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Abstract
To compare the oncological survival outcome between extended resections (ER) and segmental resection (SR) for non-
metastatic splenic flexure tumors. A total of 10,063 splenic flexure colon cancers patients who underwent ER (n = 5546) or 
SR (n = 4517) from 2010 to 2018 were included from the Surveillance, Epidemiology, and End Results (SEER)-registered 
database. Additionally, we included 135 patients from our center who underwent ER (n = 54) or SR (n = 81) between 2011 
and 2021. Survival rates were compared between groups. To reduce the inherent bias of retrospective studies, propensity 
score matching (PSM) analysis was performed. In the SEER database, patients in the ER group exhibited higher pT stage, 
pN stage, larger tumor size, and elevated rates of CEA level, perineural invasion, and tumor deposits compared to those 
in the SR group (each P < 0.05). The 5-year cancer-specific survival (CSS) rate was slightly lower in the ER group than in 
the SR group (79.2% vs. 81.6%, P = 0.002), while the 5-year overall survival (OS) rates were comparable between the two 
groups (66.2% vs. 66.9%, P = 0.513). After performing PSM, both the 5-year CSS and 5-year OS rates were comparable 
between the ER and SR groups (5-year CSS: 84.9% vs. 83.0%, P = 0.577; 5-year OS: 70.6% vs. 66.0%, P = 0.415). These 
findings were consistent in the subgroup analysis that included only patients with stage III disease or tumor size ≥ 7 cm. 
Furthermore, although the number of harvested lymph nodes was higher in the ER group compared to the SR group (14.4 
vs. 12.7, P < 0.001), the number of invaded lymph nodes remained similar between the two groups (0.5 vs. 0.5, P = 0.90). 
Similarly, our center's data revealed comparable 3-year OS and 3-year disease-free survival (DFS) rates between the two 
groups. ER have no significant oncological benefits over SR in the treatment of non-metastatic splenic flexure colon cancer, 
even for locally advanced cases.
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Introduction

Experience with splenic flexure colon cancers is very limited 
because it is a relatively rare disease that represents only less 
than 10% of all colon cancers [1]. Although left-sided colon 
cancer was generally associated with better survival com-
pared to right-sided colon cancer [2], splenic flexure tumors 
had a higher risk of obstruction and had a more advanced 
stage and lower cure rate among left-sided colon cancers [3].

Since anatomical variations of the vasculature at splenic 
flexure by left colic artery (LCA) and middle colic artery 
(MCA) remain ambiguous [4], surgery for splenic flexure 
cancers is one of the most challenging operations among 
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other colorectal surgical procedures [5]. Splenic flexure 
colon, located between the right and left colon, received 
a dual vascular supply of both superior mesenteric ves-
sels and inferior mesenteric vessels. Moreover, due to the 
complexity of the lymphatic drainage in this site, a con-
sensus is lacking regarding the optimal extent of surgical 
resection for splenic flexure tumors. The AJCC and Col-
lege of American Pathologists recommend the examina-
tion of a minimum of 12 lymph nodes to accurately stage 
colon cancers [6]. However, since right colon cancer and 
left colon cancer have different characteristics, different 
thresholds for the total number of lymph nodes retrieved 
have been proposed. Yang et al. [7] proposed a threshold 
total number of lymph nodes of 11 for left colon cancer 
while the 12-node standard might only be applicable in 
right-sided colon cancer. In addition, since splenic colon 
cancers exhibited exclusively specific characteristics as 
compared to colon cancers at other sites [8], the optimum 
number of lymph nodes harvested remains ill-defined. Var-
ious extent of conventional techniques has been advocated, 
going from more aggressive extended resection (ER) to 
segmental resection (SR) [9]. However, there is a scarcity 
of publications regarding its surgical outcomes, especially 
the long-term oncological survival [10]. Some researchers 
supported ER due to the highly heterogeneous lymphatic 
drainage of the splenic flexure tumors [11], whereas their 
opponents advocated for colon-sparing options to avoid 
an unnecessary resection to preserve colonic length [8]. 
In our updated meta-analysis with the latest evidence, 
ER, including subtotal colectomy (STC), extended right 
hemicolectomy (ERHC), and standard left hemicolec-
tomy (LHC), provided similar survival compared to SR 
of splenic flexure colectomy (SFC) [12]. However, it is 
worth noting that only retrospective studies with small 
sample sizes were included and proper confounder analy-
sis was impossible due to methodological limitations. In 
addition, although cases from 1996 to 2018 were included 
and the extent of resection varied according to diagnosis 
year across centers, it was impossible to evaluate their 
impact on the oncological survival of splenic flexure colon 
cancer surgery.

