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Abstract
Background and Aims: Self-expandable metallic stent (SEMS) is widely used for ob-
structive colorectal cancer (OCC). Both SEMS and urgent surgery have several merits
and demerits. This study aimed to clarify the efficacy of SEMS by comparing the mortality
rate after the hospitalization between SEMS and urgent surgery for OCC.
Methods: We collected OCC patients’ data using the Diagnosis Procedure Combination
(DPC) database system. We divided eligible patients into the SEMS and urgent surgery
groups using propensity score matching and compared in-hospital death rates, length of
hospitalization, and medical costs. We also conducted logistic regression analysis to iden-
tify clinical factors affecting in-hospital deaths.
Results: We enrolled 17 140 cases after propensity score matching. SEMS reduced the
in-hospital death rate compared with urgent surgery (2.0% vs 3.6%, P < 0.0001). Length
of hospitalization was shorter in the SEMS group than in the urgent surgery group (16 vs
25 days, P < 0.0001). Medical costs were lower in the SEMS group than in the urgent sur-
gery group (1 663 550 vs 2 424 082 JPY, P < 0.0001). Multivariate analysis also showed
that SEMS reduced in-hospital death (odds ratio = 0.58, 95% confidence interval:
0.50–0.70, P < 0.0001).
Conclusion: Self-expandable metallic stent placement for OCC might reduce the mortality
rate in short term and shorten the length of hospitalization. These results facilitate consid-
ering SEMS with careful judgment for its indication when treating OCC patients.

manuscript.
Ethical approval: The study protocol was re-
viewed and approved by the Ethics Committee
of Tohoku University Graduate School of Medi-
cine (2019-1-415).

Introduction
Obstructive colorectal cancer (OCC) is an emergency situation that
requires immediate decompression and also shows high mortality
and morbidity rates in the short and long term.1 Approximately
10–30% of colorectal cancers develop colonic obstruction.2–5

One can select self-expandable metallic stent (SEMS) or urgent
surgery when treating OCC. There are two major indications for
placing SEMS: bridge to surgery (BTS) and palliation. SEMS
placement demonstrates several merits, exhibiting good efficacy
to release obstruction and safety in both BTS and palliation.6–8

On the contrary, the clinical guidelines from the European Soci-
ety of Gastrointestinal Endoscopy recommend stenting as a BTS to
be discussed.8 They also stated that BTS was a treatment option in
patients with potentially curable left-sided OCC as an alternative
to emergency resection.8 There are several randomized control tri-
als (RCTs) that directly compared SEMS placement as BTS and
urgent surgery in left-sided OCC.9–15 One RCT reported that the
morbidity and 3-year overall survival rates were not different in
the two groups, while stoma creation rate in the BTS group was
lower compared with the urgent surgery group.15 Other RCTs also
reported that there were no differences in the mortality rate10 and
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the length of hospitalization13 between SEMS and urgent surgery.
Furthermore, another RCT concluded that SEMS has no clinical
advantages over urgent surgery.12 However, these studies
consisted of relatively small number of patients. It might be diffi-
cult to conduct an RCT that contains enough number of patients to
compare SEMS and urgent surgery because OCC is a severe dis-
ease that requires immediate intervention to release obstruction.
There is a national database of hospitalization in Japan, named

the Diagnosis Procedure Combination (DPC). This database con-
tains data of a large number of patients and could be an alternative
method to investigate which strategy is preferable for OCC be-
cause of its high volume of data16,17 and by conducting propensity
score-matched analysis, instead of RCT.18

This study aimed to investigate the efficacy of SEMS by com-
paring the mortality rate, stoma creation rate, length of hospitaliza-
tion, and medical costs in the short term, between SEMS and
urgent surgery for OCC using a nationwide database in Japan.

Methods

Diagnosis Procedure Combination system. The
DPC database, which has been in place since 2003, is a medical
claims database of admissions to acute-care hospitals in Japan.
The DPC system was adopted at 1730 hospitals in 2018 and
covers approximately 83% of the acute-care beds in Japan.19 There
are six distinct categories of diagnosis, namely, “main diagnosis,”
“main disease triggering admission,” “most resource-consuming
diagnosis,” “second most resource-consuming diagnosis,” “comor-
bidities at admission,” and “complications after admission,” in the
DPC database. The DPC database also contains patients’

demographics, medical costs, procedures (including stent place-
ment, colectomy, and ileostomy), and condition at discharge.20,21

The physicians input patients’ diagnosis into the DPC database ac-
cording to International Classification of Diseases, 10th revision
(ICD-10). The DPC database has been used for various clinical
studies,16,18 including those for colorectal cancer,17 and its diag-
nostic validity is confirmed.20,22

The DPC database cannot identify the patients who discharged
after SEMS placement and subsequently readmitted another hospi-
tal to undergo surgery.

