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Introduction: Obstruction in colon cancer is a well-known risk factor for worse oncologic
outcomes. However, studies on differences in survival of patients with incomplete
obstructive colon cancer (IOCC) by tumor location are insufficient. Thus, the aim of this
study was to compare oncologic outcomes between IOCC and non-obstructive colon
cancer (NOCC) according to tumor location.

Methods: From January 2010 to December 2015, a total of 2,004 patients diagnosed
with stage II or stage III colon adenocarcinoma who underwent elective colectomy were
included (IOCC, n = 405; NOCC, n = 1,599). Incomplete obstruction was defined as a
state in which colonoscopy could not pass through the cancer lesion but did not require
emergent surgery, stent insertion, or stoma formation because the patient was
asymptomatic without problem in bowel preparation. Kaplan–Meier method and log-
rank tests were used to compare survival between IOCC and NOCC. Multivariable
analysis was performed to determine which factors affected survivals.

Results: Stage III IOCC patients showed significantly lower overall survival (OS) and
recurrence-free survival (RFS). Stage II IOCC patients and stage III NOCC patients had
similar survival curves. IOCC patients with tumors on the right side showed worse OS than
other patients. In multivariable analysis, incomplete obstruction was an independent risk
factor for worse OS and RFS in all stages. Tumor located at the right side in stage III was
an independent risk factor for RFS (HR: 1.40, p = 0.030).

Conclusions: Patients with IOCC showed significantly worse survival outcomes than
those with NOCC. Stage II IOCC patients and stage III NOCC patients showed similar
survival. Patients with stage III IOCC located at the right side showed significantly worse
oncologic outcomes than those located at the left side. These results confirm that
prognosis is different depending on the presence of incomplete obstruction and the
location of the tumor, even in the same stage.
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INTRODUCTION

Obstruction is presented in approximately 10% to 29% of
colorectal cancer cases. It is the most common cause of large
intestinal obstruction (1–3). Patients with acute complete
obstructive colon cancer (OCC) need emergent colectomy
with or without anastomosis, colonic stent insertion, or
primary stoma formation. Surgery under this emergent
condition is associated with increased morbidity and
mortality, affecting survival outcomes (4–6). Moreover,
complete obstruction by colorectal cancer is associated with
worse survival (3, 7–9). However, studies so far have only
analyzed or included an acute obstructive condition that
needs instant treatment. Studies on survival of patients with
incomplete obstructive colon cancer (IOCC), which does not
need instant treatment for resolving obstruction, are
insufficient. Studies comparing oncologic outcomes between
right-sided and left-sided OCC are also scarce. Some studies
have reported that right-sided OCC has a worse prognosis
than left-sided OCC (10–12). However, other studies have
shown no differences in oncologic outcome between left-side
and right-side OCCs (13, 14). Accordingly, the aim of this
study was to compare oncologic outcomes of IOCC patients
with those of non-obstructive colon cancer (NOCC) patients.
Differences in outcomes between right-sided and left-sided
IOCC were also determined.
MATERIALS AND METHODS

From January 2010 to December 2015, 7,288 patients who
underwent surgery for primary colorectal cancer in Samsung
Medical Center (SMC) were identified. Patients who were
diagnosed with rectal cancer; who were not diagnosed with
adenocarcinoma, stage II and III; who had hereditary colon
diseases and multiple colon cancer; who underwent preoperative
chemotherapy and emergent surgery; who had cancer
peroration; and who had colonic stent placed or formed a
stoma for obstructive colon cancer before radical colectomy
were excluded. A total of 2,004 patients were included and
analyzed in this study (Figure 1).

Information on age, sex, body mass index (BMI), American
Society of Anesthesiologists (ASA) score, preoperative
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), carcinoembryonic antigen (CEA), carbohydrate antigen
19-9 (CA 19-9) level, and tissue samples after colectomy was
collected. All patients underwent colectomy without stoma
formation. Several pathologists evaluated all specimens. Stages
were classified according to the American Joint Committee on
Cancer (AJCC) 8th guidelines (15). Data on any postoperative
complications were collected. Among them, data on Clavien–
Dindo classification (CDC) (16, 17) grade 3 (needing surgical,
endoscopic, or radiological intervention) or higher were collected
with anastomosis leakage data separately. Anastomosis leakage
was defined as any condition showing the presence of an abscess
around the anastomosis or anastomosis site dehiscence identified
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on imaging examination. Readmission data within 30 days after
surgery were also collected.

Adjuvant chemotherapy was performed based on the
National Comprehensive Cancer Network (NCCN) guidelines.
If patients refused, routine follow-up was performed. Follow-up
examinations included serum CEA level, abdomen and chest CT,
and colonoscopy. Usually, follow-up started 2 weeks after the
discharge date and was performed every 3 months for the first 3
years and every 6 months until 5 years after that. However, if
patients wanted to revisit after 5 years of follow-up, additional
follow-up was performed. Moreover, if recurrence was suspected,
follow-up could be shortened and further evaluation
was performed.

