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Abstract

BACKGROUND
Stenting as a bridge to curative surgery (SBTS) for obstructing colon cancer (OCC)
has been associated with possibly worse oncological outcomes.

AIM
To evaluate the recurrence patterns, survival outcomes, and colorectal cancer
(CRC)-specific death in patients undergoing SBTS for OCC.

METHODS

Data from 62 patients undergoing SBTS at a single tertiary centre over ten years
between 2007 and 2016 were retrospectively examined. Primary outcomes were
recurrence patterns, overall survival (OS), cancer-specific survival (CSS), and
CRC-specific death. OS and CSS were estimated using the Kaplan-Meier curves.
Competing risk analysis with cumulative incidence function (CIF) was used to
estimate CRC-specific mortality with other cause-specific death as a competing
event. Fine-Gray regressions were performed to determine prognostic factors of
CRC-specific death. Univariate and multivariate subdistribution hazard ratios and
their corresponding Wald test P values were calculated.

RESULTS

28 patients (45.2%) developed metastases after a median period of 16 mo. Among
the 18 patients with single-site metastases: Four had lung-only metastases (14.3%),
four had liver-only metastases (14.3%), and 10 had peritoneum-only metastases
(35.7%), while 10 patients had two or more sites of metastatic disease (35.7%). The
peritoneum was the most prevalent (60.7%) site of metastatic involvement
(17/28). The median follow-up duration was 46 mo. 26 (41.9%) of the 62 patients
died, of which 16 (61.5%) were CRC-specific deaths and 10 (38.5%) were deaths
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owing to other causes. The 1-, 3-, and 5-year OS probabilities were 88%, 74%, and 59%; 1-, 3-, and
5-year CSS probabilities were 97%, 83%, and 67%. The highest CIF for CRC-specific death at 60 mo
was liver-only recurrence (0.69). Liver-only recurrence, peritoneum-only recurrence, and two or
more recurrence sites were predictive of CRC-specific death.

CONCLUSION

The peritoneum was the most common metastatic site among patients undergoing SBTS. Liver-
only recurrence, peritoneum-only recurrence, and two or more recurrence sites were predictors of
CRC-specific death.

Key Words: Obstructing colon cancer; Colorectal cancer; Endoscopic stenting; Competing risk analysis;
Survival; Recurrence; Peritoneal metastasis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is the first retrospective study with a 10-year period using the competing risk analysis of
cumulative incidence function to evaluate survival and estimate colorectal cancer (CRC)-specific death
based on the Fine-Gray model in patients undergoing stenting as a bridge to curative surgery (SBTS) for
obstructing colon cancer (OCC). The duration of this study allows a thorough examination of the long-
term oncological outcomes of SBTS, survival rates, recurrence patterns, and prognostic factors
contributing to CRC-specific death. Our results showed that liver-only recurrence, peritoneum-only
recurrence, and more than two recurrence sites are significantly associated with poor survival and
prognostic factors for CRC-specific death in patients undergoing SBTS for OCC.

Citation: Chok AY, Zhao Y, Lim HJ, Ng YYR, Tan EJKW. Stenting as a bridge to surgery in obstructing colon
cancer: Long-term recurrence pattern and competing risk of mortality. World J Gastrointest Endosc 2023; 15(2):
64-76

URL: https://www.wjgnet.com/1948-5190/full/v15/i2/64.htm

DOI: https://dx.doi.org/10.4253/wjge.v15.i2.64

INTRODUCTION

Colorectal cancer (CRC) ranks as the second most prevalent malignant neoplasm and the third leading
cause of cancer-related death worldwide[1]. Malignant bowel obstruction at presentation can occur in
approximately 8% to 25% of CRC patients[2-4]. Emergency surgery is the conventional treatment for
acute malignant colonic obstruction but is often associated with substantial morbidity (40%-60%),
mortality (15%-34%) rates, worse oncological outcomes, and higher rates of stoma formation[5-7]. Since
the 1990s, self-expanding metal stents (SEMS) have been accepted and increasingly utilized for
palliation of malignant colorectal obstruction, as well as stenting as a bridge to curative surgery (SBTS),
as a feasible alternative to emergency surgery[8-14].

