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INTRODUCTION
The incidence of splenic flexure colon cancer (SFCC) is 

less than 10% of all colorectal cancers. It has a relatively 
poor prognosis in advanced stages and with obstructive 

presentations because of its late detection compared to other 
colon cancers [1-4].

For this reason, research on the prognosis and surgical 
outcomes for SFCC is rare. And there is only limited evidence 
for established surgical procedures or the extent of resection for 
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Purpose: Splenic flexure colon cancer (SFCC) is a rare disease that accounts for 2%–8% of colorectal cancers, and 
the extent of surgery and resection is still debatable. There have also been few studies on the safety and feasibility of 
laparoscopic surgery for SFCC. The purpose of this study is to evaluate outcomes and prognoses of surgery for SFCC. 
Methods: We included patients with stage 1 to 3 who had undergone laparoscopic surgery for distal transverse-to-sigmoid 
colon cancer at 2 hospitals from March 2004 to December 2016 and collected data by retrospective design. We defined 
SFCC as being cancer between distal transverse and proximal descending colon. The short- and long-term outcomes 
of the anterior resection (AR) group (those patients who had undergone laparoscopic AR for mid and distal descending 
to sigmoid colon cancer) and the left colon resection (LR) group (those who had undergone laparoscopic segmental left 
colectomy for SFCC) were compared using propensity score matching.
Results: The median follow-up period was 60 months. The numbers of subjects in the AR and the LR groups were 948 and 
118. After 2:1 propensity score matching, 236 vs. 118 patients were selected. There was no significant difference in 5-year 
disease-free survival (80.7% vs. 78.6%, P = 0.607), and both the 5-year overall survival (89.2% vs. 88.2%, P = 0.563) as well 
as short-term outcomes showed no statistical difference in most of the variables. 
Conclusion: Laparoscopic segmental left colectomy can be one option among the standard procedures for SFCC.
[Ann Surg Treat Res 2021;101(5):274-280]
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SFCC. One study about approaching SFCC surgically reported 
that there is no difference in long-term outcomes regardless 
of the procedure used: (1) extended right colectomy, (2) left 
colectomy (ligation of the inferior mesenteric artery [IMA] and 
the left branch of the middle colic artery), or (3) segmental left 
colectomy (ligation of the left colic artery and left branch of the 
middle colic artery) [1]. Another paper reported that in cases of 
descending colon cancer, the group without IMA ligation has no 
difference in survival rates as compared to the ligation group [5].

The purpose of this study is to demonstrate the oncologic 
safety of segmental left colectomy for SFCC. The molecular 
biology of these tumors is almost the same from distal 
transverse-to-sigmoid colon because they all originate in the 
hindgut [6-8]. Therefore, we compared the long-term outcome of 
laparoscopic segmental left colectomy for SFCC and laparoscopic 
anterior resection (AR) for mid to distal descending and sigmoid 
colon cancer.

In addition, surgery for SFCC is technically challenging as 
compared to surgeries done for colon cancer in other sites. 
There is not sufficient evidence on whether laparoscopic 
surgery for SFCC is safe and feasible. Therefore, to demonstrate 
the technical safety and feasibility of laparoscopic segmental 
left colectomy for SFCC, we compared it with laparoscopic AR 
for mid to distal descending and sigmoid colon cancer.

METHODS
In this study, SFCC is defined as cancer located from the 

distal third of transverse colon to the proximal third of the 
descending colon [1-3]. We retrospectively analyzed a total of 
1,066 consecutive patients who had undergone laparoscopic 
segmental left colectomy for primary SFCC (left colon resection 
[LR] group, n = 118) and laparoscopic AR for primary mid to 
distal descending and sigmoid colon cancer (AR group, n = 
948) between March 2004 and December 2016 at St. Vincent 
Hospital and Incheon St. Mary’s Hospital, affiliated with 
The Catholic University of Korea. Exclusion criteria were as 
follows: (1) stage IV colon cancer, (2) double primary cancer, 
(3) nonadenocarcinoma, and (4) emergent surgery such as 

obstruction or perforation.
Five experienced laparoscopic colorectal surgeons performed 

all surgeries. In both procedures, 5 trocars were used in a 
medial-to-lateral approach. Umbilical extension was done to 
extract the specimens. In all cases of mid to distal descending 
and sigmoid colon cancer, the surgeons performed laparoscopic 
AR with high ligation of the IMA. Mobilization of the splenic 
flexure colon was performed selectively for tension-free 
anastomosis. In most cases, the anastomosis was done by the 
end-to-end method using a double stapling technique. For SFCC, 
laparoscopic segmental left colectomy was performed. The 
origins of the left colic artery and the left branch of the middle 
colic artery were ligated (Fig. 1). The anastomosis method was 
at the surgeons’ discretion.