Patients. This study includes the administrative claims data for
all inpatients discharged from more than 1100 participating hospi-
tals, as well as for patients with OCC who were admitted to
DPC-participating hospitals from April 2012 through March
2020 (Fig. 1). Colorectal cancer was identified using the ICD-10
code C18.0–18.9, C19, and C20, which indicates colon cancer
or rectal cancer, as the most resource-consuming diagnosis. Entries
of colorectal cancer suspicious cases containing the word “suspi-
cious” were excluded. We included patients with the following
characteristics, (i) primary colorectal cancer, (ii) not scheduled or
urgent admissions, (iii) containing the phrase “ileus” as main dis-
ease triggering admission or comorbidities at admission, and (iv)
first intervention (SEMS placement or surgery including
colectomy and stoma creation) within 2 days after admission. We
selected conditions with urgent or not scheduled admissions to ex-
clude patients who were discharged after stent placement and
underwent radical surgery after being readmitted. We finally ex-
cluded patients with the following characteristics, (i) T1 category
based on TNM classification and (ii) containing the phrases

Figure 1 The flowchart of patient extraction. The eligible patients were extracted as per this flow. DPC, Diagnosis Procedure Combination; ICD, In-
ternational Classification of Diseases.
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“peritonitis” and “abdominal abscess” in their comorbidities at ad-
mission because the T1 cancer is not thought to develop an OCC,
and we have to select surgery superior to SEMS in patients with
peritonitis or abdominal abscess.

Data collection. We collected the following data on patients
and clinical characteristics, procedures, and condition at discharge
from the DPC database: age, sex, body mass index (BMI),
smoking history, Charlson comorbidity index (CCI),23 hospital
type (academic hospital or not), primary tumor (T), lymph node
(N), and distant metastasis (M) categories based on TNM
classification,24 disease location (including cecum, ascending co-
lon, transverse colon, descending colon, sigmoid colon, and rec-
tum), condition at discharge (in-hospital death), medical costs
(available data from 2016 to 2020), length of the hospital stay,
and interventions to release obstruction such as SEMS placement
and surgery (including colectomy and/or stoma creation). We de-
fined in-hospital death, medical costs, and the length of the hospi-
tal stay as clinical endpoints to evaluate the efficacy of SEMS.

Data analysis. We classified the eligible patients into five cat-
egories according to their age (≤ 49, 50–59, 60–69, 70–79, and
≥ 80 years) and into three categories according to BMI (under-
weight: < 18.5 kg/m2, normal range: 18.5–24.9 kg/m2, and over-
weight: > 25.0 kg/m2) based on the World Health Organization
classification.25 The eligible patients were also divided into two
groups according to the first intervention to release obstruction
due to OCC, as follows: SEMS group (stent placement) and sur-
gery group (colectomy and/or stoma creation). The DPC database
does not include the time of admission; thus, only the date of ad-
mission was recorded. Therefore, we extracted interventions that
were conducted within 2 days after admission.
We conducted propensity score matching analysis to compare

the efficacy of stent placement with that of surgery. We used the
following variables for propensity score matching: sex, age cate-
gories, and BMI categories as described earlier, CCI, smoking his-
tory, hospital type, TNM categories, and disease location. We
subsequently compared them using rates of in-hospital death and
stoma creation during the admission between the SEMS and sur-
gery groups, using χ2 tests, and the length of hospitalization and
medical costs of hospital stay, using Wilcoxon’s signed-rank test.
The eligible patients after propensity score matching were divided
into two groups based on the disease location, as follows:
right-sided colon consisted of cecum, ascending and transverse co-
lon, and left-sided colon consisted of descending and sigmoid co-
lon and rectum. We then compared the rate of in-hospital death,
length of hospitalization, and medical costs in each group as well.
We also performed a multivariate analysis using logistic regression
analysis with the data before propensity score matching to identify
clinical factors that affect in-hospital death and stoma creation.

Statistics. The threshold for statistical significance was
P < 0.05. All analyses were performed using JMP Pro14 (SAS In-
stitute, Tokyo, Japan) software.
We calculated C-statistics and standardized difference in each

variable described earlier when we conduct propensity score
matching. C-statistics is preferable if it is between 0.7 and 0.8.

However, after matching, the SEMS and surgery groups are com-
parable for all standardized difference < 0.1.
All authors had access to the study data and reviewed and ap-

proved the final manuscript.