Group was initially divided into IOCC and NOCC.
Incomplete obstruction was defined as a state in which
colonoscopy could not pass through the cancer lesion but did
not require emergent surgery, stent insertion, or stoma
formation because the patient was asymptomatic without
problem in bowel preparation. Subgroup analysis was
performed by tumor location (left colon vs. right colon). The
ascending colon to the mid-transverse colon was included in the
right colon. The distal transverse colon to the rectosigmoid colon
was included in the left colon.

All statistical analyses were performed using SPSS version
27.0 (SPSS Inc., Chicago, IL, USA). A p-value of less than 0.05
was considered statistically significant. Except for the
preoperative CRP (missing value of 12.7%) and ESR (missing
value of 11.3%), all other data missing values were less than 2%,
and any missing data were omitted and the remaining data were
analyzed. Comparison of baseline characteristics was performed
using c2 test or Fisher’s exact test for categorical variables.
Continuous variables were compared using Student’s t-test and
Mann–Whitney test after checking normality of data with the
Shapiro–Wilk test. Survival was analyzed with the Kaplan–Meier
method and log-rank test. Univariable and multivariable
analyses were performed using Cox proportional-hazards (PH)
regression analysis to determine which factors affected survival.
Variables that showed significance in univariable Cox PH
regression analysis were entered into a multivariable Cox PH
regression analysis using the backward elimination method. This
study was approved by the Institutional Review Board of SMC
(Approval number: SMC 2021-06-041).
RESULTS

A total of 2,004 patients pathologically diagnosed with stage II or III
colon cancer who underwent elective colectomy for IOCC or
NOCC from 2010 to 2015 were included in this study (IOCC,
n = 405; NOCC, n = 1,599). Baseline characteristics of subjects with
IOCC or NOCC are shown in Table 1. Preoperative median ESR
and CRP levels were higher in the IOCC group [ESR: 34 (range, 2–
120)mm/h vs. 25 (range, 2–120)mm/h, p < 0.001; CRP: 0.28 (range,
0.03–13.53) mg/dl vs. 0.12 (range, 0.02–34.12) mg/dl, p < 0.001].
More patients showed elevated CEA (over 5 ng/ml) and CA 19-9
(over 37 ng/ml) levels in the IOCC group (elevated CEA: 30.4% vs.
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16.8%, p < 0.001; elevated CA: 19-9, 15.3% vs. 7.8%, p < 0.001). The
IOCC group had more open surgery cases (23.2% vs. 11.5%, p <
0.001), longer mean operative time (150.79 ± 55.32 min vs. 143.63 ±
46.70 min, p = 0.017), and more blood loss (115.55 ± 108.00 ml vs.
97.48 ± 82.54 ml, p = 0.002). Although the proportion of left colon
cancer was higher in the IOCC group than in the NOCC group, the
difference was not statistically significant (60.5% vs. 57.5%, p =
0.281, Table 1).

In pathologic results, patients with IOCC showed bigger
tumor size (5.96 ± 2.12 cm vs. 4.54 ± 2.09 cm, p < 0.001), more
serosal exposure tumors (T4: 27.2% vs. 14.9%, p < 0.001), and
more moderately (MD) and poorly differentiated (PD)
adenocarcinomas (MD+PD: 83.0% vs. 76.5%, p = 0.006).
However, there was no statistical significance in nodal status
(p = 0.139) or tumor-nodal-metastasis (TNM) stage (p = 0.713)
between the two groups. Lymphatic invasion and high
microsatellite instability (MSI) status were not significantly
different between IOCC and NOCC groups (both p > 0.05),
Frontiers in Oncology | www.frontiersin.org 3
but perineural invasion (40.7% vs. 30.3%, p < 0.001), vascular
invasion (18.3% vs. 13.1%, p = 0.007), and positive tumor
budding (62.0% vs. 55.7%, p = 0.022) were more common in
IOCC than in NOCC. Any morbidity (18.8% vs. 14%, p = 0.017)
and morbidity ≥ CDC grade 3 (6.7% vs. 3.4%, p = 0.003) were
more common in IOCC. There was no significant difference in
anastomotic leakage (p = 0.596) between the two groups.
Furthermore, there was no significant difference in the
proportion of patients receiving adjuvant chemotherapy
(overall: 67.9% vs. 68.3%; stage II: 43.6% vs. 40.5%; stage III:
87.2% vs. 91.2%, all p > 0.05). However, the recurrence rate was
higher in the IOCC group (20.2% vs. 10.4%, p < 0.001),
although there was no statistically significant difference in the
recurrence pattern (p = 0.621, Table 2).