R software ver. 4.0.0 (R Foundation for Statistical Computing, 
Vienna, Austria) was utilized as a statistical tool. Independent 
t-test, chi-square test, and Fisher effect test were adjusted for 
statistical analysis. The P-values of <0.05 were considered to 
be significant. The propensity score matching (PSM) method 
was used to reduce bias in retrospective research in which we 
were unable to conduct a randomized control study [9]. The 
propensity score was calculated by implementing bivariate 
logistic stress. The PSM was performed for both the AR and LR 
groups using the nearest neighbor method on a 2:1 proportion. 
Variables considered for matching included age, sex, body mass 
index, American Society of Anesthesiologists physical status 
classification, CEA level (more than 5 ng/mL or none), history of 
previous abdominal surgery, stent insertion, en bloc resection, 
R0 resection, tumor size, T stage, N stage, TNM stages, 
lymphatic invasion, vascular invasion, perineural invasion, 
tumor grade, and adjuvant chemotherapy. After matching, 
statistical analysis was used to compare the 2 groups using 
the same method. Primary outcomes were 5-year disease-free 
survival (DFS) and 5-year overall survival (OS). Survival analysis 
utilized the Kaplan-Meier graph. Secondary outcomes were 
short-term outcomes.

The study’s protocol was reviewed and approved by the 
Institutional Review Board of St. Vincent Hospital and Incheon 
St. Mary’s Hospital (No. XC20RIDI0032) and the informed 
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Fig. 1. Laparoscopic segmental left colectomy procedure. (A) Ligation of left colic artery. (B) Ligation of middle colic artery left 
branch. (C) Laparoscopic segmental left colectomy specimen. 
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consent was waived.

RESULTS
Out of the total 1,066 patients, the AR group accounted for 

948 and the LR group accounted for 118. After a 2:1 PSM, the 
AR group had 236 and the LR group had 118. Table 1 shows 
the patients’ demographics and cancer characteristics. Before 
PSM, there were significant differences in age (64.2 years vs. 
59.8 years, P < 0.001), rate of stent insertion (9.7% vs. 21.2%, 
P < 0.001), rate of adjuvant chemotherapy (54.7% vs. 66.9%, P 
= 0.015), and tumor grade (P = 0.001). However, after PSM, 
there was no significant difference between the 2 groups. The 

en bloc resected organs in the AR group consisted of bladder 
(3 cases), retroperitoneal fat (2 cases), abdominal wall (1 case), 
and ovary (1 case). In the LR group, they were stomach (1 case), 
retroperitoneal fat (1 case), and abdominal wall (1 case).

Table 2 shows the operative data. After PSM, the LR group 
operation time was longer than in the AR group (173.7 minutes 
vs. 209.3 minutes, P < 0.001). And the LR group had a higher 
hand-sewn anastomosis ratio than did the AR group (0.8% vs. 
33.9%, P < 0.001). The intraoperative complications in the AR 
group were stapler failure (4 cases) and injury of adjacent organ 
(5 cases: spleen, pancreas, descending colon, marginal artery, 
and ureter) and in LR groups, they were bleeding (2 cases) and 
adjacent organ injury (6 cases: 4 transverse colon, 1 jejunum, 