The primary aim of this study was to assess the onco-
logical survival rates of patients with non-metastatic splenic 
flexure tumors who underwent either ER or SR. This analy-
sis was conducted by examining data from the Surveillance, 
Epidemiology, and End Results (SEER)-registered database, 
as well as our institution's own experience over the course 
of a decade. Additionally, the study aimed to determine the 
optimal number of lymph nodes that should be removed dur-
ing surgeries for splenic flexure tumors. Finally, the changes 
in surgical extent for splenic flexure tumors over time in this 
global series and their impact on oncological outcome were 
also analyzed.

Materials and methods

Patients

This was a retrospective cohort study. This study was 
approved for exemption by the Institutional Review 
Board, identification number 2023KY221.

SEER program

The SEER program includes population-based tumor reg-
istries that cover 28% of the U.S. population. A total of 
13,682 patients diagnosed with splenic flexure colon can-
cer from 2010 to 2018 were initially included. Patients 
were excluded according to the following criteria: 1) 
patients had other histology (n = 506); 2) patients had 
stage 0 (n = 263) and stage IV diseases (n = 1782); 3) 
patients had received radiotherapy (n = 128); 4) patients 
had no surgery of primary site (n = 181) or unknown if 
surgery performed (n = 3), had local tumor destruction or 
excision (n = 200), or had total colectomy or total proc-
tocolectomy (n = 556). Finally, a total of 10,063 patients 
were included in the analysis (Fig. S1).

According to the SEER Program Coding and Staging 
Manual 2018, SR was defined as partial colectomy [but 
less than hemicolectomy] segmental resection. ER was 
defined as subtotal colectomy/hemicolectomy (total right 
or left colon and a portion of transverse colon).

Our center's data

In order to comprehensively analyze the specific details 
of the surgical extent, a total of 135 patients from our 
institution who underwent ER (n = 54) or SR (n = 81) 
between 2011 and 2021 were also included. SR was 
defined as resection of the distal part of the transverse 
colon and the descending colon by ligating the LCA with 
or without ligating the left branch of the MCA or acces-
sory middle colic artery (aMCA). ER encompassed two 
distinct surgical procedures, namely left hemicolectomy 
(LHC) and extended left hemicolectomy (ELHC). LHC 
involved the removal of the distal part of the transverse 
colon, the descending colon, and the sigmoid colon by 
ligating the MCA and LCA. ELHC was a more extensive 
surgery that involved the removal of the distal part of the 
transverse colon, descending and sigmoid colon down to 
the rectosigmoid union by ligating the inferior mesenteric 
artery (IMA) with or without ligating other arteries. D3 
lymphadenectomy was routinely performed. The resection 
procedure entailed the excision of a segment of the colon 
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measuring at least 10 cm in length on both sides of the 
tumor. However, it is customary to consider wider margins 
due to the mandatory ligation of the arterial blood supply.

Statistical analysis

The primary endpoint was the oncological survival rates, 
including cancer-specific survival (CSS), overall survival 
(OS), and disease-free survival (DFS).

