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mean number of harvested lymph nodes (P = 0.0056) and 
the proportion of D3 lymphadenectomy (P = 0.0241) were 
significantly greater in the BTS group. Perineural inva-
sion (PNI) was noted in 59.1 and 18.2 % of the BTS group 
and ES group patients, respectively (P =  0.0053). OPNI 
and serum albumin decreased significantly after stenting 
(P = 0.0084).
Conclusions  The advantages of stenting as a BTS were 
that it avoided colostomy and allowed for laparoscopic 
surgery and lymphadenectomy, whereas its disadvantage 
lay in the decreased PNI and OPNI levels. A larger study 
including an analysis of prognosis is warranted.

Keywords  Colorectal cancer · Self-expandable colonic 
stent · Obstructive colorectal cancer · Bridge to surgery

Introduction

Colorectal cancer is one of the most common cancers in the 
world. Obstruction is a frequent clinical presentation and 
the incidence of obstructive colorectal cancer has remained 
unchanged for decades [1]. Obstructive colorectal cancer, 
reported to account for about 10–29 % of all colorectal can-
cers [1–3], is a common emergency that requires decom-
pression to prevent perforation, bacterial translocation, 
and ischemia, especially in the left-side colon. The rates of 
mortality and complications associated with emergency sur-
gery for obstructive colorectal cancer are higher than those 
associated with elective surgery [1, 4–6]. In an emergency 
surgical situation, it is difficult to evaluate the patient’s gen-
eral condition and treat comorbidities and malnutrition. The 
metallic colonic stent, which was introduced clinically in the 
1990s [7, 8], is an alternative tool for avoiding emergency 
surgery, and applied for palliation or as a bridge to surgery 

Abstract 
Purpose  To clarify the advantages and disadvantages of 
stenting as a bridge to surgery (BTS) by comparing the 
clinical features and outcomes of patients who underwent 
BTS with those of patients who underwent emergency sur-
gery (ES).
Methods  We assessed technical success, clinical success, 
surgical procedures, stoma formation, complications, clin-
icopathological features, and Onodera’s prognostic nutri-
tional index (OPNI) in patients who underwent BTS and 
those who underwent ES.
Results  Twenty-six patients underwent stenting, which 
was successful in 22 (BTS group). The remaining four 
patients with unsuccessful stenting underwent emergency 
surgery. A total of 22 patients underwent emergency sur-
gery (ES group). The rates of technical and clinical suc-
cess were 85.0 and 81.0  %, respectively. The propor-
tion of patients able to be treated by laparoscopic surgery 
(P = 0.0001) and avoid colostomy (P = 0.0042) was sig-
nificantly higher in the BTS group. Although the incidence 
of anastomotic leakage in the two groups was not signifi-
cantly different, it was significantly reduced by colono-
scopic evaluation of obstructive colitis (P = 0.0251). The 
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(BTS) [9–11]. While it is generally accepted that stenting 
for obstructive colorectal cancer can achieve decompres-
sion of bowel obstruction and avoid a stoma, while provid-
ing time for medical examination and stabilization of the 
patient’s general condition [12–15], the advantages of stent-
ing as a BTS have not fully clarified. In relation to avoiding 
the need for colostomy, a review and meta-analysis study 
showed no significant differences between a stent group and 
a surgery group [16]. Anastomotic leakage can cause lethal 
complications, necessitating reoperation for stoma forma-
tion. Successful decompression by stent insertion should 
prevent anastomotic leakage, but again, its true efficiency 
in achieving this has not been established [16–18]. The 
postoperative prognosis of patients who undergo BTS also 
remains to be clarified [16, 19, 20]. Although stenting has 
been applied widely for obstructive colorectal cancer, many 
questions remain unanswered.

We conducted this study to clarify the advantages and 
disadvantages of colonic stenting by comparing patients 
who underwent BTS with those who underwent emergency 
surgery (ES), focusing on operative methods, postopera-
tive complications, and clinicopathological factors. We also 
assessed the utility of colonoscopic evaluation of obstruc-
tive colitis for reducing the risk of anastomotic leakage.