Despite the fact that SEMS had been reported to have relatively high technical success rates between
70.1% and 91.9%, and clinical success rates of 69.0% to 71.7%, SBTS with curative intent remains
debatable primarily due to possibly worse oncological outcomes[15,16]. Stent-related tumour perfor-
ations and subclinical micro-perforations may result in tumour dissemination and seeding, hence likely
increasing the risk of recurrence. The effects of tumour perforation, silent stent-related micro-
perforation, and the potential risks of tumour seeding on recurrence and survival have been reported
[17]. Moreover, among patients with CRC recurrence, comorbidities such as cardiovascular and
pulmonary diseases typically compete with CRC as the cause of death. To date, however, no studies
have investigated the long-term oncological effects of SBTS on CRC-specific death under the competing
risk of other cause-specific death.

This study aimed to evaluate the recurrence patterns, survival outcomes, and CRC-specific death in
patients undergoing SBTS for obstructing colon cancer (OCC). The traditional Kaplan-Meier survival
function would filter non-CRC related mortality rather than recognizing that patients dying from other
causes are no longer at risk of CRC-specific death and consequently skew the results without
considering competing risks[18]. Similarly, covariate effects in the cause-specific Cox regression model
refer exclusively to CRC-specific death without considering how covariates could influence competing
risk events[19]. Therefore, competing risk analysis with cumulative incidence function (CIF) was used in
this study to estimate the probability of CRC-specific death over time, treating other cause-specific
death as a competing risk. The covariate effects of clinical characteristics and recurrence patterns on the
CIF for CRC-specific death were analysed with the Fine-Gray model[20].
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MATERIALS AND METHODS

Patient selection

Our institutional review board approved this study (IRB No. 2017/2481). 114 consecutive patients
underwent SBTS for OCC over ten years from 2007 to 2016 at Singapore General Hospital. All patients
underwent computed tomography (CT) scans of the abdomen and pelvis at presentation, and OCC was
confirmed clinically and radiologically. Full-staging CT scans were performed at the time of diagnosis
or within 30 days of presentation. Data from 62 patients with non-metastatic OCC who underwent SBTS
were analysed after excluding patients with stage IV disease at diagnosis and those with endoscopic
stenting deployment for anastomotic recurrence.

Data collection

Clinical, histopathological, biochemical, and oncological data were collected from our electronic health
record system (Sunrise Clinical Manager version 5.8, Eclipsys Corp., Atlanta, GA, United States). Patient
demographics, clinical and surgical characteristics, and recurrence patterns were analysed. Follow-up
data included time to recurrence and date and cause of death. After CRC resection with curative intent,
all patients were considered for adjuvant chemotherapy consisting of capecitabine and oxaliplatin. The

protocol for clinical management and postoperative surveillance has been established in an earlier study
[13].

Survival analysis and competing risk analysis

Overall survival (OS) and cancer-specific survival (CSS) were estimated using the Kaplan-Meier curves.
OS is defined as the elapsed time from the date of diagnosis to the date of death or last follow-up, while
CSS is defined as the elapsed time from the date of diagnosis to the date of death from CRC. Clinical
variables correlated with CRC-specific death were categorized and included in the competing risk
analysis. Cumulative incidence function (CIF) was applied to account for the competing event, with
other cause-specific mortality treated as a competing risk for CRC-specific mortality. CIF of death by
each level of prognostic covariates was estimated and tabulated. CIF curves of CRC-specific death and
other cause-specific death were estimated and visualized. The Fine-Gray competing risk model, which is
based on the subdistribution hazard ratio (SHR), was used to examine the probabilities of CRC-specific
death and other cause-specific[20]. Univariate and multivariate SHR and their corresponding Wald test
P values were calculated. The Fine-Gray regression is a multivariate time-to-event model considering
that a person can only experience one of the two competing events. This model also considers censoring
among patients who experienced no events throughout the follow-up duration.

Statistical analysis

All statistical analyses were performed in R statistical software (version 4.2.1). Results were presented as
median (range) for continuous variables and count (percentage) for categorical variables. Statistical
significance was set at P value < 0.05.

RESULTS

Patients, disease, and surgical outcomes

There were 62 patients with OCC undergoing SBTS with curative intent. None of them had distant
metastases at presentation. 57 patients had successful stenting procedures. On the same day, one stent
technical failure and one stent perforation required emergency surgery. Three patients had post-stenting
minimal bowel decompression and were operated on within 48 h.