Table 1. Patients’ demographics and cancer characteristics

Variable
Before propensity score matching After propensity score matching

AR group LR group P-value AR group LR group P-value

No. of patients 849 118 236 118
Sex 0.134 0.907
   Male 481 (56.7) 76 (64.4) 149 (63.1) 76 (64.4)
   Female 368 (43.3) 42 (35.6) 87 (36.9) 42 (35.6)
Age (yr) 64.2 ± 11.8 59.8 ± 12.6 <0.001 60.3 ± 12.2 59.8 ± 12.6 0.703
Body mass index (kg/m2) 24.2 ± 3.3 23.7 ± 3.0 0.098 23.4 ± 3.2 23.7 ± 3.0 0.421
ASA PS classification >0.999 >0.999
   I–II 809 (95.3) 112 (94.9) 223 (94.5) 112 (94.9)
   III 40 (4.7) 6 (5.1) 13 (5.5) 6 (5.1)
CEA (>5 ng/mL) 260 (30.6) 33 (28.0) 0.630 61 (25.8) 33 (28.0) 0.766
Operation history 192 (22.6) 27 (22.9) >0.999 55 (23.3) 27 (22.9) >0.999
Stent insertion 82 (9.7) 25 (21.2) <0.001 50 (21.2) 25 (21.2) >0.999
Adjuvant chemotherapy 464 (54.7) 79 (66.9) 0.015 157 (66.5) 79 (66.9) >0.999
En bloc resection 45 (5.3) 3 (2.5) 0.286 7 (3.0) 3 (2.5) >0.999
R0 resection 846 (99.6) 118 (100) >0.999 236 (100) 118 (100) >0.999
Tumor size (cm) 4.3 ± 2.2 4.8 ± 2.6 0.085 4.8 ± 2.4 4.8 ± 2.6 0.945
T stage 0.088 0.063
   1 105 (12.4) 20 (16.9) 31 (13.1) 20 (16.9)
   2 116 (13.7) 8 (6.8) 31 (13.1) 8 (6.8)
   3 515 (60.7) 70 (59.3) 151 (64.0) 70 (59.3)
   4 113 (13.3) 20 (16.9) 23 (9.7) 20 (16.9)
N stage 0.310 0.964
   0 502 (59.1) 63 (53.4) 123 (52.1) 63 (53.4)
   1 212 (25.0) 30 (25.4) 63 (26.7) 30 (25.4)
   2 135 (15.9) 25 (21.2) 50 (21.2) 25 (21.2)
Stage 0.428 0.956
   1 181 (21.3) 25 (21.2) 47 (19.9) 25 (21.2)
   2 321 (37.8) 38 (32.2) 76 (32.2) 38 (32.2)
   3 347 (40.9) 55 (46.6) 113 (47.9) 55 (46.6)
Lymphatic invasion 330 (38.9) 48 (40.7) 0.782 96 (40.7) 48 (40.7) >0.999
Vascular invasion            74 (8.7) 11 (9.3) 0.965 21 (8.9) 11 (9.3) >0.999
Neural invasion             174 (20.5) 33 (28.0) 0.083 60 (25.4) 33 (28.0) 0.701
Tumor grade         0.001 0.484
   1–2 842 (99.2) 112 (94.9) 229 (97.0) 112 (94.9)
   3–4 7 (0.8) 6 (5.1) 7 (3.0) 6 (5.1)

Values are presented as number only, number (%), or mean ± standard deviation.
AR, anterior resection; LR, left colon resection; ASA, American Society of Anesthesiologists; PS, physical status.
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Table 4. Details in morbidity

Variable
Before propensity score matching After propensity score matching

AR group (n = 849) LR group (n = 118) P-value AR group (n = 236) LR group (n = 118) P-value

Anastomotic leakage 8 (0.9) 0 (0) 0.605 1 (0.4) 0 (0) >0.999
Ileus 25 (2.9) 11 (9.3) 0.002 2 (0.8) 11 (9.3) <0.001
Incisional SSI 9 (1.1) 4 (3.4) 0.103 3 (1.3) 4 (3.4) 0.345
Organ space SSI 2 (0.2) 1 (0.8) 0.813 1 (0.4) 1 (0.8) >0.999
Major bleeding 2 (0.2) 0 (0) >0.999 1 (0.4) 0 (0) >0.999
Minor bleeding 20 (2.4) 1 (0.8) 0.474 2 (0.8) 1 (0.8) >0.999
Anastomotic bleeding 5 (0.6) 1 (0.8) >0.999 1 (0.4) 1 (0.8) >0.999
Other complication 57 (6.7) 7 (5.9) 0.903 14 (5.9) 7 (5.9) >0.999

Values are presented as number (%). 
AR, anterior resection; LR, left colon resection; SSI, surgical site infection.