Categorical variables were compared using Fisher's exact 
tests, while the T-test or Wilcoxon rank-sum test was applied 
for continuous variables. The Kaplan–Meier method with 
a Log-rank test was used for survival analysis and com-
parison of CSS, OS and DFS rates. X-tile (ver. 3.6.1) was 
used to determine the thresholds for tumor size, harvested 
lymph nodes, and diagnosis year, by selecting the maximal 
chi-square values of the log-rank test for CSS between 2 
groups. In the SEER database, multivariate analyses of 
CSS were performed using Cox proportional regression 
models to explore the independent prognostic factors. To 
reduce the imbalance in the distribution of the baseline 
data between ER and SR, propensity score matching (PSM) 
was performed by logistic regression for each patient using 
the covariates of age race, grade, pT stage, pN stage, CEA 
status, perineural invasion, tumor deposits, tumor size and 
diagnosis year. One-to-one matching without replacement 
was performed using a 2e−14 caliper width. The score-
matched pairs were used in subsequent survival analyses. 
P values of less than 0.05 were considered to indicate sta-
tistical significance. All statistical analyses were performed 
using the SPSS software (ver. 22) and R (ver. 3.4.1).

Results

SEER program

A total of 10,063 splenic flexure colon cancers patients who 
underwent ER (n = 5546) or SR (n = 4517) were included 
in this study. Overall, 3447 (34.5%) patients had stage III 
disease. Baseline characteristics of patients between the ER 
group and SR group were reported in Table 1. Patients from 
the ER group were younger than those from the SR group 
(P < 0.001). The patients in the ER group exhibited more 
advanced tumor stages, including higher pT stage and pN 
stage, compared to those in the SR group. Additionally, the 
ER group had higher rates of elevated carcinoembryonic 
antigen (CEA) levels, perineural invasion, and tumor depos-
its, all of which were statistically significant (P < 0.05) when 
compared to the SR group. The size of the tumor was larger 
in the ER group than in the SR group (P < 0.001). In addi-
tion, these two groups had imbalanced distributions regard-
ing race, grade, and diagnosis year (each P < 0.05).

The median follow-up period was 58 months (interquar-
tile range: 22–114). The 5-year CSS rate was slightly lower 
in ER patients than that in SR patients (79.2% vs. 81.6%, 
respectively, P = 0.002) (Fig. 1A), while the 5-year OS 
was comparable in the ER group and SR group (66.2% vs. 
66.9%, respectively, P = 0.513) (Fig. 1C). However, after the 
PSM performed, both the 5-year CSS and 5-year OS rates 
in ER group and SR group were comparable (5-year CSS: 
84.9% vs. 83.0%, P = 0.577; 5-year OS: 70.6% vs. 66.0%, 
P = 0.415, Fig. 1B, D). In addition, after the PSM performed, 
although the numbers of harvested lymph nodes were larger 
in the ER group compared to the SR group (14.4 vs. 12.7, 
P < 0.001) the numbers of invaded lymph nodes remained 
similar between groups (0.5 vs. 0.5, P = 0.90) (Table 1).

X-tile analysis determined the optimum threshold of 11 
for the harvested lymph node count during non-metastatic 
splenic flexure colon cancer surgeries (Fig. S2A). Further 
survival analysis showed that patients with ≥ 11 lymph nodes 
harvested had better 5-year CSS than patients with less than 
11 lymph nodes harvested (81.3% vs. 78.2%, respectively, 
P < 0.001, Fig. S2B). For standard threshold of 12 lymph 
nodes, patients with ≥ 12 lymph nodes harvested also expe-
rienced better 5-year CSS than patients with less than 12 
lymph nodes harvested (81.4% vs. 78.7%, respectively, 
P < 0.001, Fig. S2C). However, it is worth noting that there 
was no difference regarding 5-year CSS between patients 
with < 11 lymph nodes harvested and patients with 11 
lymph nodes harvested (P = 0.937), while significant CSS 
difference was found between patients with 11 lymph nodes 
harvested and patients with ≥ 12 lymph nodes harvested 
(P < 0.001, Fig. S2D). Thus, twelve appeared a superior 
threshold to 11 regarding the harvested lymph node count 
during non-metastatic splenic flexure colon cancer surgeries, 
as it better distinguished patients with a poor prognosis from 
those with a good prognosis.

Using the optimum threshold of 2002 and 2013 obtained 
with X-tile, there was a significant trend toward better CSS 
and OS over 2000–2018 (P < 0.001, Fig. 2A, C). Regarding 
the indicator of the quality of surgery, an increased rate of 
harvested lymph node count ≥ 12 was observed over these 
18 years (P < 0.001, Fig. 2D). Interestingly, we found an 
increased adoption of SR for the treatment of non-meta-
static splenic flexure colon cancer as the year progresses 
(P = 0.005, Fig. 2B).