Methods

Patients

Between December 2012 and December 2014, 26 patients 
underwent stenting for obstructive colon cancer at Osaka 
National Hospital. Stenting for obstructive colon can-
cer was approved for medical insurance cover in Japan in 
2012. Thus, since 2012, stenting has been performed all 
patients who require emergency bowel decompression for 
obstructive colon cancer, except those with suspected or 
impending perforation, enteral ischemia, or intra-abdomi-
nal abscess. Stenting as a BTS was performed successfully 
in 22 patients (BTS group), but was unsuccessful in four 
patients, who subsequently underwent ES. Between Janu-
ary 2009 and November 2012, 18 patients underwent ES 
for obstructive colon cancer at Osaka National Hospital. 
With the additional four patients from the latter period, 
ES was performed on a total 22 patients between January 
2009 and July 2014 (ES group). All patients in the BTS 
and ES groups required a continuous bowel decompressive 
procedure.

Endoscopic procedures

A SEMS (self-expandable metallic stent) was inserted via 
colonoscopy under fluoroscopic guidance by experienced 

gastroenterology physicians at Osaka National Hospital 
[8]. Contrast was introduced from the catheter to identify 
the appropriate length of the narrowed segment, and deter-
mine the length of the WallFlex Colonic Stents (Boston 
Scientific). To confirm the extension and position of the 
stent, abdominal X-rays were taken the day after stenting. 
Clinical and technical success was defined by the allevia-
tion of clinical obstructive symptoms and sufficient dila-
tion of the stenosis [9, 10]. Pre-operative colonoscopy was 
done in only one patient, who underwent polypectomy 
before surgery in early 2014. All patients who had a SEMS 
inserted after May 2014 underwent colonoscopy to evalu-
ate the obstructive colitis.

Assessment of tumor stage

Tumor stages were defined according to the TNM Classifi-
cation of Malignant Tumors 7th edition published from the 
Union Internationale Contre le Cancer (UICC).

Analysis of prognostic nutritional index

The Onodera’s prognostic nutritional index (OPNI) was 
calculated using the following formula: 10 ×  serum albu-
min value (g/dl) + 0.005 × lymphocyte count in peripheral 
blood [21–23].

Statistical analysis

Results are expressed as the mean  ±  standard deviation 
(SD) or median. Student’s t test and Mann–Whitney U test 
were used to assess statistical significance. Statistical dis-
tributions of data were confirmed with the Gaussian distri-
bution. All statistical analyses were performed using JMP 
11.0.0 software (SAS Institute, Cary, NC). Results were 
considered significant at P < 0.05.

Results

Technical and clinical success rates of stent insertion

Stenting was successful in 22 of 26 patients. The other 
four patients required ES. The rates of technical suc-
cess and clinical success were 85.0 % (22/26) and 81.0 % 
(21/26), respectively. Technical success was defined as the 
successful insertion of a stent with sufficient dilation of 
the stenosis at the stenosis location, whereas clinical suc-
cess was defined as the alleviation of clinical obstructive 
symptoms [9, 10]. Re-obstruction by compressive tumor 
growth occurred in one patient and accidental stent migra-
tion caused by colonoscopic polypectomy performed after 
stenting occurred in one. This accidental stent migration 
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was excluded from the clinically unsuccessful cases. Dur-
ing the preoperative period, stent-associated complications 
such as perforation, ischemia, and intraperitoneal abscesses 
were not observed. Oral intake was started after the passing 
of flatus, defecation, alleviation of obstructive symptoms, 
and confirmation of sufficient stent location on abdomi-
nal X-rays. All but 1 of the 22 patients recommenced oral 
intake 3 ± 1.7 days after stent insertion (range days 1–6). 
The remaining patient required ongoing total-parenteral 
nutrition.

Baseline characteristics of patients

Patients were divided into two groups: a BTS group 
(n =  22) and an ES group (n =  22). All of the patients 
required a procedure for continuous decompression 
and could not tolerate any oral intake. Surgery was per-
formed 12.7 ± 4.8 days after stenting (range 2–21 days). 

The mean age of the patients in the BTS and ES groups 
was 67  ±  11.0  years (12 men and 10 women) and 
68  ±  10.0  years (15 men and 7 women), respectively 
There were no significant differences in tumor location, 
tumor stage, node status, distant metastasis, UICC clini-
cal stage, or maximal tumor diameter between the groups 
(Table 1).