Patient demographics and clinicopathological information are summarized in Table 1. The median
age was 70 (range: 37-90) years. 87.1% of the patients were ASA classification I-II. 75.8% of tumours
were T3 staging, whereas 22.6% were T4 staging. 95.2% of tumours were moderately differentiated
adenocarcinoma. Only three tumours (4.8%) had a mucinous component. 19.4% of patients had at least
one extra-nodal tumour deposit. The median time to elective CRC resection was 10 (range: 5-23) d.
Laparoscopic approach was performed in 46.8% of the cases, while three cases were converted to open
surgery. During the elective surgery, one patient was discovered to have a sealed perforation at the
stented tumour site. The postoperative complication rate was 21%, and 30-day and 90-day mortality
rates were 1.6% and 3.2%, respectively. One patient sustained an anastomotic leak and died 12 d after
surgery, while the second succumbed to pneumonia 46 days after surgery. Postoperative adjuvant
chemotherapy was given to 50% of patients.

Recurrence pattern

Percentages of metastases status, recurrence patterns, and peritoneal involvement are shown in
Figure 1. During the study period, 28 patients (45.2%) developed metastases (Figure 1A). The median
time to detection of metastases was 16 (range: 3-69) mo. Among the 18 patients with single-site
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Table 1 Demographics and clinicopathological characteristics of 62 patients undergoing stenting as a bridge to curative surgery for

obstructing colon cancer

Variables n=62
Age (yr, median [range]) 70.0 [37.0, 90.0]
Sex
Female 25 (40.3)
Male 37 (59.7)
ASA classification
I 11 (17.7)
)| 43 (69.4)
I 8(12.9)
I\Y% 0(0.0)

Diabetes mellitus

No 50 (80.6)
Yes 12 (19.4)
Albumin (g/dL)
Median [range] 3.65[1.90, 4.60]
>3.0 52 (83.9)
<3.0 10 (16.1)
CEA (ug/L)
Median [range] 5.75[0.95, 84.4]
<53 28 (45.2)
253 34 (54.8)

Tumour location

Rectosigmoid 8 (12.9)

Sigmoid 26 (41.9)
Descending 17 (27.4)
Splenic flexure 11 (17.7)

Tumour staging

T2 1(1.6)
T 47 (75.8)
T4 14 (22.6)

Nodal involvement

NO 27 (43.5)
N1 23 (37.1)
N2 12 (19.4)

Tumour differentiation

Well differentiated 2(3.2)
Moderately differentiated 59 (95.2)
Poorly differentiated 1(1.6)
Histology
Adenocarcinoma 59 (95.2)
Mucinous adenocarcinoma 3(4.8)
WJGE | https://www.wjgnet.com 67 February 16,2023 | Volume15 | Issue2 |

JBaishideng®



Chok AY et al. Recurrence pattern and CRC-specific mortality

Tumour deposit(s)
No 50 (80.6)
Yes 12 (19.4)
Microscopic margin involvement (R1 resection)
No 58 (93.5)
Yes 4 (6.5)
Perineural infiltration
No 40 (64.5)
Yes 22 (35.5)
Lymphovascular invasion
No 43 (69.4)
Yes 19 (30.6)
Pericolic microabscess
No 54 (87.1)
Yes 8 (12.9)

Stent failure

No 57 (91.9)

Yes 5(8.1)
Surgical approach

Open 33 (53.2)

Laparoscopic 29 (46.8)

Stoma formation

No 58 (93.5)

Yes 4 (6.5)
Adjuvant chemotherapy

No 31 (50.0)

Yes 31 (50.0)

Perioperative major complication(s)
No 58 (93.5)
Yes 4 (6.5)
Postoperative 30 d mortality
No 61 (98.4)
Yes 1(1.6)
Postoperative 90 d mortality
No 60 (96.8)

Yes 2(3.2)

Values are presented as median [range] or number (%). ASA: American Society of Anaesthesiologists; CEA: Carcinoembryonic antigen.

metastases: Four had lung-only metastases (14.3%), four had liver-only metastases (14.3%), and 10 had
peritoneum-only metastases (35.7%); while another 10 patients had two or more sites of metastatic
disease (35.7%; Figure 1B). The peritoneum was the most prevalent site of metastatic involvement, with
17 out of 28 patients (60.7%) having peritoneal involvement (Figure 1C).