Ethics. The study protocol was reviewed and approved by the
Ethics Committee of Tohoku University Graduate School of Med-
icine (2019-1-415). Owing to the anonymous nature of the data,
informed consent was waived for the approval.

Results

Patient characteristics. We finally included 17 368 eligi-
ble cases, of whom 9525 were assigned to the SEMS group, and
the remaining 7843 to the surgery group (Fig. 1). After propensity
score matching, 6804 pairs of patients were selected. The
C-statistic was 0.63, and the standardized difference in each vari-
able was < 0.1. The characteristics of the study population are
summarized in Table 1. The characteristics of both groups were
similar after propensity score matching.

Comparisons of clinical endpoints between
self-expandable metallic stent and surgery groups
after propensity score matching. The relationship be-
tween intervention type and clinical endpoints is summarized in
Table 2. The rate of in-hospital death was lower in the SEMS
group than in the surgery group (2.0% vs 3.3%, P < 0.0001).
The rate of stoma creation in the SEMS group was also lower com-
pared with the surgery group (3.3% vs 56.0%, P < 0.0001). The
median length of hospital stay in the SEMS group was shorter than
that in the surgery group (16 vs 24 days, P < 0.0001). The medical
costs of hospital stay in the SEMS group were lower than those in
the surgery group (1 640 370 vs 2 394 540 JPY, P < 0.0001).

Comparisons of clinical endpoints between
self-expandable metallic stent and surgery in the
left-sided and right-sided colon. The relationship be-
tween intervention type and clinical endpoints in the left-sided
and right-sided colon is summarized in Table 3. The rates of
in-hospital death and stoma creation in the SEMS group were
lower than those in the surgery group in each-sided colon. The
SEMS group also demonstrated better clinical outcomes compared
with the surgery group in the duration of hospital stay and medical
costs in each-sided colon.

Multivariate analysis for in-hospital death and
stoma creation before propensity score
matching. The results of multivariate analysis for in-hospital
death are summarized in Table 4. On multivariate analysis, youn-
ger age, academic hospital (odds ratio [OR] = 0.6, 95% confidence
interval [CI]: 0.37–0.99, P = 0.043), and stent placement
(OR = 0.58, 95% CI: 0.50–0.70, P < 0.0001) were identified as
the clinical factors that decrease in-hospital death. Conversely, un-
derweight (OR = 1.51, 95% CI: 1.24–1.85, P < 0.0001) and me-
tastasis (OR = 2.31, 95% CI: 1.78–2.99, P < 0.0001) were
identified as the clinical factors that increase in-hospital death.
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The results of multivariate analysis for stoma creation are sum-
marized in Table 5.
Advanced stage of TNM classification (T4, N3, and M1) and

surgery (OR = 58.9, 95% CI: 51.4–67.5, P < 0.0001) demon-
strated increased high OR of creating stoma, meanwhile
right-sided location showed lower risk of creating stoma
(OR = 0.17, 95% CI: 0.16–0.19, P < 0.0001).

Discussion
In this study, we investigated the efficacy of SEMS comparing
with urgent surgery for OCC using a nationwide database in
Japan. Our propensity score-matched analysis revealed that the
in-hospital death and stoma creation rates of the SEMS group were
lower than those of urgent surgery. The length of the hospitaliza-
tion and medical costs of the SEMS group were shorter and lower
than those of urgent surgery as well. This study also showed the
same results in both right-sided and left-sided OCC. Multivariate
analysis using the data before propensity score matching also
showed lower OR of SEMS compared with urgent surgery in the
in-hospital death and stoma creation.
Obstructive colorectal cancer is an emergency disease that re-

quires immediate intervention to release bowel obstruction. Both
SEMS and urgent surgery have several merits and demerits. There-
fore, it is important to investigate which treatment is preferable as
a first intervention for OCC. Our study, which consisted of a large
number of patients and used propensity score-matched analysis,
showed the lower rate of in-hospital death in the SEMS group
compared with the urgent surgery group. The χ2 test after propen-
sity score matching and multivariate analysis before propensity
score matching demonstrated lower in-hospital death in the SEMS
group. Our results indicate that SEMS might reduce mortality rate
due to OCC in the short term. However, we investigated only
short-term outcomes. We need to conduct prospective and
long-term study to clarify the impact of SEMS on the clinical
course in OCC cases. On the contrary, previous RCTs comparing
SEMS and urgent surgery in left-sided OCC9–15 showed that their
results were inconsistent regarding the priority of SEMS to urgent
surgery. Although RCT is the best investigation method to clarify
which treatment is preferable, these studies contain small number
of patients. The discrepancy among these studies might be because
of the relatively small number of patients included in each study. A
meta-analysis demonstrated tendencies similar to our results.26 To
the best of our knowledge, no previous study has reported an asso-
ciation between SEMS placement and reduction of in-hospital
death. A nationwide database like DPC would be useful for investi-
gations of rare complications and diseases with a large number of
patients. Furthermore, urgent surgery is associated with higher rates
of morbidity and mortality compared with the elective surgery.27–29