Sub-Analysis of IOCC by Tumor Location
Of 405 IOCC patients, 245 had left colon cancer and 160 had
right colon cancer. Preoperative ESR and CRP were higher in the
FIGURE 1 | Flowchart of the study indicating the inclusion and exclusion criteria.
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right colon cancer group [ESR: 40 (range, 3–120) mm/h vs. 28.5
(range, 2–120) mm/h, p < 0.001; CRP: 0.41 mg/dl vs. 0.23 mg/dl,
p = 0.023]. More patients showed elevated CA 19-9 level (over 37
ng/ml) in the right IOCC group (23.8% vs. 9.8%, p < 0.001).
However, the proportion of patients who showed elevated CEA
level (over 5 ng/ml) did not differ between left and right colon
cancer groups (p = 0.216, Table 3). Results of comparing
postoperative outcomes between right and left IOCC groups
are shown in Table 4. Right colon cancer showed bigger tumor
size (6.61 ± 2.36 cm vs. 5.54 ± 1.83 cm, p < 0.001), more T4
cancer (35.0% vs. 22.0%, p = 0.006), more MSI high tumor
(18.4% vs. 4.1%, p < 0.001), and higher recurrence rate (26.3% vs.
16.3%, p = 0.015). However, there were no significant differences
in nodal status, stage, or risk factors such as lymphatic invasion,
vascular invasion, perineural invasion, or positive tumor
budding (all p > 0.05, Table 4).

Comparison of Overall Survival
Between IOCC and NOCC by Stage and
Tumor Location
The total median follow-up period was 68.6 (range, 0.1–128.8)
months, and follow-up loss occurred in 18.6% of patients. Stage
III IOCC patients showed significantly lower survival, while stage
II IOCC patients and stage III NOCC patients had similar
survival curves (5-year OS: 93.0% for stage II IOCC, 96.0% for
stage II NOCC, 79.2% for stage III IOCC, 91.2% for stage III
NOCC, p < 0.001, Figure 2A). In a sub-analysis by tumor
location, there was no significant difference in survival for
stage II (p = 0.181, Figure 3A). However, for stage III, right
IOCC patients showed worse overall survival than other patients
Frontiers in Oncology | www.frontiersin.org 4
(5-year OS: 65.2% for right IOCC, 88.9% for left IOCC, 89.1% for
right NOCC, 92.5% for left NOCC, p < 0.001, Figure 3B).

In multivariable Cox regression analysis of stage II colon
cancer, incomplete obstruction was an independent risk factor
for worse OS (HR: 1.86, 95% CI: 1.03–3.37, p = 0.040). Elevated
CEA levels and postoperative complication were also
independent risk factors (CEA level, HR: 2.02, 95% CI: 1.10–
3.70, p = 0.023; morbidity, HR: 2.73, 95% CI: 1.54–4.83, p =
0.001). Age over 60 years was also a strong risk factor (HR: 12.87,
95% CI: 4.00–41.44, p < 0.001).

For stage III, incomplete obstruction was also an independent
risk factor for worse OS (HR: 1.51, 95% CI: 1.06–2.14, p = 0.022).
Age over 60 years (HR: 2.79, 95% CI: 1.87–4.16, p < 0.001),
elevated CA 19-9 level (HR: 2.23, 95% CI: 1.51–3.31, p < 0.001),
N2 nodal status (HR: 1.48, 95% CI: 1.03–2.13, p = 0.035),
moderately differentiated feature (HR: 2.62, 95% CI: 1.21–5.71,
p = 0.015), poorly differentiated feature (HR: 2.63, 95% CI: 1.02–
6.78, p = 0.045), vascular invasion (HR: 1.81, 95% CI: 1.25–2.64,
p = 0.002), and not undergoing or completing adjuvant
chemotherapy (HR: 3.82, 95% CI: 2.53–5.77, p < 0.001) were
other risk factors of overall survival (Table 6). However, tumor
location was not an independent factor affecting overall survival
for any stage (Tables 5, 6).

Comparison of Recurrence-Free Survival
between IOCC and NOCC by Stage and
Tumor Location
The RFS curve showed a similar pattern to the OS curve. Stage
III IOCC patients had significantly lower RFS than other
patients, while similar survival was found for stage II IOCC
TABLE 1 | Baseline characteristics of incomplete obstructive colon cancer (IOCC) and non-obstructive colon cancer (NOCC).

Total (n = 2,004) IOCC (n = 405) NOCC (n = 1599) p-value

Age, years
<60 years
≥60 years

900 (44.9%)
1,104 (55.1%)

170 (42.0%)
235 (58.0%)

730 (45.7%)
869 (78.7%)

0.184

Sex
Male
Female

1,098 (54.8%)
906 (45.2%)

214 (52.8%)
191 (47.2%)

884 (55.3%)
715 (44.7%)

0.377

BMI, (range), kg/m2 23.46 (15.00–44.06) 23.00 (15.02–36.00) 23.72 (15.00–44.06) <0.001
ASA score
1
2
3

710 (35.4%)
1,216 (60.7%)
78 (3.9%)

152 (37.5%)
238 (58.8%)
15 (3.7%)

558 (34.9%)
978 (61.2%)
62 (3.9%)