Multivariate analysis

To identify prognostic factors of CSS, univariate and mul-
tivariate analysis were performed. Among these factors, 
older age at diagnosis (P < 0.001), poorly differentiation 
(P = 0.018), higher pT stages (P < 0.001) and pN stages 
(P < 0.001), elevated CEA level (P < 0.001), the pres-
ence of perineural invasion (P = 0.005), a smaller number 
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Table 1  Comparison of baseline data of splenic flexure colon cancers patients who underwent segmental resection or extended resection in the 
Surveillance, Epidemiology, and End Results database

Unmatched patients Propensity-matched patients

Segmental resection Extended resection P-value Segmental resection Extended resection P-value

n 4517 5546 976 976
Sex 0.43 1.00

  Male 2421 (53.6) 3016 (54.4) 556 (57.0)  556 (57.0)
  Female 2096 (46.4) 2530 (45.6)  420 (43.0)  420 (43.0)

Age at diagnosis*, years 69.3 (13.2) 67.9 (13.7)  < 0.001 71.6 (10.8) 71.6 (10.8) 1.00
Race  < 0.001 1.00

  White 3498 (77.4) 4266 (76.9) 902 (92.4)  902 (92.4)
  Black 593 (13.1) 860 (15.5) 57 (5.8)  57 (5.8)
  Asian or Pacific Islander 382 (8.5) 372 (6.7) 17 (1.7) 17 (1.7)
  American Indian/Alaska Native 26 (0.6) 35 (0.6) 0 (0) 0 (0)
  Unknown 18 (0.4) 13 (0.2) 0 (0) 0 (0)

Grade 0.005 1.00
  Well differentiated; Grade I 452 (10.0) 468 (8.4) 28 (2.9) 28 (2.9)
  Moderately differentiated; 

Grade II
3254 (72.0) 4036 (72.8) 878 (90.0)  878 (90.0)

  Poorly differentiated; Grade III 618 (13.7) 784 (14.1) 55 (5.6)  55 (5.6)
  Undifferentiated; anaplastic; 

Grade IV
53 (1.2) 101 (1.8) 0 (0) 0 (0)

  Unknown 140 (3.1) 157 (2.8) 15 (1.5) 15 (1.5)
pT stage  < 0.001 1.00

  pT1 589 (13.0) 489 (8.8) 105 (10.8) 105 (10.8)
  pT2 632 (14.0) 712 (12.8) 125 (12.8)  125 (12.8)
  pT3 2810 (62.2) 3665 (66.1) 724 (74.2)  724 (74.2)
  pT4 486 (10.8) 680 (12.3) 22 (2.3)  22 (2.3)

pN stage 0.027 1.00
  pN0 3017 (66.8) 3577 (64.5) 802 (82.2)  802 (82.2)
  pN1 1026 (22.7) 1309 (23.6) 139 (14.2)  139 (14.2)
  pN2 474 (10.5) 660 (11.9) 35 (3.6)  35 (3.6)

Diagnosis year   0.005  0.64
  ~ 2002 750 (16.6) 984 (17.7) 297 (30.4)  279 (28.6)
  2002 ~ 2013 2704 (59.9) 3402 (61.3) 583 (59.7)  595 (61.0)
  2013 ~ 1063 (23.5) 1160 (20.9) 96 (9.8)  102 (10.5)

Tumor size, cm  < 0.001 0.51
~ 2 547 (12.1) 484 (8.7) 100 (10.2) 93 (9.5)
2 ~ 7 2438 (54.0) 3003 (54.1) 398 (40.8)  414 (42.4)
7 ~ 333 (7.4) 533 (9.6) 55 (5.6) 46 (4.7)

  Unknown 1199 (26.5) 1526 (27.5) 423 (43.3) 423 (43.3) 
CEA status  < 0.001  1.00
Elevated 782 (17.3) 775 (14.0) 84 (8.6) 84 (8.6)
Normal 410 (9.1) 563 (10.2) 25 (2.6)   25 (2.6)