Survival and CRC-specific mortality
The median follow-up duration was 46 (range: 0-154) mo. 26 (41.9%) of the 62 patients died, with 16
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Figure 1 Metastases status and recurrence pattern. A: Percentages of metastases status; B: Recurrence pattern; C: Peritoneal involvement in 62 patients
after endoscopic stenting followed by curative resection.
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(61.5%) deaths attributable to CRC and 10 (38.5%) deaths owing to other causes. The 1-, 3-, and 5-year
OS probabilities were 88%, 74%, and 59% (Figure 2A), while the 1-, 3-, and 5-year CSS probabilities were
97%, 83%, and 67% (Figure 2B). CIF curves for CRC-specific death under the competing risk of other
cause-specific death are shown in Figure 3. The CIF curve for CRC-specific death climbed steadily and
continuously, whereas the CIF curve for other-cause specific death climbed rapidly from 0 to 13 mo and
subsequently steadied. This result suggests that most deaths unrelated to CRC occurred earlier after
SBTS, between 0 and 13 mo. At 12-, 36-, and 60-month after endoscopic stenting followed by curative
surgery, the CIF for CRC-specific death was 0.03, 0.16, and 0.29, whereas the CIF for other cause-specific
death was 0.08, 0.10, and 0.12. CIF estimates for CRC-specific death by potential risk factors at 12, 36,
and 60 mo are shown in Table 2. The highest CIF value at 60 mo was seen at liver-only recurrence (0.69),
followed by peritoneum-only recurrence (0.65), lymphovascular invasion (0.64), > 2 sites of recurrences
(0.63), and T4 staging (0.62). The Fine-Gray regression of modelling SHR that corresponded to the CIF
for CRC-specific death is displayed in Table 3. Poor differentiation and lymphovascular invasion (LVI)
were strongly associated with CRC-specific death on univariate analysis, with SHR of 2.67 (95%CI: 1.50-
4.76, P < 0.001) and 3.99 (95%CI: 1.55-10.3, P = 0.004) respectively. Liver-only recurrence, peritoneum-
only recurrence, and 2 2 sites of recurrences were adverse prognostic factors on both univariate and
multivariate analyses. Lung-only recurrence was not statistically significantly associated with CRC-
specific death in our study (P = 0.570).

DISCUSSION

The use of SBTS in OCC offers advantages, including minimally invasive resection, reduced periop-
erative complications, and lower stoma formation rates. However, wider-scale adoption of this
approach remains limited owing to worse oncological outcomes. To the best of our knowledge, this is
the first study reporting the long-term recurrence pattern and competing risk analysis to evaluate CRC-
specific death among this group of patients.

Successful bowel decompression after SEMS deployment permits not only the optimisation of
comorbidities, hydration, and nutrition but also complete staging and assessment for synchronous
cancers[21]. 46.8% of the patients underwent laparoscopic CRC resection, which has been associated
with reduced postoperative discomfort, lower incidence of infectious complications, and attenuated
immune response to surgery. The stoma formation rate of 6.5% in our study was close to the rate of 4.3%
reported in another multi-centre retrospective study[22]. Moreover, our overall morbidity and mortality
rates compare favourably against other similar cohorts[17,23]. Although the short-term outcomes of
SEMS, including successful primary anastomosis and decreased morbidity and mortality rates, have
been well established in several randomised controlled trials, controversy remains regarding their long-
term oncological effects and impact on tumour recurrence[24-28].

A randomised study published in 2011 comparing 15 patients in the SBTS group vs 13 patients in the
upfront emergency surgery group, reported a higher recurrence rate in the SBTS group (53.3% vs 15.4%,
P = 0.055) after a mean follow-up of 37.6 mo, although the overall survival rates were similar between
the two groups[24]. In our study, 45.2% of the patients (28/62) developed metastases after a median
period of 16 mo. A clear predominance of 60.7% (17/28) in peritoneal metastatic involvement was
observed among the 28 patients. Furthermore, 36% of these patients (10/28) had two or more sites of
metastases, upon detection of recurrence during the follow-up period. The adverse oncological
repercussions among patients with OCC treated with SBTS are clear. While stent-related tumour
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Table 2 Cumulative incidence of colorectal cancer-specific death by potential risk factors after endoscopic stenting followed by

curative resection

CRC-specific death (mo)
Variable
12 36 60

Age

<70yr 0.00 0.22 0.37

>70 yr 0.06 0.10 0.21
Sex

Female 0.04 0.27 0.45

Male 0.03 0.09 0.20
Stent failure

No 0.04 0.15 0.31

Yes 0.00 0.25 0.25
Surgical approach

Open 0.06 0.16 0.22

Laparoscopic 0.00 0.15 0.40
T4 staging

No 0.04 0.14 0.18

Yes 0.00 0.23 0.62
N2

No 0.02 0.13 0.26

Yes 0.09 0.27 0.36
Tumour deposit(s)

No 0.04 0.13 0.26

Yes 0.00 0.28 0.40
Microscopic margin involvement (R1 resection)