0.706

Preoperative ESR
(range), mm/h

26 (2–120) 34 (2–120) 25 (2–120) <0.001

Preoperative CRP (range), mg/dl 0.14 (0.02–34.12) 0.28 (0.03–13.53) 0.12 (0.02–34.12) <0.001
Preoperative CEA ≥5 ng/ml 391 (19.5%) 123 (30.4%) 268 (16.8%) <0.001
Preoperative CA 19-9 ≥37 ng/ml 187(9.3%) 62 (15.3%) 125 (7.8%) <0.001
Tumor location
Right
Left

839 (41.9%)
1,165 (58.1%)

160 (39.5%)
245 (60.5%)

679 (42.5%)
920 (57.5%)

0.281

Surgical technique
Open
MIS*

278 (13.9%)
1,726 (86.1%)

94 (23.2%)
311 (76.8%)

184 (11.5%)
1,415 (88.5%)

<0.001

Operative time, mean ± SD, min 145.07 ± 48.64 150.79 ± 55.32 143.63 ± 46.70 0.017
Amount of blood loss, mean ± SD, ml 01.13 ± 88.54 115.55 ± 108.00 97.48 ± 82.54 0.002
June 2022 | Volume 12 | Article
SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CEA, carcinoembryonic
antigen; CA 19-9, carbohydrate antigen 19-9; MIS, minimally invasive surgery.
*This includes hand-assisted laparoscopy, total laparoscopy, and robotic surgery.
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and stage III NOCC (5-year RFS: 85.4% for stage II IOCC,
92.5% for stage II NOCC, 71.5% for stage III IOCC, 86.0% for
stage III NOCC, p < 0.001, Figure 2B). In a sub-analysis by
tumor location, there was a difference in RFS according to the
presence of incomplete obstruction, not the location of the
tumor, in patients with stage II cancer (5-year RFS: 85.6% for
right IOCC, 85.3% for left IOCC, 93.5% for right NOCC, 91.5%
for left NOCC, p = 0.023, Figure 3C). For stage III, right IOCC
patients showed significantly worse RFS (5-year RFS: 60.4% for
right IOCC, 78.9% for left IOCC, 85.0% for right NOCC, and
86.7% for left NOCC, p < 0.001, Figure 3D).

In multivariable Cox regression analysis of stage II colon
cancer, incomplete obstruction was an independent risk factor
for worse RFS (HR: 1.84, 95% CI: 1.13–2.99, p = 0.014). Elevated
CEA level (HR: 1.81, 95% CI: 1.09–3.01, p = 0.021), T4
adenocarcinoma (HR: 2.17, 95% CI: 1.26–3.75, p = 0.005), and
MSI low/microsatellite stable (MSS) tumors (HR: 10.17, 95% CI:
1.41–73.18, p = 0.021) were also independent risk factors for
worse RFS. However, tumor location did not independently
affect RFS (Table 5).

Incomplete obstruction was also an independent risk factor
for worse RFS in stage III (HR: 1.69, 95% CI: 1.22–2.34, p =
0.002). Elevated CA 19-9 level (HR: 1.92, 95% CI: 1.31–2.81, p =
0.001), N2 nodal status (HR: 1.60, 95% CI: 1.16–2.21, p = 0.004),
Frontiers in Oncology | www.frontiersin.org 5
perineural invasion (HR: 1.67, 95% CI: 1.22–2.27, p = 0.001),
vascular invasion (HR: 1.66, 95% CI: 1.19–2.31, p = 0.003), and
not undergoing or completing adjuvant chemotherapy (HR: 3.06,
95% CI: 2.05–4.58, p < 0.001) were other risk factors. For stage III
RFS, right side tumor location was an independent risk factor
(HR: 1.40, 95% CI: 1.03–1.91, p = 0.030, Table 6).
DISCUSSION

Instant management is needed for acute complete OCC (COCC).
Recommended treatments are different according to tumor
location (1, 2, 4–6, 18, 19). According to 2017 WSES
guidelines on colon cancer obstruction, for right COCC, right
colectomy with primary anastomosis is a preferred treatment
option (18). However, for left COCC, colectomy with or without
primary anastomosis, endoscopic colonic stent insertion by self-
expanding metallic stents (SEMS), tube decompression, and
stoma formation are all possible options. The present study
only analyzed patients with incomplete obstruction who did
not require emergent management. All patients had undergone
elective colectomy with primary anastomosis. Overall
postoperative complications and CDC grade 3 or higher
complications were more frequent in IOCC than in NOCC.
TABLE 2 | Postoperative outcomes of incomplete obstructive colon cancer (IOCC) and non-obstructive colon cancer (NOCC).