Analysis of operative procedures and perioperative 
complications

In the BTS group, laparoscopic surgery was performed 
for 20 patients (91  %), while two required laparotomy: 
for posterior pelvic exenteration in one patient with sig-
moid colon cancer with uterus invasion, and for sigmoid-
ectomy in one patient with sigmoid colon cancer with liver 
metastases and main portal vein tumor thrombus. In the ES 
group, laparoscopic surgery was performed only for three 

Table 1   Clinical characteristics 
of the patients in the bridge to 
surgery (BTS) and emergency 
surgery (ES) groups

UICC the Union Internationale Contre le Cancer

BTS group (n = 22) ES group (n = 22) P value

Sex

 Male 12 15 0.3530

 Female 10 7

Age years (mean ± SD) 67 ± 11.0 68 ± 10.0 0.2907

Location

 Ascending 0 3 0.0752

 Transverse 1 1

 Descending 0 4

 Sigmoid 15 7

 Rectosigmoid 5 6

 Upper rectum 1 1

Tumor stage

 pT2 1 0 0.1125

 pT3 12 9

 pT4a 4 11

 pT4b 5 2

Node status

 pN0 9 9 1.0000

 pN1-2 13 13

Distant metastasis

 M0 14 14 1.0000

 M1 8 8

UICC stage

 II 8 7 0.8707

 IIIa 4 5

 IIIb 2 2

 IV 8 8

Maximal tumor diameter (mm)

65.8 ± 15.0 (range 30–100) 64.4 ± 18.6 (range 30–94) 0.7975
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patients (13.7 %). A permanent stoma was required in only 
3 (13.6 %) of the 22 BTS patients, but in 12 (54.5 %) of the 
22 ES patients. When limited to left side of the colon, the 
stoma rate was 14.3 % (3/21) in the BTS group and 63.2 % 
(12/19) in the ES group.

In relation to perioperative complications, anastomotic 
leakage was recognized in three (13.6  %) patients from 
the BTS group and two (9.1 %) from the ES group. When 
restricted to the left side of the colon with primary anasto-
mosis, the rates of anastomotic leakage were 11.1 % (2/18) 
and 28.6 % (2/7) in the BTS and ES groups, respectively 
(P = 0.2850). One patient from the ES group suffered per-
foration after Hartmann’s operation and the pathological 
findings of the resected perforated colon indicated obstruc-
tive colitis. Surgical site infection (SSI) [24, 25] devel-
oped in two patients (9.1 %) from the BTS group and four 
patients (18.2 %) from the ES group (P =  0.3796). Post-
operative bowel obstruction developed in one patient from 
the ES group.

Importance of preoperative colonoscopy for reducing 
the risk of anastomotic leakage

We performed colonoscopy to evaluate obstructive coli-
tis and mucosal edema in every patient from June, 2014. 
There were three cases of anastomotic leakage between 
December, 2012 and May, 2014, and all three resected 
primary tumor specimens were found to have obstruc-
tive colitis with a longitudinal ulcer and inflammatory 
change; hence, we started performing preoperative colo-
noscopy to evaluate the mucosal condition of the oral 
side of the colon (Table 2). To assess the importance of 
preoperative colonoscopic surveillance, the BTS group 
was divided into two sub-groups: with or without preop-
erative colonoscopy. Colonoscopy was performed in 13 
patients (CS group; 59 %) and not performed in 9 (non-
CS group; 41 %). We performed primary anastomosis in 
12 (92.3 %) of the 13 CS group patients and 7 (77.8 %) 
of the 9 non-CS group patients (Table 3). There was no 
case of anastomotic leakage (0 %) in the CS group, but 
three cases (33.3 %) in the non-CS group (P = 0.0251). 
Anastomotic leakage was assessed using the Common 
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 4.0. Basically, anastomotic leakage occurred only 
after primary anastomosis in the non-CS group (42.9 %) 
in patients who underwent laparoscopic sigmoidectomy 
(CTCAE grade 4), low anterior resection (CTCAE grade 
4), or right hemicolectomy (CTCAE grade 2). Preopera-
tive colonoscopy allowed us to detect obstructive colitis 
in one patient (1/13; 7.7 %) and anastomotic leakage was 
circumvented by performing careful anastomosis, after 
the obstructive colitis lesion had been included in the 
resection area. 

