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Background: Right-sided colon cancers (R-CCs) are associated with worse outcomes compared to left-
sided colon cancers (L-CCs). This study aimed to investigate whether a difference in survival existed among 
R-CC, L-CC, and rectal cancer (ReC) and subsequent liver metastasis. 
Methods: Data from the Surveillance, Epidemiology, and End Results (SEER) database for 2010–2015 
was used to identify colorectal cancer (CRC) patients who underwent surgical resection of primary disease. 
Propensity score adjustment and Cox regression models were used to identify risk factors and prognostic 
factors of primary tumor location (PTL). Kaplan–Meier curve analysis and the log-rank test were used to 
evaluate overall survival (OS) of CRC patients. 
Results: Our results showed that among the 73,350 included patients, 49% were R-CC, 27.6% L-CC, and 
23.1% ReC. Before propensity score matching (PSM), the OS of the R-CC group was significantly lower 
than that of the L-CC and ReC groups (P<0.05). However, the clinicopathological characteristics, including 
gender, tumor grade, tumor size, marital status, tumor (T) stage, node (N) stage, and carcinoembryonic 
antigen (CEA), were significantly unbalanced among the 3 groups (P<0.05). After 1:1 PSM, 8670 patients 
were effectively screened out in each group. The differences in clinicopathological characteristics among the 3 
groups were significantly reduced, and baseline distribution characteristics such as gender, tumor size, and CEA 
were significantly improved after matching (P>0.05). Survival was higher in the left-side group when evaluated 
by tumor sidedness, and ReC patients had the highest median survival (114.3 months). Right-sided cancer 
patients had the worst prognosis in both PTL and sidedness analyses, with a median survival of 76.6 months.  
Among CRC patients with synchronous liver metastases, adjustment by inverse propensity weight and 
propensity score and analysis of OS yielded similar results and had more significant stratification results. 
Conclusions: In conclusion, R-CC has a worse survival prognosis compared to L-CC and ReC, and they 
are fundamentally different tumors that have distinct effects on CRC patients with liver metastases.
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Introduction

Colorectal cancer (CRC) is a common malignant tumor of 
the gastrointestinal tract (1) and the second leading cause of 

cancer-related death (2,3). The difference between left- and 

right-sided colon cancers (R-CCs) is a focus of CRC research. 

Multiple researches have confirmed the better overall 
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survival in L-CCs patients, compared with R-CCs (4-6).  
The difference between the left and right colon was first 
described in 1990 by Bufill, who proposed that the tumors 
of each side were different diseases. The right colon, also 
known as the proximal colon, includes the cecum, ascending 
colon, hepatic flexure, and transverse colon. The left colon, 
also known as the distal colon, includes the splenic flexure, 
descending colon, sigmoid colon, and rectum. Malignant 
tumors originating in the left and right colon are called 
left colon cancer and right colon cancer, respectively (7), 
and the location may account for a significant proportion 
of the heterogeneity between them. The reason for this 
discrepancy is the different embryological origins of the 
left and right colon (the left colon originates from the 
hindgut and the right colon from the midgut) (8). With 
changes in dietary and lifestyle habits, the incidence of 
CRC is rising year by year in China. The main cause of 
death in CRC patients is distant metastasis, with the liver 
being the main target organ. About 50% of patients will 
have liver metastasis, but surgical resection of metastases 
is possible in only about 10–20% of these patients (9).  
At present, for patients with unresectable liver metastases, 
treatment of the primary foci is controversial. Many scholars 
prefer surgical resection to improve patient prognosis (10), 
while others hold the opposite view (11). Moreover, the 
primary tumor location (PLT) may also affect the choice of 
chemotherapy strategy (12). This study analyzed the role of 
primary site resection in the management of unresectable 
liver metastases based on extensive evidence-based medical 
data from the Surveillance, Epidemiology, and End Results 
(SEER) database of the National Cancer Institute. The 

clinical value of resection of primary foci in patients with 
unresectable liver metastases and its prognostic influences 
were analyzed. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-23-71/rc). 