No 0.04 0.15 0.29

Yes 0.00 0.25 0.25
Histology

Adenocarcinoma 0.02 0.15 0.29

Mucinous adenocarcinoma 0.33 0.33 0.33
Poorly differentiated

No 0.03 0.16 0.30

Yes 0.00 0.00 0.00
Perineural infiltration

No 0.05 0.08 0.17

Yes 0.00 0.30 0.52
Lymphovascular invasion

No 0.02 0.10 0.10

Yes 0.06 0.30 0.64
Pericolic microabscess

No 0.04 0.14 0.29

Yes 0.00 0.29 0.29
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Albumin (g/dL)

23.0 0.02 0.15 0.26

<3.0 0.10 0.21 0.56
CEA (ug/L)

<53 0.00 0.13 0.22

253 0.06 0.18 0.35
ASA classification

/1 0.02 0.12 0.28

I 0.13 0.38 0.38
Diabetes mellitus

No 0.04 0.13 0.28

Yes 0.00 0.25 0.35
Perioperative major complication(s)

No 0.04 0.15 0.29

Yes 0.00 - -
Adjuvant chemotherapy

No 0.03 0.07 0.21

Yes 0.03 0.24 0.37
Lung-only recurrence

No 0.04 0.16 0.28

Yes 0.00 0.13 0.34
Liver-only recurrence

No 0.04 0.12 0.24

Yes 0.00 0.38 0.69
Peritoneum-only recurrence

No 0.00 0.07 0.12

Yes 0.12 0.38 0.65
> 2 sites of recurrences

No 0.04 0.10 0.23

Yes 0.00 0.44 0.63

CRC: Colorectal cancer; ASA: American Society of Anaesthesiologists; CEA: Carcinoembryonic antigen.

Jaishideng®
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perforation can result in intraperitoneal seeding of tumour cells, the radial expansion of the obstructing
tumour caused by SEMS might promote tumour cell migration, elevating the risk of systemic metastasis
[29,30]. Subclinical micro-perforations among these patients may contribute to tumour dissemination
and seeding, thereby increasing the risk of peritoneal recurrence.

Recurrence, together with the presence and degree of lymph node metastasis, and LVI, are well-
known prognostic factors influencing CRC survival. In our study, 41.9% of the patients died after SBTS,
with 61.5% of deaths attributable to CRC. Our cohort’s 5-year OS rate of 59% is comparable to similar
patients undergoing SBTS reported by a previous study (5-year OS: 60%)[31]. The CRC-specific
mortality was measured against the competing risk of other cause-specific mortality. The factors with
the highest CIF (at 60 mo) of CRC-specific mortality were liver-only recurrence, followed by
peritoneum-only recurrence, LVI, > 2 sites of recurrences, and T4 staging. Liver-only recurrence,
peritoneum-only recurrence, and > 2 sites of recurrences were highly associated with CRC-specific
mortality on both univariate and multivariate Fine-Gray regressions. Lung metastases were not
associated with poor survival and CRC-specific death in our study.

Our findings are consistent with other studies, which have shown that CRC patients with liver
metastases had considerably worse survival[32]. In addition, patients with peritoneal metastases had
very limited survival, with only a median of 12 mo with systemic chemotherapy[33]. LVI has also been
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Table 3 Fine-Gray regression analysis for colorectal cancer-specific death under the competing risk of other cause-specific death

CRC-specific death
Variable Univariate Multivariate
SHR (95%Cl) Pvalue SHR (95%Cl) P value
Age>70yr 0.84 (0.33, 2.15) 0.710
Sex (Male) 0.49 (0.19, 1.28) 0.150
Laparoscopic surgery 1.28 (0.49, 3.33) 0.610
Stent failure 0.58 (0.06, 5.51) 0.630
T4 staging 1.23 (0.97,1.57) 0.088
N2 2.44 (0.88, 6.75) 0.086
Tumour deposit(s) 2.02 (0.74, 5.56) 0.170
Microscopic margin involvement (R1 resection) 1.68 (0.58, 4.84) 0.340
Mucinous components 3.35(0.72, 15.5) 0.120
Poorly differentiated 2.67 (1.50, 4.76) <0.001 1.11 (0.32, 3.83) 0.870
Perineural infiltration 2.34 (0.89, 6.17) 0.086
Lymphovascular invasion 3.99 (1.55, 10.3) 0.004 1.98 (0.61, 6.49) 0.260
Pericolic microabscess 1.12 (0.25, 5.04) 0.880
Albumin <3.0 g/dL 1.36 (0.38, 4.90) 0.640
CEA 253 ug/L 2.45 (0.80, 7.53) 0.120
ASA classification III 1.10 (0.68, 1.80) 0.700
Diabetes mellitus 2.02 (0.75, 5.49) 0.170
Perioperative major complication(s) 1.26 (0.16, 9.78) 0.820
Adjuvant chemotherapy 1.37 (0.54, 3.46) 0.500
Lung-only recurrence 0.69 (0.19, 2.51) 0.570
Liver-only recurrence 4.25(0.98, 18.4) 0.049 41.0 (5.01, 336) <0.001
Peritoneum-only recurrence 4.53 (1.79, 11.5) 0.001 23.2 (2.92,185) 0.003
2 2 sites of recurrences 1.96 (1.19, 3.23) 0.008 5.28 (1.80, 15.4) 0.002