Total (n = 2,004) IOCC (n = 405) NOCC (n = 1,599) p-value

Tumor size, mean ± SD, cm 4.83 ± 2.17 5.96 ± 2.12 4.54 ± 2.09 <0.001
Cell differentiation
WD
MD/PD

445 (22.2%)
1,559 (77.8%)

69 (17.0%)
336 (83.0%)

376 (23.5%)
1,223 (76.5%)

0.006

TNM stage
Stage II
Stage III

902 (45.0%)
1,102 (55.0%)

179 (44.2%)
226 (55.8%)

723 (45.2%)
876 (54.8%)

0.713

T classification
T1/T2
T3
T4

145 (7.2%)
1,510 (75.4%)
349 (17.4%)

3 (0.7%)
292 (72.1%)
110 (27.2%)

142 (8.9%)
1218 (76.2%)
239 (14.9%)

<0.001

N classification
N0
N1
N2

902 (45.0%)
784 (39.1%)
318 (15.9%)

179 (44.2%)
149 (36.8%)
77 (19.0%)

723 (45.2%)
635 (39.7%)
241 (15.1%)

0.139

Harvested lymph node (range), n 21 (2–74) 23 (5–74) 21 (2–24) <0.001
Lymphatic invasion 793 (39.6%) 172 (42.6%) 621 (38.9%) 0.176
Perineural invasion 646 (32.4%) 165 (40.7%) 481 (30.3%) <0.001
Vascular invasion 282 (14.2%) 74 (18.3%) 208 (13.1%) 0.007
Positive tumor budding 1,137 (56.9%) 251 (62.0%) 886 (55.7%) 0.022
MSI-H 164 (8.3%) 39 (9.7%) 125 (7.9%) 0.243
Postoperative complication
CDC ≥ grade 3
Anastomotic leakage

300 (15.0%)
82 (4.1%)
29 (1.5%)

76 (18.8%)
27 (6.7%)
7 (1.7%)

224(14.0%)
55 (3.4%)
22 (1.4%)

0.017
0.003
0.596

Length of stay, mean ± SD, day 7.36 ± 8.93 7.77 ± 4.49 7.25 ± 9.73 0.295
Readmission 70 (3.5%) 17 (4.2%) 53 (3.3%) 0.387
Adjuvant chemotherapy
Stage II
Stage III

1,367 (68.2%)
371 (41.1%)
996 (90.4%)

275 (67.9%)
78 (43.6%)
197 (87.2%)

1,092 (68.3%)
293 (40.5%)
799 (91.2%)

0.880
0.458
0.066

Recurrence
Systemic
Local
Combined

248 (12.4%)
22 (8.9%)

216 (87.1%)
10 (4.0%)

82 (20.2%)
9 (11.0%)
69 (84.1%)
4 (4.9%)

166 (10.4%)
13 (7.8%)

147 (88.6%)
6 (3.6%)

<0.001
0.621
June 2022 | Volume 12 | Article
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However, there was no mortality case. There were no significant
differences in readmission within 30 days or length of hospital
stays between the two groups. This meant that there was no
significant increase in hospitalization, readmission, or mortality,
although the IOCC group had a high rate of postoperative
complications. Moreover, anastomosis leakage rates did not
differ significantly between the two groups. Therefore, for
IOCC, regardless of the tumor location, colectomy with
primary anastomosis can be an appropriate treatment
procedure without increasing mortality or severe complications
caused by primary anastomosis such as anastomotic leakage.

Many studies have shown that obstructive colon cancer has a
poor prognosis (3, 7–9). According to NCCN guidelines (20),
obstruction in stage II colon cancer is a high-risk factor and an
indication of adjuvant chemotherapy. In our study, stage II
IOCC showed similar overall and recurrence-free survival
curves to stage III NOCC, with stage III IOCC showing a
significantly lower survival rate. Furthermore, incomplete
colon obstruction at all stages was an independent risk factor
for worse OS and RFS in multivariable analysis. Our study
showed that incomplete obstruction was a definitive factor
affecting prognosis. Patients with incomplete obstruction had
worse prognoses in stages 2 and 3 than those without incomplete
obstruction. However, since COCC patients were not included in
this study, it was not confirmed whether COCC and IOCC had
the same survival rate, making it difficult to say whether they
should be regarded as the same risk factors. Moreover, in this
study, we could not find out whether chemotherapy helped
improve survival of patients with stage II IOCC because we did
not analyze the difference in survival following chemotherapy
Frontiers in Oncology | www.frontiersin.org 6
administration for stage II IOCC without other risk factors due
to the small sample size. Therefore, further study on this is
needed. Nevertheless, results of our study confirmed that the
prognosis of IOCC was poor. This is meaningful in that it can
provide more accurate information on prognosis of
IOCC patients.