  Unknown 3325 (73.6) 4208 (75.9) 867 (88.8)   867 (88.8)
Perineural invasion  < 0.001  1.00

  Yes 1665 (36.9) 1815 (32.7) 189 (19.4)  189 (19.4)
  No 178 (3.9) 223 (4.0) 0 (0) 0 (0)
  Unknown 2674 (59.2) 3508 (63.3) 787 (80.6)  787 (80.6)

Tumor deposits  < 0.001   1.00
  Yes 1726 (38.2) 1848 (33.3) 188 (19.3)  188 (19.3)
  No 189 (4.2) 247 (4.5) 1 (0.1) 1 (0.1)
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of harvested lymph nodes (P < 0.001), a larger number of 
invaded lymph nodes (P < 0.001) and larger tumor size 
(≥ 7 cm, threshold obtained with X-tile) (P < 0.001) were 
found to be independently and significantly correlated with 
worse CSS (Table 2). In addition, diagnosis year, marital 
status, and race were independent prognostic factors of CSS, 
while the procedure of SR was slightly and independently 
associated with improved CSS (P = 0.035).

Subgroup analysis

Since ER was more frequently applied in advance stage 
tumors as shown in the analysis of baseline characteristics, 
we performed a subgroup analysis that included only stage 
III cancer cases or cases with a tumor larger than ≥ 7 cm. 
The results revealed that both OS and CSS in the ER and the 
SR groups were similar across all subgroups (each P > 0.05, 
Fig. 3).

Our center's data

A total of 135 patients from our center who underwent 
ER (n = 54) or SR (n = 81) between 2011 and 2021 were 
included. Baseline characteristics of patients between the ER 
group and SR group were reported in Table S1. The varia-
bles of sex, age at diagnosis, pT stage, pN stage, histopathol-
ogy, grade, and presence of lymphatic or vascular invasion 
are well-balanced and exhibit comparability between the ER 
group and the SR group (P > 0.05). With a median follow-up 

duration of 56 months, the survival analysis revealed that the 
3-year OS and 3-year DFS rates were similar between the 
ER and SR groups (3-year OS: 91.0% vs. 91.6%, P = 0.715; 
3-year DFS: 86.7% vs. 86.3%, P = 0.935, Fig. 4).

Discussion

The extent of resection for non-metastatic splenic flexure 
colon cancer chosen by the surgeon is often empirically 
supported rather than based on evidence [13]. Extended 
procedures are the most common surgical treatments so far 
for splenic flexure colon cancer [14], and have been recom-
mended to overcome the poor oncologic outcomes observed 
in patients with splenic flexure colon cancers [15]. One sur-
vey fielded on this topic showed that ERHC was the most 
preferred procedure by 63% of those surveyed followed by 
LHC (23%) and SR (14%) in the United Kingdom [16]. In 
China, our recent survey revealed that the most preferred 
procedure for splenic flexure colon cancer was LHC or 
ELHC (97.4%), followed by SR (1.8%) and ERHC (0.9%) 
(manuscript not published). Interestingly, increased adop-
tion of SR for the treatment of non-metastatic splenic flex-
ure colon cancer as the year progresses was observed in the 
present study.

For short-term outcomes, compared to a formal LHC, a 
SR was reported to be associated with a shorter operative 
time with equivalent post-operative morbidity based on the 
analysis of the ACS-NSQIP colectomy-targeted database 

Number in parenthesis refers to percentage
*Expressed as means (standard deviation)

Table 1  (continued)

Unmatched patients Propensity-matched patients

Segmental resection Extended resection P-value Segmental resection Extended resection P-value

  Unknown 2602 (57.6) 3451 (62.2) 787 (80.6)  787 (80.6)
Marital status  0.15   0.55

  Married 2451 (54.3) 2922 (52.7) 609 (62.4)   587 (60.1)
  Unmarried 1881 (41.6) 2414 (43.5) 341 (34.9)   364 (37.3)
  Unknown 185 (4.1) 210 (3.8) 26 (2.7) 25 (2.6)