SEMS placement as a BTS could reduce such unfavorable events
with releasing obstruction that contribute to avoid urgent surgery.
The impact of the difference of obstruction site on the clinical

outcome is still unclear. Our data also showed that SEMS placement
reduced the rates of the in-hospital death in both right-sided and
left-sided OCC. This result could indicate that SEMS placement
for left-sided OCC could, in turn, reduce the mortality rate in the
short term as well as for right-sided OCC. Therefore, we should
consider SEMS placement for left-sided OCC. Furthermore, studies
about SEMS placement for the right-sided OCC are rare. Our resultsTa
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also demonstrated clinical effectiveness of SEMS for right-sided
OCC. Even if an OCC is located in both sides, SEMS placement
could be worth of considering.
Self-expandable metallic stent placement has another benefit en-

abling us to avoid creating stoma. Our results showed lower rate of
stoma creation in the SEMS group compared with the surgery
group. Several RCTs comparing SEMS placement and urgent sur-
gery reported lower stoma creation rate in SEMS groups.11,12,15

Our result and these studies indicate that the patients with OCC
will not need to undertake stoma creation due to the success of de-
compression using SEMS. In terms of quality of life, intervention
without creating stoma is favorable.
The guideline of European Society of Gastrointestinal Endos-

copy recommends stenting as a BTS in left-sided colon to be
discussed.8 We agree with this opinion because SEMS placement

is not suitable for all OCC cases. For instance, urgent surgery
should be performed in OCC cases with perforation, abscess for-
mation, and obstructive colitis. However, we think SEMS place-
ment should be proactively considered for the OCC cases
without such complication because SEMS placement could reduce
in-hospital death.
The length of the hospitalization and medical costs of SEMS

were shorter and lower than those of urgent surgery. Several stud-
ies showed similar tendency as well.10 A retrospective study in
Japan reported that SEMS showed lower complication rates com-
pared with urgent surgery.30 These results indicate SEMS could re-
duce complication after intervention compared with urgent
surgery, which contribute to shorten the length of hospitalization
and to decrease the medical costs. As described earlier, the DPC
database cannot identify the patients who discharged from the

Table 4 Multivariate analysis† of the association among clinical factors and in-hospital death

Clinical factors

Number of patients
(before propensity
score matching)

In-hospital death

Odds ratio 95% CI P value

Sex Male: 9242 1 0.13
Female: 8126 0.85 0.68–1.05

Age categories ≥ 80 years: 6000 1
70–79 years: 5053 0.51 0.40–0.65 < 0.0001
60–69 years: 4118 0.35 0.26–0.47 < 0.0001
50–59 years: 1457 0.26 0.16–0.44 < 0.0001
≤ 49 years: 740 0.28 0.14–0.56 0.0003

BMI classification Overweight: 2178 1.21 0.88–1.69 0.24
Normal: 10 245 1
Underweight: 3773 1.48 1.17–1.87 0.0011

Smoking history Yes: 5373 1.04 0.81–1.32 0.77
No: 11 995 1

Academic hospital Yes: 843 0.56 0.32–0.98 0.044
No: 16 525 1

Charlson comorbidity index score (2 or more points) Yes: 5120 1.22 0.99–1.50 0.069
No: 12 248 1

T classification T2: 981 0.94 0.56–1.58 0.82
T3: 7052 1
T4: 6027 1.03 0.80–1.32 0.84
TX: 5223 1.31 0.93–1.86 0.12

N classification N0: 6385 1
N1: 5016 0.76 0.57–1.02 0.072
N2: 2303 1.17 0.83–1.64 0.36
N3: 416 0.93 0.47–1.83 0.83
NX: 3198 1.47 1.02–2.12 0.037

M classification M0: 11 100 1
M1: 4258 2.31 1.78–2.99 < 0.0001
MX: 2010 1.40 0.96–2.05 0.083