CRC: Colorectal cancer; SHR: Subdistribution hazard ratio; CI: Confidence interval; ASA: American Society of Anaesthesiologists; CEA: Carcinoembryonic
antigen.

identified as an independent risk factor associated with decreased 5-year survival rates in CRC patients
[34]. The prognosis for patients with LVI-positive tumours is poorer than those with LVI-negative
tumours[35]. Furthermore, the prognostic heterogeneity in metastatic CRC is mainly attributable to
primary tumour characteristics, the number of metastatic sites, and the pattern of metastasis, partic-
ularly peritoneal involvement, which portends a worse prognosis[36-38]. Survival probabilities are
drastically reduced with multiple metastatic sites and the presence of peritoneal metastases. Our results
highlight a substantial proportion of peritoneal metastatic disease developing among patients treated
with SBTS, with the presence of peritoneum-only recurrence strongly associated with CRC-specific
mortality.

The main limitations of this study are its retrospective nature and the relatively small cohort size.
Nevertheless, the long-term recurrence and survival outcomes reported should offer a note of caution in
the routine use of SBTS among patients with OCC. Future randomised comparative studies may be able
to further evaluate the oncological impact of this treatment strategy.

CONCLUSION

The peritoneum was the most common metastatic site among patients undergoing SBTS for OCC. Liver-
only recurrence, peritoneum-only recurrence, and two or more recurrence sites were predictors of CRC-
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Figure 2 Kaplan-Meier survival curves. A: Overall survival; B: Cancer-specific survival in 62 patients after endoscopic stenting followed by curative resection.
CRC: Colorectal cancer; OS: Overall survival; CSS: Cancer-specific survival; Cl: Confidence interval.
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Figure 3 Cumulative incidence function curves. Cumulative incidence of time to death for colorectal cancer (CRC)-specific death and other cause-specific

death in 62 patients after endoscopic stenting followed by curative resection. The red curve indicates CRC-specific death, and the blue curve shows other cause-
specific death. CRC: Colorectal cancer.

specific death.

ARTICLE HIGHLIGHTS

Research background

Stenting as a bridge to curative surgery (SBTS) for obstructing colon cancer (OCC) has been associated
with concerns regarding long-term oncological outcomes.

Research motivation

While SBTS may be associated with worse oncological outcomes, there are other competing risks that
can affect colorectal cancer (CRC)-specific mortality among patients with OCC.
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Research objectives
To evaluate the long-term oncological effects, recurrence patterns, survival outcomes, and CRC-specific
mortality in patients who underwent SBTS for OCC.

Research methods

This study retrospectively examined long-term data from 62 patients who underwent SBTS at our
institution over ten years from 2007 to 2016. CRC-specific mortality was evaluated by the competing risk
analysis with cumulative incidence function. Fine-Gray analyses were performed to identify prognostic
factors of CRC-specific mortality.

Research results

28 of 62 patients developed metastases after a median of 16 mo, with the peritoneum being the most
prevalent (60.7%) metastatic site. In 46 mo of median follow-up, 26 (41.9%) patients died, of which 16
(61.5%) were CRC-specific deaths. Liver-only recurrence, peritoneum-only recurrence, and two or more
recurrence sites were determined to be prognostic factors of CRC-specific mortality.

Research conclusions

The peritoneum was the most prevalent metastatic site among patients who underwent SBTS for OCC
in this study. CRC-specific mortality most likely occurred in patients with liver-only recurrence,
peritoneum-only recurrence, or two or more recurrence sites.

Research perspectives
The long-term recurrence pattern and factors contributing to CRC-specific mortality were reported.
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