Histopathology  0.39  1.00
  Adenocarcinoma 4052 (89.7) 4929 (88.9) 948 (97.1)  948 (97.1)
  Mucinous adenocarcinoma 435 (9.6) 574 (10.3) 28 (2.9)  28 (2.9)
  Signet ring adenocarcinoma 30 (0.7) 43 (0.8) 0 (0) 0 (0)

Tumor size*, mm 43.5 (33.9) 46.4 (24.8)  < 0.001 40.9 (22.0) 40.7 (22.1) 0.92
Harvested lymph nodes* 14.4 (9.3) 16.3 (10.5)  < 0.001 12.7 (8.9) 14.4 (10.3)  < 0.001
Invaded lymph nodes* 1.1 (2.5) 1.2 (2.9) 0.042 0.5 (1.4) 0.5 (1.4) 0.90
Harvested lymph nodes  < 0.001  < 0.001

  ≥ 12 2006 (44.4) 2146 (38.7) 544 (55.7)  479 (49.1)
  < 12 2482 (54.9) 3363 (60.6) 424 (43.4)  493 (50.5)
  Unknown 29 (0.6) 37 (0.7) 8 (0.8) 4 (0.4)
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[17]. Our previous network meta-analysis revealed that 
ERHC was associated with a higher risk of postoperative 
ileus but a non-significant trend for lower anastomotic dehis-
cence when compared with more restricted resections [12]. 
However, the evidence in the literature regarding the long-
term oncological advantages of ER over SR is sparse. A 
nationwide retrospective cohort study including 1304 cases 
showed that SR and extended procedures (extended right and 
left colectomies) had comparable survival rates (5-year OS 
84% vs. 83%, 5-year progression-free survival 85% vs. 84%) 
[18, 19]. In fact, our study is the largest study to date to com-
pare survival between SR and extended procedure. Our ini-
tial analysis of baseline characteristics showed that ER was 
more frequently applied in advance-stage tumors, which was 
probably the reason why ER was associated with a slightly 
lower 5-year CSS rate. This hypothesis was confirmed by the 
re-comparison of the survival after the PSM or subgroups 
analysis of locally advanced stage tumors (stage III or tumor 
size ≥ 7 cm). The results of the re-comparison revealed that 
both the 5-year CSS and 5-year OS rates in the ER group 
and SR group were comparable. Furthermore, the robustness 

of this hypothesis was strengthened by the inclusion of data 
from our center, which spanned over a decade. Moreover, 
while the numbers of harvested lymph nodes increased in 
the ER group the numbers of invaded lymph nodes remained 
relatively constant between groups. This fact together with 
the previous indications suggested that extended procedures 
have no statistically significant oncological benefits over a 
less aggressive approach of SR. SR seems an effective alter-
native for splenic flexure tumors, even for non-metastatic 
locally advanced cases.

Interestingly, in the present study, we found a potential 
link between a later year of diagnosis and improved CSS 
over 2000–2018. From a population-based perspective, an 
increased rate of harvested lymph node count ≥ 12 or ≥ 11 
observed over this 18-year period might be the underly-
ing reason. Stocchi et al. [20] found that harvest of at least 
12 nodes was related to surgery after 1991 (85% vs. 69%, 
P < 0.001) in stage II colon carcinoma. Since the 12-node 
minimum rule was first proposed in 1990 [21], this fact 
together with the positive link indicated that it is of great 
importance to understand and determine the optimal cutoff 

Fig. 1  Survival between the 
segmental resection group and 
extended resection group in 
the Surveillance, Epidemiol-
ogy, and End Results database. 
A CSS of unmatched patients, 
B CSS of propensity-matched 
patients, C OS of unmatched 
patients, and D OS of propen-
sity-matched patients. CSS, 
cancer specific survival, OS, 
overall survival
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for the number of lymph nodes needed for surgery of non-
metastatic splenic flexure colon cancer.