We also sub-analyzed characteristics and survivals according
to tumor location to find any differences by tumor side. Some
studies have investigated whether there are oncologic differences
between left-sided and right-sided obstructive colon cancer.
Frago et al. have compared proximal and distal obstructive
colon cancer and reported that tumor location does not
influence the prognosis after curative surgery (13). However,
Mege et al. have reported that patients with right-sided OCC
have significantly lower 5-year OS and RFS than those with left-
sided OCC (OS: 43% for right-sided OCC vs. 53% for left-sided
OCC, p < 0.0001; RFS: 36% for right-sided OCC vs. 46% for left-
sided OCC, p = 0.001) (11). However, the present study did not
show a significant difference in OS or RFS by tumor location for
stage II. On the other hand, for stage III colon cancer patients,
right-sided IOCC showed significantly lower survival than left-
sided IOCC. In multivariable analysis, right side tumor location
TABLE 3 | Baseline characteristics of incomplete obstructive colon cancer
(IOCC) by tumor location.

Left colon
(n = 245)

Right colon
(n = 160)

p-value

Age, years
<60 years
≥60 years

111 (45.3%)
134 (54.7%)

59 (36.9%)
101 (63.1%)

0.093

Sex
Male
Female

135 (55.1%)
110 (44.9%)

79 (49.4%)
81 (50.6%)

0.259

BMI, median (range), kg/m2 23 (15.4–36) 23 (15.0–32.7) 0.633
ASA score
1
2
3

100 (40.8%)
135 (55.1%)
10 (4.1%)

52 (32.5%)
103 (64.4%)
5 (3.1%)

0.179

Preoperative ESR (range), mm/h 28.5 (2–120) 40 (3–120) <0.001
Preoperative CRP (range), mg/dl 0.23 (0.03–13.53) 0.41 (0.03–9.55) 0.023
Preoperative CEA ≥5 ng/ml 80 (32.7%) 43 (26.9%) 0.216
Preoperative CA19-9 ≥37 ng/ml 24 (9.8%) 38 (23.8%) <0.001
Surgical technique
Open
MIS*

52 (21.2%)
193 (78.8%)

42 (26.3%)
118 (73.8%)

0.242

Operative time, mean ± SD, min 145.04 ± 48.76 159.61 ± 63.24 0.009
Amount of blood loss,
mean ± SD, ml

108.24 ± 87.82 126.47 ± 132.12 0.127
SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists;
ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CEA, carcinoembryonic
antigen; CA 19-9, carbohydrate antigen 19-9; MIS, minimally invasive surgery.
*This includes hand-assisted laparoscopy, total laparoscopy, and robotic surgery.
TABLE 4 | Postoperative outcomes of incomplete obstructive colon cancer
(IOCC) by tumor location.

Left colon
(n = 245)

Right colon
(n = 160)

p-value

Tumor size, mean ± SD, cm 5.54 ± 1.83 6.61 ± 2.36 <0.001
Cell type
WD
MD/PD

38 (15.5%)
207 (84.5%)

31 (19.4%)
129 (80.6%)

0.312

TNM stage
Stage II
Stage III

108 (44.1%)
137 (55.9%)

71 (44.4%)
89 (55.6%)

0.954

T classification
T1/T2
T3
T4

3 (1.2%)
188 (76.7%)
54 (22.0%)

0 (0%)
104 (65.0%)
56 (35.0%)

0.006

N classification
N0
N1
N2

108 (44.1%)
90 (36.7%)
47 (19.2%)

71 (44.4%)
59 (36.9%)
30 (18.8%)

0.994

Harvested lymph node (range), n 21 (5–74) 27 (7–56) <0.001
Lymphatic invasion 101 (41.2%) 71 (44.7%) 0.496
Perineural invasion 108 (44.1%) 57 (35.6%) 0.090
Vascular invasion 42 (17.1%) 32 (20.1%) 0.449
Positive tumor budding 144(58.8%) 107(66.9%) 0.101
MSI-H 10 (4.1%) 29 (18.4%) <0.001
Postoperative complication
CDC ≥ grade 3
Anastomotic leakage

42 (17.1%)
15 (6.1%)
5 (2.0%)

34 (21.3%)
12 (7.5%)
2 (1.3%)

0.301
0.587
0.708

Length of stay, mean ± SD, day 7.59 ± 3.88 8.05 ± 5.30 0.312
Readmission 9 (3.7%) 8 (5.0%) 0.515
Adjuvant chemotherapy
Stage II
Stage III

169 (69.0%)
45 (41.7%)
124 (90.5%)

106 (66.3%)
33 (46.5%)
73 (82.0%)

0.565
0.630
0.097

Recurrence
Systemic
Local
Combined

40 (16.3%)
4 (10.0%)
35 (87.5%)
1 (2.5%)

42 (26.3%)
5 (11.9%)
34 (81.0%)
3 (7.1%)

0.015
0.801
June 2022 | V
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SD, standard deviation; WD, well-differentiated; MD, moderately differentiated; PD, poorly
differentiated; MSI-H, microsatellite instability-high; CDC, Clavien–Dindo classification.
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was also an independent risk factor for RFS, but not OS, in stage
III colon cancer. These results indicate that the location of the
tumor might have a sufficient impact on the survival of IOCC
patients with lymph node metastasis, showing worse outcomes
for right-sided tumors than for left-sided tumors.
Frontiers in Oncology | www.frontiersin.org 7
This study has some limitations. First, there may be bias in the
analysis because there were relatively fewer IOCC patients (n =
405) included compared to NOCC patients (n = 1599). Second,
as mentioned above, it did not include complete obstruction,
making it hard to know differences in survival between complete
A B