Assessing the clinicopathological findings of the BTS 
and ES groups

Because there was no significant difference in the depth 
of the tumor, lymph node metastasis, metastatic status, or 
UICC stage between the BTS and ES groups (Table 1), we 
assessed the pathological findings including venous inva-
sion, lymphatic invasion and perineural invasion (PNI). 
There was no significant difference in lymphatic inva-
sion or venous invasion between the BTS and ES groups 
(Table 4). The incidence of PNI was significantly higher in 
the BTS group than in the ES group (P = 0.0053), being 
identified in 13 (59.1 %) vs. 4 (18.2 %) cases, respectively. 
The PNI-positive cases in the BTS group comprised seven 
cases of T3, three of T4a, and three of T4b, with clinical 
stages of II (n = 7), III (n = 4), and IV (n = 2). Two of 
four PNI-positive cases in the ES group involved patients 

Table 2   Surgical methods and complications in the bridge to surgery 
(BTS) and emergency surgery (ES) groups

BTS group  
(n = 22)

ES group  
(n = 22)

P value

Surgical method

 Open surgery 2 19 <0.0001

 Laparoscopic 
surgery

20 3

Colostomy formation

 Yes 3 12 0.0042

 No 19 10

Anastomotic leakage

 Yes 3 2 0.2850

 No 19 20

Surgical site infection

 Yes 2 4 0.3796

 No 20 18

Postoperative bowel obstruction

 Yes 0 1 0.3117

 No 22 21

Table 3   Sub-group analysis of the bridge to surgery (BTS) group 
based on preoperative colonoscopy

BTS group P value

CS group (n = 13) Non-CS group (n = 9)

Primary anastomosis

 Yes 12 7 0.3971

 No 1 2

Anastomotic leakage

 Yes 0 3 0.0251

 No 13 6
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who had unsuccessful stent insertion: one with sigmoid 
colon cancer (T4a, stage II) and one with rectosigmoid 
colon cancer (T4a, stage II). The other two cases were a 
patient with upper rectal cancer (T3, stage II) and one with 
rectosigmoid cancer (T4a, stage IV). There was no signifi-
cant relationship between PNI and tumor stage (T factor, 
P = 0.8740).

Analysis of the extent of lymphadenectomy

We assessed the extent of lymphadenectomy in the BTS and 
ES groups. In the BTS group, 90.9 % of the patients under-
went lymphadenectomy at the root of the primary feeding 
artery (D3) and 9.1  % underwent high mesenteric artery 
ligation (D2). In the ES group, 54.5 % of the patients under-
went D3 lymphadenectomy, 41.0  % underwent D2 lym-
phadenectomy, and 4.5 % underwent lymphadenectomy in 
the marginal area (D1). The extent of lymphadenectomy was 
significantly greater in the BTS group (P =  0.0241). The 
number of harvested lymph nodes was significantly higher 
in the BTS group than in the ES group, at 37.5 ± 23.2 vs. 
22.9 ± 13.8, respectively (P = 0.0056; Table 4).

Analysis of serum albumin level and Onodera’s 
prognostic nutritional index

Stenting is done to provide time for the patient’s gen-
eral condition to stabilize [9–11]. Successful stenting is 

considered pivotal to improving malnutrition. To assess 
whether stenting improves the nutritional status of patients 
with bowel obstruction, we looked at the changes in serum 
albumin levels after stenting in 20 of the 22 BTS patients 
who underwent stenting. One was excluded because of the 
lack of data and one was on continuous total-parenteral 
nutrition. All 20 patients were allowed oral intake and were 
not receiving an infusion. Serum albumin levels were meas-
ured on the day of stenting and 1 day before surgery, and 
the levels 1 day before surgery were significantly decreased 
despite sufficient oral intake (P = 0.0210). We then com-
pared the serum albumin levels in these 20 patients from 
the BTS group with those in the 22 patients from the ES 
group, and found no significant difference (P  =  0.5786; 
Fig. 1a, b).

The OPNI was assessed in these 20 patients from 
the BTS group and found to be significantly lower 1  day 
before surgery than just before stenting (44.22 ± 6.95 vs. 
39.35 ±  6.88, respectively; P =  0.0326). Conversely, the 
OPNI in the ES group was 42.41 ±  6.23, which was not 
significantly different from that just before stenting in the 
BTS group (P = 0.3205).