Besides the detection of involvement, the number of har-
vested lymph nodes itself has prognostic relevance in stage 
colorectal II/III cancers [22]. However, the exact relationship 
between the examined lymph node count and CSS at the 
time of resection for non-metastatic splenic flexure colon 
cancer is still ill-defined. In addition, although the 12-node 
minimum has been recognized as a consensus standard for 
surgical performance for colorectal cancer [23], this thresh-
old was met only in about three-quarters of cases (85% for 
right colon carcinomas and 72% for left colon carcinomas 
[20]). It is known that the number of harvested lymph nodes 
was related to surgery over time, colon tumor location (right 
colon or left colon), individual surgeon, and length of speci-
men [20]. Thus, the 12-node standard for the total number 
of lymph nodes may not be equally applicable in all cancer 
locations. At least two previous studies fielded on this topic 
had proposed a lower threshold of 11 to be the optimum 
number of harvested lymph nodes for left-sided colon can-
cer [7, 24]. In the present study, the analysis of population-
level data showed that no difference regarding 5-year CSS 
between patients with < 11 lymph nodes harvested and 
patients with 11 lymph nodes harvested were found, while 
significant CSS difference was observed between patients 
with 11 lymph nodes harvested and patients with ≥ 12 
lymph nodes harvested. Thus, we confirmed the optimum 

threshold of 12 for the harvested lymph node count during 
non-metastatic splenic flexure colon cancer surgeries. On the 
other hand, larger numbers of harvested lymph nodes in the 
ER did not confer any additional benefit relative to SR with 
regard to CSS, probably due to no increase in the resected 
invaded lymph node numbers in the present study. Thus, 
understanding the distribution of metastatic lymph nodes 
and the different anatomies for non-metastatic splenic flex-
ure colon cancer might be essential. For instance, the inferior 
mesenteric artery lymph node was routinely resected during 
LHC while might normally have been left behind in ERHC 
and SR in China. Our recently published study analyzed a 
single-center experience of 117 consecutive non-metastatic 
splenic flexure colon cancer surgeries performed over a 
period of 7 years and observed no metastatic lymph nodes 
at the root of the inferior mesenteric artery [25], which is 
similar to a previous study observed by Nakagoe et al. [26] 
Consequently, It might not be necessary to resect the inferior 
mesenteric artery lymph node during non-metastatic splenic 
flexure colon cancer surgery.

The strength of this study lies in the large patient num-
bers, even for relatively rare colon cancer of splenic flex-
ure, and long follow-up time, which indicates the almost 
real-world outcomes and might be a powerful resource for 
identifying gross trends. However, there are several limita-
tions of this study. First, confusing nomenclature as well 
as the uncertainty in exact surgical extent are common in 

Fig. 2  The impact of diag-
nosis year on survival in the 
Surveillance, Epidemiology, 
and End Results database. A OS 
among ~ 2002 group, 2002–
2013 group and 2013 ~ group; 
B adoption of segmental 
resection among diagnosis year 
groups; C CSS among ~ 2002 
group, 2002–2013 group and 
2013 ~ group; D rate of har-
vested lymph node count ≥ 12 
among diagnosis year groups. 
CSS, cancer specific survival, 
OS, overall survival
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Table 2  Prognostic factors for cancer-specific survival in the surveillance, epidemiology, and end results database

Factors Univariate analysis Multivariate analysis

Odd ratio 95% CI P-value Odd ratio 95% CI P-value

Age at diagnosis 1.030 1.026 1.034 <0.001 1.033 1.029 1.036 <0.001
Sex (male vs female) 0.958 0.882 1.041 0.314
Diagnosis year

  ~ 2002 <0.001 0.035
  2002 ~ 2013 0.886 0.801 0.981 0.019 0.968 0.819 1.143 0.698
  2013 ~ 0.710 0.603 0.834 <0.001 0.778 0.615 0.985 0.037

Race
  White <0.001 <0.001
  Black 1.305 1.171 1.454 <0.001 1.373 1.226 1.537 <0.001
  Asian or Pacific Islander 0.875 0.740 1.034 0.117 0.908 0.765 1.077 0.267
  American Indian/Alaska Native 0.833 0.461 1.508 0.547 1.135 0.607 2.121 0.692
  Unknown 0.000 0.000 6.E + 25 0.797 0.000 0.000 1.E + 35 0.843