FIGURE 2 | Overall survival and recurrence-free survival between IOCC and NOCC by stage. (A) Overall survival by obstruction status and stage. (B) Recurrence-
free survival by obstruction status and stage.
A

B D

C

FIGURE 3 | Overall survival and recurrence-free survival between stage II and stage III IOCC and NOCC by tumor location. (A) Overall survival of stage II colon
cancer by obstruction status and tumor location. (B) Overall survival of stage III colon cancer by obstruction status and tumor location. (C) Recurrence-free survival
of stage II colon cancer by obstruction status and tumor location. (D) Recurrence-free survival of stage III colon cancer by obstruction status and tumor location.
June 2022 | Volume 12 | Article 914299
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TABLE 5 | Univariable and multivariable Cox regression analysis of overall survival and recurrence-free survival of stage II colon cancer.

Recurrence-free survival

U riable analysis Multivariable analysis

HR 5% CI p-value HR 95% CI p-value

1.91 2–3.22 0.005 1.84 1.13–2.99 0.014
1.03 6–1.15 0.176
13.69 8–1.69 0.759
0.80 9–2.00 0.336
0.40 6–1.13 0.122
2.21 5–3.40 0.005 1.81 1.09–3.01 0.021
2.21 6–3.11 0.369
3.41 8–2.25 0.484
1.03 9–1.10 0.791
1.78 7–4.33 0.001 2.17 1.26–3.75 0.005
1.79 1–1.94 0.768
0.94 8–2.58 0.140
1.07 5–2.75 0.329
1.52 3–2.02 0.682
0.87 0–1.98 0.318
1.02 3–3.32 0.941
1.28 0–1.98 0.318
3.24 7–76.16 0.019 10.17 1.41–73.18 0.021
2.40 6–1.64 0.873

ntigen 19-9; WD, rosatellite stable.

of overall su

Recurrence-free survival

ariable analysis Multivariable analysis

HR 95% CI p-value HR 95% CI p-value

2.45 .57–2.95 <0.001 1.69 1.22–2.34 0.002
1.68 .06–1.92 0.021 1.40 1.03–1.91 0.030
3.46 .08–1.98 0.014 1.21 0.87–1.67 0.253
1.17 .55–1.01 0.055
0.40 .44–0.95 0.027 0.78 0.52–1.15 0.208
1.80 .88–1.76 0.216
3.02 .71–3.56 <0.001 1.92 1.31–2.81 0.001
1.40 .75–1.69 0.565
1.15 .00–1.14 0.051
2.23 .58–35.51 0.149
4.14 .78–39.98 0.088
15.51 20–114.13 0.006
2.12 .45–2.66 <0.001 1.60 1.16–2.21 0.004
1.27 .57–1.52 0.785
3.96 .06–2.84 0.028 1.38 0.81–2.36 0.241
6.57 .58–5.85 0.001 1.82 0.89–3.72 0.103
1.42 .95–1.76 0.105
1.63 .34–2.45 <0.001 1.67 1.22–2.27 0.001
1.99 .52–2.84 <0.001 1.66 1.19–2.31 0.003
1.62 .12–2.23 0.009 1.17 0.82–1.68 0.394
0.96 .55–2.27 0.759
5.50 .85–4.07 <0.001 3.06 2.05–4.58 <0.001

ntigen 19-9; WD, rosatellite stable.
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Reference

Incomplete obstruction N Y
Tumor location Lt. Rt.
Age <60 ≥60
Sex Female Male
Surgical technique Open MIS
Preoperative CEA <5 ≥5
Preoperative CA19-9 <37 ≥37
Postoperative complication N Y
Tumor size
Pathologic T classification T3 T4
Harvested LNs <12 ≥12
Cell differentiation WD MD

PD
Lymphatic invasion N Y
Perineural invasion N Y
Vascular invasion N Y
Tumor budding N Y
MSI status High Low/MSS
Adjuvant chemotherapy completion Y N

MIS, minimally invasive surgery; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate a

TABLE 6 | Univariable and multivariable Cox regression analysis

Reference

Incomplete obstruction N Y
Tumor location Lt. Rt.
Age <60 ≥60
Sex Female Male
Surgical technique Open MIS
Preoperative CEA <5 ≥5
Preoperative CA19-9 <37 ≥37
Postoperative complication N Y
Tumor size
Pathologic T category T1 T2

T3
T4

Pathologic N category N1 N2
Harvested LNs <12 ≥12
Cell differentiation WD MD

PD
Lymphatic invasion N Y
Perineural invasion N Y
Vascular invasion N Y
Tumor budding N Y
MSI status High Low/MSS
Adjuvant chemotherapy completion Y N