Discussion

The colonic stent was introduced in the 1990s for both 
palliation and as a BTS [7, 8]. The major complications 
associated with colonic stent placement are perforation, 
re-obstruction, and migration [9, 10]. While some reviews 
and a single center study reported 47.0–96.7  % technical 
success and 70.2–100 % clinical success, with perforation 
and re-obstruction rates of 2–12 and 10–14 %, respectively 
[9, 26, 27], certain studies were terminated because patients 
suffered serious complications. The Dutch Stent-in I study 
(ISRCTN01790428) was terminated prematurely because 
of a 40 % incidence of perforation, resulting in the death 
of 30 % of these patients [17]. In 2011, a European multi-
center randomized trial was also suspended for a high rate 
of perforation (12.8  %) and those authors proposed that 
colonic stenting has no decisive clinical advantages over 
ES [28]. In the present series, there was 85.0 % technical 
success and 81.0  % clinical success, with 4.5  % migra-
tion and 4.5 % re-obstruction, but no perforation. In recent 
years, stent insertion has become safer with better tech-
niques, improved training and experience of the physicians 
who perform this procedure, and more defined guidelines 
[29, 30]. However, larger studies are necessary to clarify its 
safety for obstructive colon cancer.

The advantage of BTS to avoid the need for colostomy is 
controversial. One review and meta-analysis study showed 
no significant differences in the incidence of permanent 
stoma between a stent group and a surgical group [16], but 

Table 4   Pathological findings and extent of lymphadenectomy in the 
bridge to surgery (BTS) and emergency surgery (ES) groups

D1 lymphadenectomy to the marginal artery, D2 lymphadenectomy 
to the high ligation of mesenteric vessel, D3 lymphadenectomy to the 
root of feeding vessel

BTS group  
(n = 22)

ES group  
(n = 22)

P value

Venous invasion

 Positive 17 15 0.4984

 Negative 5 7

Lymphatic invasion

 Positive 14 14 1.0000

 Negative 8 8

Perineural invasion

 Positive 13 4 0.0053

 Negative 9 18

Extent of lymphadenectomy

 D1 0 1 0.0241

 D2 2 9

 D3 20 12

Harvested lymph nodes

37.5 ± 23.2  
(range 7–90)

22.9 ± 13.8 
(range 2–53)

0.0056
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other studies, including ours showed that BTS had a sig-
nificant advantage for avoiding colostomy [12, 13, 17, 19, 
26, 31]. The advantage of stenting for preventing anasto-
motic leakage is also controversial, as some meta-analyses 
showed no significant difference between BTS groups and 
ES groups in relation to anastomotic leakage [16, 17, 32], 
whereas other reports documented a significant advantage 
of stenting for preventing anastomotic leakage [18, 19]. In 
our study, the incidence of anastomotic leakage did not dif-
fer significantly between the BTS and ES groups. Obstruc-
tive colitis sometimes involves a skipped lesion; hence, it 
is difficult to identify mucosal change in the whole colon 
from examining the resected stump. Indeed, one of our 
patients suffered perforation of the residual colon with 
obstructive colitis after Hartmann’s operation. Moreover, 
all three cases of anastomotic leakage in the BTS group 
were associated with obstructive colitis, suggesting that 
evaluating mucosal changes helps prevent anastomotic 
leakage. The sub-group analysis of the BTS group revealed 
that the incidence of anastomotic leakage was significantly 

less in the patients who had undergone preoperative colo-
noscopy. Obstructive colitis was found in one patient by 
preoperative colonoscopic surveillance and anastomotic 
leakage was circumvented by careful anastomosis after the 
obstructive colitis lesion was included in the resection area. 
Preoperative or intraoperative colonoscopy for evaluating 
mucosal changes including obstructive colitis and mucosal 
edema may be helpful for preventing anastomotic leakage. 
Since long-term stenting is considered to increase the risk 
of perforation, the timing of surgery should be planned 
promptly after the evaluation of obstructive colitis.