Grade
  Well differentiated; Grade I <0.001 0.010
  Moderately differentiated; Grade II 1.377 1.164 1.630 <0.001 1.127 0.947 1.342 0.179
  Poorly differentiated; Grade III 2.099 1.743 2.527 <0.001 1.265 1.041 1.538 0.018
  Undifferentiated; anaplastic; Grade IV 2.082 1.473 2.942 <0.001 1.311 0.910 1.891 0.146
  Unknown 1.413 1.064 1.877 0.017 1.573 1.168 2.118 0.003

pT stage
  pT1 <0.001 <0.001
  pT2 1.209 0.935 1.562 0.148 1.173 0.886 1.554 0.265
  pT3 2.971 2.422 3.644 <0.001 2.351 1.850 2.987 <0.001
  pT4 6.425 5.168 7.989 <0.001 4.312 3.336 5.573 <0.001

pN stage
  pN0 <0.001 <0.001
  pN1 2.025 1.840 2.228 <0.001 1.652 1.489 1.833 <0.001
  pN2 3.152 2.830 3.510 <0.001 2.070 1.784 2.401 <0.001

CEA status
  Normal <0.001 0.001
  Elevated 2.024 1.662 2.466 <0.001 1.460 1.195 1.785 <0.001
  Unknown 1.527 1.312 1.777 <0.001 1.330 1.103 1.603 0.003

Perineural invasion
  No <0.001 0.012
  Yes 2.351 1.918 2.883 <0.001 1.357 1.095 1.682 0.005
  Unknown 1.273 1.148 1.411 <0.001 1.204 0.926 1.566 0.166

Tumor deposits
  No <0.001 0.110
  Yes 2.447 2.015 2.973 <0.001 1.144 0.928 1.411 0.208
  Unknown 1.258 1.136 1.392 <0.001 0.812 0.622 1.061 0.126

Harvested lymph nodes 0.990 0.986 0.995 <0.001 0.982 0.977 0.988 <0.001
Invaded lymph nodes 1.089 1.082 1.096 <0.001 1.054 1.039 1.068 <0.001
Marital status

  Married <0.001 <0.001
  Unmarried 1.536 1.412 1.672 <0.001 1.286 1.178 1.404 <0.001
  Unknown 1.257 1.010 1.564 0.041 1.217 0.971 1.524 0.088

Procedure (extended resection/segmental resection) 1.142 1.050 1.241 0.002 1.097 1.007 1.196 0.035
Histopathology

  Adenocarcinoma <0.001 0.104
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the literature regarding colectomy for splenic flexure colon 
cancer [27]. Like all registry studies based on the SEER 
database, more detailed information about surgical extent 
was not provided. However, to provide a more comprehen-
sive elucidation of the surgical extent, we have integrated 
a consecutive case series encompassing a decade from our 

center, delineating the intricate details of surgical extent 
in terms of both SR and ER. Secondly, our study was a 
retrospective data analysis and therefore subject to the 
limitation common to this research. However, the PSM 
was performed to adjust for confounding factors and to 
overcome potential selection bias.

Table 2  (continued)

Factors Univariate analysis Multivariate analysis

Odd ratio 95% CI P-value Odd ratio 95% CI P-value

  Mucinous adenocarcinoma 1.305 1.152 1.477 <0.001 1.074 0.943 1.224 0.281
  Signet ring adenocarcinoma 1.529 0.984 2.375 0.059 0.648 0.401 1.049 0.078

Tumor size, cm
  ~ 2 <0.001 <0.001
  2 ~ 7 2.104 1.743 2.541 <0.001 1.270 1.038 1.555 0.020
  7 ~ 2.720 2.180 3.395 <0.001 1.616 1.274 2.051 <0.001
  Unknown 2.046 1.685 2.485 <0.001 1.342 1.061 1.698 0.014

Fig. 3  Subgroup analysis in the 
Surveillance, Epidemiology, 
and End Results database. A 
CSS of TNM stage III patients; 
B OS of TNM stage III patients; 
C CSS of patients with tumor 
size ≥ 7 cm; D OS of patients 
with tumor size ≥ 7 cm. CSS, 
cancer specific survival, OS, 
overall survival
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Conclusion

ER have no significant oncological benefits over SR in the 
treatment of non-metastatic splenic flexure colon cancer, 
even for locally advanced cases.
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