MIS, minimally invasive surgery; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate a
Overall survival

ariable analysis Multivariable analysis Univa

95% CI p-value HR 95% CI p-value HR 9

.06–3.45 0.032 1.86 1.03–3.37 0.040 1.99 1

.59–1.78 0.926 0.73 0
.26–43.99 <0.001 12.87 4.00–41.44 < 0.001 1.07 0
.46–1.39 0.435 1.26 0
.22–0.73 0.003 0.69 0.36–1.33 0.270 0.64 0
.21–4.04 0.010 2.02 1.10–3.70 0.023 2.06 1
.97–4.91 0.051 1.43 0
.93–6.03 <0.001 2.73 1.54–4.83 0.001 1.24 0
.91–1.16 0.626 0.99 0
.86–3.65 0.118 2.53 1
.87–3.68 0.114 0.89 0
.28–3.18 0.915 1.50 0
.21–2.20 0.512 0.37 0
.78–2.96 0.223 1.13 0
.42–1.79 0.704 1.29 0
.25–4.22 0.973 1.05 0
.74–2.23 0.379 1.26 0
.79–13.35 0.103 10.59 1.
.25–4.58 0.008 1.64 0.85–3.16 0.137 1.04 0

ll-differentiated; MD, moderately differentiated; PD, poorly differentiated; MSI, microsatellite instability; MSS, mic

val and recurrence-free survival of stage III colon cancer.

Overall survival

variable analysis Multivariable analysis Univ

95% CI p-value HR 95% CI p-value HR

1.74–3.44 <0.001 1.51 1.06–2.14 0.022 2.15
1.19–2.30 0.003 1.05 0.72–1.51 0.815 1.42
2.36–5.07 <0.001 2.79 1.87–4.16 <0.001 1.46
0.84–1.63 0.351 0.75
0.28–0.58 <0.001 0.64 0.43–0.93 0.021 0.65
1.26–2.56 0.001 0.95 0.64–1.40 0.780 1.25
2.07–4.41 <0.001 2.23 1.51–3.31 <0.001 2.47
0.92–2.11 0.114 1.13
1.07–1.23 <0.001 1.07 0.97–1.17 0.185 1.07
0.26–19.08 0.464 1.16 0.13–9.93 0.895 4.55 0
0.57–29.83 0.159 1.42 0.19–10.39 0.729 5.57 0
.16–111.58 0.006 3.58 0.48–26.46 0.211 15.86 2
1.53–2.95 <0.001 1.48 1.03–2.13 0.035 1.97
0.79–2.04 0.320 0.93
1.85–8.48 <0.001 2.62 1.21–5.71 0.015 1.74
2.68–16.12 <0.001 2.63 1.02–6.78 0.045 3.04
1.00–2.00 0.048 0.96 0.66–1.40 0.833 1.29
1.18–2.27 0.003 1.26 0.87–1.82 0.216 1.81
1.41–2.80 <0.001 1.81 1.25–2.64 0.002 2.08
1.11–2.37 0.012 1.00 0.67–1.51 0.983 1.58
0.47–1.95 0.902 1.12
3.76–8.04 <0.001 3.82 2.53–5.77 <0.001 2.74

ll-differentiated; MD, moderately differentiated; PD, poorly differentiated; MSI, microsatellite instability; MSS, mic
niv
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obstruction and incomplete obstruction. Liu et al. (21) have
compared short-term and long-term outcomes between
incomplete and complete left-sided malignant obstruction
cases. There was no significant difference in survival between
IOCC and COCC groups in their study. However, since their
study only included left-sided tumors, it was difficult to assess
whether survival was different for those with right-sided colon
cancer. Further studies that compare survivals between right-
sided IOCC and COCC are needed. Third, since our hospital is a
tertiary hospital, most patients who visited our hospital usually
received colonoscopy at a primary or secondary healthcare
hospital . In addition, various physicians performed
colonoscopy. Due to these characteristics, it is challenging to
evaluate obstruction objectively as many physicians who have
performed colonoscopy have different abilities. Their ability to
pass through obstruction might also be different. Moreover, the
degree of difficulty of performing colonoscopy may vary
depending on the location of the tumor, such as hepatic
flexure colon cancer, which may be a limitation in evaluating
the oncologic outcomes according to the tumor location.
However, the strength of this study was that it only included
non-emergent obstructive colon cancer cases. Thus, morbidities
in an emergent situation would not affect survival (4–6).

In conclusion, patients with IOCC showed significantly worse
survival outcomes than those with NOCC. In addition, stage III
right-sided IOCC patients showed significantly worse oncologic
outcomes than left-sided colon cancer patients or right-sided
NOCC patients. Based on these results, we can inform patients
that the prognosis is different depending on the presence of
Frontiers in Oncology | www.frontiersin.org 9
incomplete obstruction and the location of the tumor, even in the
same stage. However, further studies are needed to determine
whether chemotherapy can help improve the prognosis of
patients with IOCC, especially stage II.
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