Malnutrition is well known to be a risk factor for anas-
tomotic leakage [33]. In this study, despite sufficient nutri-
tional intake, the serum albumin level decreased significantly 
after stenting, suggesting that stent insertion increased the 
risk of anastomotic leakage. Considering that the half-life of 
serum albumin is about 21 days and surgery was performed 
12.7 ± 4.8 days after stenting, albumin levels may not define 
the nutritional condition after stenting. It is necessary to eval-
uate nutritional status using rapid turnover protein.

Fig. 1   Analysis of levels of serum albumin and Onodera’s prognostic 
nutritional index. Levels of serum albumin before stenting and before 
emergency surgery were not significantly different (P = 0.5786) (a). 
In the 20 BTS group patients, the serum albumin level decreased sig-
nificantly after stenting (P = 0.0210) (b). Onodera’s prognostic nutri-

tional indexes of the patients before stenting and before emergency 
surgery were not significantly different (P = 0.3205) (c). Onodera’s 
prognostic nutritional indexes decreased significantly after stenting 
compared with those before stenting (P = 0.0326) (d)
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Successful decompression by stenting provides time 
to allow the patient’s systemic and surgical condition to 
improve, promoting surgical quality. In our study, the 
number of harvested lymph nodes was significantly higher 
and the incidence of D2 or D3 lymphadenectomy was sig-
nificantly greater in the BTS group than in the ES group. 
Moreover, stenting made elective radical surgery possible: 
one patient underwent colectomy with hepatectomy and 
another underwent posterior pelvic exenteration.

Distended small bowel is a major deterrent to laparo-
scopic surgery because it obscures the visual field and 
occludes the space for forceps manipulation. In the present 
study, sufficient intestinal decompression enabled laparo-
scopic surgery to be carried out in 91 % of the patients. As 
laparoscopic surgery is minimally invasive surgery, it is an 
attractive option after stenting. Although there was no sig-
nificant difference in the development of SSI in our study, 
laparoscopic surgery has been reported to reduce the risk of 
SSI. Of course it is necessary to confirm the benefit, feasi-
bility, and safety of laparoscopic surgery after stenting in a 
large sample study because there are few reports on laparo-
scopic surgery after stenting [34–36].

Despite the benefits of stenting for obstructive colorec-
tal cancer, there are still issues that need to be clarified. 
The prognostic impact of stenting remains unclear as some 
reviews and meta-analyses reported no significant differ-
ence in prognosis between BTS and ES groups [16, 19, 20, 
37], but one retrospective study showed inferior overall sur-
vival of a stenting group [38]. We could not assess progno-
sis, but we assessed clinicopathological factors and found 
that the incidence of PNI was increased after stenting. PNI 
is known to be a marker for a more aggressive tumor phe-
notype and poor prognosis in colorectal cancer [39–41]. In 
our study, 18.2 % of patients from the ES group were PNI-
positive, which is consistent with the findings of a previous 
report that PNI was positive in 22 % of colorectal cancer 
cases [39]. The finding that 59.1 % of patients in the BTS 
group were PNI-positive suggests that the stent insertion 
potentially induces tumor cell invasion to peripheral nerves. 
The reason why stenting induces perineural invasion has 
not been clarified, although it could be attributable to the 
pressure effect of a self-expandable stent inducing the inva-
sion of cancer cells into perineural space [42]. The OPNI 
[21–23], an established assessment tool for the nutritional 
status and prognosis of patients with malignancy, was also 
decreased in the patients who underwent stenting for BTS. 
A low OPNI of around 40 in patients with colon cancer has 
been associated with poor prognosis.

In the European Society of Gastrointestinal Endoscopy 
(ESGE) clinical guidelines [29], self-expandable metallic 
stent placement as a bridge to elective surgery is not recom-
mended as a standard treatment for symptomatic left-sided 
malignant colonic obstruction. These clinical guidelines 

also state that stent placement for patients with potentially 
curable but obstructing left-sided colonic cancer may be 
considered as an alternative to ES for those at increased 
risk of postoperative mortality; namely, those with Ameri-
can Society of Anesthesiologists (ASA) physical status 
≥III and/or an age >70 years.

In conclusion, although stenting as a BTS for obstructive 
colon cancer has some advantages, its oncological risks and 
long-term prognosis have not clarified. A large randomized 
controlled study is necessary to clarify the safety, feasibil-
ity, and long-term prognosis of stenting as a BTS.
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