Table 2. Operative data

Variable

Before propensity score matching After propensity score matching

AR group  
(n = 849)

LR group  
(n = 118) P-value AR group  

(n = 236)
LR group  
(n = 118) P-value

Operation time (min) 174.8 ± 73.8 209.3 ± 70.6 <0.001 173.7 ± 69.0 209.3 ± 70.6 <0.001
Blood loss (mL) 77.2 ± 133.4 81.0 ± 110.1 0.729 84.5 ± 160.8 81.0 ± 110.1 0.812
Conversion 22 (2.6) 4 (3.4) 0.842 7 (3.0) 4 (3.4) >0.999
Intraoperative complication 33 (3.9) 8 (6.8) 0.223 9 (3.8) 8 (6.8) 0.334
Diversion 10 (1.2) 1 (0.8) >0.999 4 (1.7) 1 (0.8) 0.873
Anastomosis <0.001 <0.001
   Stapled 840 (98.9) 78 (66.1) 234 (99.2) 78 (66.1)
   Hand sewn 9 (1.1) 40 (33.9) 2 (0.8) 40 (33.9)
Transfusion 12 (1.4) 1 (0.8) 0.941 3 (1.3) 1 (0.8) >0.999

Values are presented as mean ± standard deviation or number (%).
AR, anterior resection; LR, left colon resection. 

Table 3. Short-term outcome

Variable

Before propensity score matching After propensity score matching

AR group
(n = 849)

LR group
(n = 118) P-value AR group

(n = 236)
LR group
(n = 118) P-value

Harvested lymph node 21.4 ± 11.2 20.2 ± 10.4 0.273 22.4 ± 11.8 20.2 ± 10.4 0.095
DRM (cm) 9.7 ± 4.0 13.1 ± 5.7 <0.001 10.0 ± 3.9 13.1 ± 5.7 <0.001
PRM (cm) 9.5 ± 4.3 12.4 ± 7.2 <0.001 9.6 ± 4.0 12.4 ± 7.2 <0.001
Morbidity 125 (14.7) 24 (20.3) 0.148 25 (10.6) 24 (20.3) 0.019
CD classification 0.543 0.078
   I, II 98 (11.5) 19 (16.1) 20 (8.5) 19 (16.1)
   III 23 (2.7) 4 (3.4) 3 (1.3) 4 (3.4)
   IV 1 (0.1) 0 (0) 0 (0) 0 (0)
   V 3 (0.4) 1 (0.8) 2 (0.8) 1 (0.8)
Reoperation 16 (1.9) 2 (1.7) >0.999 3 (1.3) 2 (1.7) >0.999
Time to flatus (day) 2.3 ± 1.1 2.3 ± 0.9 0.376 2.2 ± 1.0 2.3 ± 0.9 0.365
Time to diet (day) 3.1 ± 1.4 3.3 ± 1.3 0.434 3.1 ± 1.1 3.3 ± 1.3 0.348
Postoperative hospital stay (day) 8.0 ± 3.6 10.3 ± 17.6 0.161 7.9 ± 3.5 10.3 ± 17.6 0.154

Values are presented as mean ± standard deviation or number (%).
AR, anterior resection; LR, left colon resection; DRM, distal resection margin; PRM, proximal resection margin; CD, Clavien-Dindo.

Moon Jin Kim, et al: Laparoscopic segmental left colectomy for splenic flexure colon cancer
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and 1 spleen).
Tables 3 and 4 show the short-term outcomes. After PSM, the 

proximal and distal resection margins in LR group are longer 
than in the AR group (P < 0.001). The LR group had greater 
morbidity than did the AR group (10.6% vs. 20.3%, P = 0.019). 
This difference is because of minor morbidity (Clavien-Dindo 
classification I and II) and specifically because of ileus (0.8% vs. 
9.3%, P < 0.001). The mortality rate was similar in both groups 
(1 aspiration pneumonia, 1 myocardial infarct in the AR group, 
and 1 myocardial infarction in the LR group).

There was no significant difference in long-term outcomes 
between the 2 groups after PSM (Figs. 2, 3). The median follow-
up duration was 60 months. The 5-year DFS in the AR and LR 
groups was 80.7% and 78.6% (P = 0.607). The 5-year OS rate in 
the AR and LR groups was 89.2% and 88.2% (P = 0.563). There 
was no significant difference in the pattern of recurrence (Table 
5). In both groups, most recurrences were systemic.

DISCUSSION
The aim of this study is to demonstrate the oncologic and 

technical safety of laparoscopic segmental left colectomy for 
SFCC. There is not much research on this surgical treatment, 

and performing segmental left colectomy is still debatable. 
Most papers about SFCC involve a small number of subjects, 
and almost of them are retrospectively designed studies [10-13]. 
This is because SFCC is rarely detected as compared to other 
colon cancers, and this makes it hard to perform randomized 
controlled trials [1].