Intervention Stent placement: 9525 1 0.0006
Surgery: 7843 1.56 1.21–2.01

Disease location Right-sided: 5523 0.99 0.80–1.24 0.95
Left-sided: 11 845 1

Stoma creation during hospital stay Yes: 4325 1.21 0.93–1.58 0.16
No: 13 043 1

†Logistic regression analysis.
BMI, body mass index; CI, confidence interval.
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hospital after SEMS placement and readmitted another hospital to
undertake subsequent surgery. Therefore, the total medical costs of
SEMS could be more expensive than our results.
Although SEMS placement for OCC has several benefits, its in-

dication should be discussed adequately. As described earlier,
OCC cases with complications such as complex or elongated ste-
nosis, hemorrhage, perforation, or severe inflammation that indi-
cate obstructive colitis should undertake urgent surgery rather
than SEMS placement31 because such cases are expected to go
to fatal results. Obstructive colitis due to colon cancer develops
ulcero-inflammatory lesions, which might be a cause of septice-
mia, perforation, and subsequent peritonitis.32 Therefore, we ex-
cluded the cases with peritonitis and abdominal abscess. Urgent
surgery is preferable to SEMS for such cases.
There are several limitations in this study. First, the DPC da-

tabase does not contain details of the patients’ condition, such
as endoscopic findings, laboratory data, and computed

tomography findings. Peritonitis and abdominal abscess are di-
agnosed using such clinical data, and we usually select urgent
surgery instead of SEMS placement for such cases. As de-
scribed earlier, we excluded the patients with the phrase “peri-
tonitis” and “abdominal abscess” in their complications at
admission. Although we conducted a propensity score match
to make the patients’ backgrounds between the two groups,
the possibility of selection bias cannot be denied. Second, the
DPC database does not contain long-term data. We herein ana-
lyzed the short-term results; we need to conduct a prospective
or retrospective study to clarify the long-term prognosis. Third,
the DPC database cannot distinguish the purpose of SEMS
placement between BTS and palliation, and thus, our analysis
contains both BTS and palliation cases. Furthermore, as de-
scribed earlier, the DPC database does not contain the patients’
detailed condition such as performance status, which may affect
the strategy of treating OCC. Although we performed a

Table 5 Multivariate analysis† of the association among clinical factors and in-hospital death

Clinical factors

Number of patients
(before propensity
score matching)

Stoma creation

Odds ratio 95% CI P value

Sex Male: 9242 1 0.0068
Female: 8126 0.86 0.79–0.96

Age categories ≥ 80 years: 6000 1
70–79 years: 5053 1.20 1.07–1.35 0.0024
60–69 years: 4118 1.26 1.11–1.43 0.0005
50–59 years: 1457 1.08 0.91–1.29 0.38
≤ 49 years: 740 1.13 0.89–1.43 0.31

BMI classification Overweight: 2178 1.04 0.90–1.21 0.58
Normal: 10 245 1
Underweight: 3773 1.01 0.90–1.13 0.90

Smoking history Yes: 5373 1.03 0.92–1.15 0.60
No: 11 995 1

Academic hospital Yes: 843 1.21 1.00–1.48 0.048
No: 16 525 1

Charlson comorbidity index score (2 or more points) Yes: 5120 1.09 0.98–1.21 0.12
No: 12 248 1

T classification T2: 981 0.82 0.66–1.01 0.065
T3: 7052 1
T4: 6027 1.27 1.14–1.12 < 0.0001
TX: 5223 1.38 1.15–1.67 0.0007

N classification N0: 6385 1
N1: 5016 1.02 0.91–1.15 0.68
N2: 2303 1.09 0.93–1.27 0.29
N3: 416 1.70 1.26–2.30 0.0005
NX: 3198 2.28 1.86–2.79 < 0.0001

M classification M0: 11 100 1
M1: 4258 1.57 1.39–1.78 < 0.0001
MX: 2010 0.70 0.56–0.87 0.0014

Intervention Stent placement: 9525 1 < 0.0001
Surgery: 7843 58.9 51.4–67.5

Disease location Right-sided: 5523 0.17 0.16–0.19 < 0.0001
Left-sided: 11 845 1

†Logistic regression analysis.
BMI, body mass index; CI, confidence interval.
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propensity score-matched analysis, we could not fully adjust
the patient deviation. However, our results demonstrated that
SEMS placement could contribute to decrease in mortality rate,
whether the case is BTS or palliation. Although there are sev-
eral limitations in this study, our results indicate that when both
SEMS placement and urgent surgery are suitable for OCC,
SEMS placement might be better than urgent surgery.
In conclusion, SEMS placement for OCC might reduce the mor-

tality in short-term and stoma creation rates and shorten the length
of hospitalization. These results facilitate considering SEMS with
careful judgment for its indication when we treat OCC. Further in-
vestigations are warranted.
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