The present study is also conducted retrospectively, although 
we attempted to eliminate bias by adjustments with PSM. 
We used the PSM method to minimize selection bias and to 
enhance statistical accuracy by supplementing huge population 
differences between the control and experimental groups [9]. 

Recently, many studies on tumor sidedness have been 
actively conducted, and in all studies, the right and left colon 
are divided based on the distal third of the transverse colon 
[6-8]. The reason for this criterion is that tumor molecular 
and biological differences according to tumor sidedness are 
secondary to different embryological origins [14]. This study 
was conducted on the premise that the embryological origin of 
SFCC and sigmoid colon cancer is the same as the hindgut, so 
the molecular and biological characteristics are also the same.

Published studies on SFCC have noted that it has a poor 
prognosis as compared to other colon cancers. In our study, the 
LR group showed a higher proportion of stent insertion and 

Table 5. Pattern of recurrence

Variable
Before propensity score matching After propensity score matching

AR (n = 849) LR (n = 118) P-value AR (n = 236) LR (n = 118) P-value

Type of recurrence 0.550 0.708
   Local 11 (1.3) 1 (0.8) 4 (1.7) 1 (0.8)
   Systemic 111 (13.1) 20 (16.9) 33 (14.0) 20 (16.9)
   Local and systemic 5 (0.6) 0 (0) 1 (0.4) 0 (0)

Values are presented as number (%). 
AR, anterior resection; LR, left colon resection.
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poor pathologic histology before PSM, as did other papers about 
SFCC [3,11,15]. However, pathologic tumor characteristics, such 
as pathologic stage, microinvasion, and tumor differentiation 
were similar in both groups after PSM. Furthermore, the LR 
group showed a similar 5-year long-term survival rate (DFS, 
OS) as compared to the AR group. The number of harvested 
lymph nodes in the LR group was 20, with sufficient lymph 
node dissection, and this was not inferior to the AR group. This 
is also related to the local recurrence rate, which presented no 
statistical difference in either group. In addition, the LR group 
presented longer proximal and distal resection margins than 
did the AR group after PSM.

To conclude, the results of this study demonstrate that LR 
is an oncologically safe procedure that enables the operator to 
perform sufficient lymph node dissection.

In terms of short-term surgical outcomes, these results were 
comparable between both groups except in the case of ileus. 
Although LR group procedures took longer than did the AR 
group procedures, there was no significant difference between 
other short-term postoperative outcomes such as bleeding, 
intraoperative complication rate, conversion rate, hospital 
days, days to diet, and surgical site infection. These results 
demonstrated that laparoscopic segmental left colectomy is a 
technically feasible procedure as compared to laparoscopic AR. 

The LR group showed higher morbidity than did the AR 
group. However, most of the morbidity was caused by minor 
morbidity, specifically ileus. The ileus showed a significant 
difference; the LR group had a higher rate than did the AR 
group. This might be because of increased pressure around 
duodenojejunal flexure, which is the result of anastomosis 
in the segmental left colectomy procedure. Further research 
is needed on this. Except for this minor morbidity, surgical 
mortality rate was similar in both groups. 

The present study is a multicenter study that was conducted 
at 2 institutions, and as a result, a larger population of subjects 
was recruited. This follow-up study was conducted over 
a comparatively long period, and we could analyze 5-year 
survival of the 2 procedures. What makes this study arguably 
more discriminative than others is that this is the first one to 
investigate the segmental left colectomy surgical method and to 
compare it with laparoscopic AR. Most former studies compared 
surgical approaches for SFCC between segmental left colectomy, 
extended right or left colectomy, and left hemicolectomy. They 

concluded that the outcomes of segmental left colectomy were 
not inferior to extended colectomy [1,3,10,13,16]. This study 
is more meaningful in the sense that it proved laparoscopic 
segmental left colectomy is an oncologically safe and technically 
feasible procedure as compared to laparoscopic AR, which is the 
most commonly used method.

Our study has limitations in the sense that it was 
retrospective research. Still, it collected many more subjects 
than did the other studies on SFCC, and it utilized PSM 
methods to overcome statistical bias. Considering the various 
strong points included in the study, we hope that it suggested a 
new perspective on surgical treatment of SFCC.

Except in cases of ileus, PSM showed that laparoscopic 
segmental left colectomy for SFCC did not show a statistical 
difference in short-term and long-term outcomes when 
compared to laparoscopic AR for sigmoid colon cancer. 
Laparoscopic segmental left colectomy can be one option among 
the standard procedures for SFCC.
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