Methods

Patient selection

The correlation between PTL and CRC outcomes was the 
focus of this population-based cohort study. CRC patient data 
was sourced from the SEER database (SEER*Stat Software 
version 8.4.0), which covers 27.8% of cancer patients in the 
United States (13). We followed data and project guidance 
provided by the North American Association of Central 
Cancer Registries (NAACCR) to obtain and describe 
the data (14). Based on the year of diagnosis (NAACCR 
Item 390), data of all CRC cases from 2010 to 2015 were 
extracted. Exclusion was based on the criteria of NAACCR 
Items 490, 2180, and 380. The selection process is shown 
in Figure 1. Patients with adenocarcinoma were further 
identified by the International Classification of Diseases for 
Oncology, Third Edition (ICDO-3) histology codes 8140, 
8144, 8210, 8211, 8220, 8221, 8255, 8260, 8261, 8262, and 
8263; mucinous 8480; mucin-producing adenocarcinoma 
8481; and signet ring cell carcinoma 8490 (NAACCR Item 
522). The patients were classified into stages based on 
NAACCR Item 3000 (DERIVED AJCC-6 STAGE GRP). 
Right-sided CRC and left-sided CRC were distinguished 
using NAACCR Items 522 and 523. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Classification

Primary cancer site and histology were identified according 
to ICDO-3 (15). Right-sided CRC (R-CC) included tumor 
sites in the transverse colon, cecum, ascending, and hepatic 
flexure (16). Splenic flexure, descending colon, sigmoid, 
and rectosigmoid junction tumor sites were considered left-
sided CRC (L-CC). Rectal cancer (ReC) included tumors in 
the rectum. 

Statistical analysis

The R statistical software (www.r-project.org) was applied to 
analyze data. Statistically significant difference was defined 
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a two-sided P value <0.05. Overall survivals (OSs) were the 
coprimary endpoints. Likelihood-ratio tests were applied 
to calculate P values. The proportional hazard assumption 
for Cox regression was tested by scaled Schoenfeld residuals 
and by inspection of the hazard ratio (HR) plots. The 
imbalances regarding prognostic factors of patients with 
different PTL were estimated by multivariable logistic 
regression with adjustment for age, sex, year of diagnosis, 
histologic type, grade, American Joint Committee on 
Cancer (AJCC) 6th edition staging, tumor (T) stage, node 
(N) stage, metastasis (M) stage, metastatic site (liver or 
other), marital status, radiation recode, chemotherapy 
recode (17), lymph node ratio (LNR), and carcinoembryonic 
antigen (CEA) level. The impact of different PTLs on 
survival was further assessed with inverse propensity weight 
adjustment (stabilized weights) using the “ipw” package in 
R (18). Subsequently, based on the “PSweight” R package, 
propensity score and weighted analysis of exact matching 
was performed (19,20). Finally, in order to assess the impact 

of metastatic resection, a near–far matching analysis was 
performed, and the unobserved confounding variables were 
adjusted. These 2 groups were then matched and analyzed in 
a paired Cox-regression model.

Results

Demographics and tumor characteristics

Of the 73,350 patients who met the inclusion criteria, 
36,164 (49.3%) were R-CC, 20,266 (27.6%) were L-CC, 
and 16, 920 (23.1%) were ReC. As shown in Table 1, there 
were significant differences in gender, age, tumor grade, 
tumor location, tumor size, marital status, T stage, N 
stage, CEA, and other factors among the patients enrolled 
in the study (P<0.001). Gender, age, and marital status 
were significantly different between groups (P<0.001). 
The ReC group included the highest percentage of male 
patients (59.2%), whereas the R-CC group had the highest 
percentage of female patients (53%). The R-CC group had 
the most patients ≥60. There was a significant difference in 
marital status among the 3 groups, and the proportion of 
L-CC tumors with a better prognosis was higher in patients 
with stable marital status (Table 1). Only the variables of year 
of diagnosis and combined with liver metastases showed no 
significant difference (Table 1, P>0.05).

After propensity score matching (PSM) was used to 
balance the differences in baseline characteristics among the 
3 groups, 8,670 patients in each group were screened out 
by matching in a ratio of 1:1. Analysis of the characteristics 
of the 3 groups of cases after matching showed that the 
propensity score distribution of the 3 groups of cases was 
consistent. The standardized mean difference (SMD) was 
significantly reduced after propensity score weighting 
(SMD <0.1), and the matching score was stable and reliable 
(Figure 2). This indicated that the case data of the 3 groups 
had better comparability after matching. On this basis, the 
differences after matching were compared, and the results 
showed that the differences were significantly reduced  
(Table 1). Gender, marital status, histological type, TNM 
stage, liver metastasis, LNR, and CEA were statistically 
significant before and after PSM. There was no difference 
in whether the metastases were treated surgically among 
the 3 groups (P=0.896). At the end of follow-up, 43,405 
(59.2%) patients were alive. Overall, 7,537 (10.3%) patients 
had liver metastases only, and 10,777 (14.7%) patients had 
distant metastases.

SEER for Colorectal Cancer with 2010–2015 
(n=728,979)

Exclude if other Metastatic sites 
(n=356,478)

Exclude unknown TNM staging and  
not death certification

(n=186,528)

Exclude did not receive chemotherapy  
and radiation 

(n=98,657)

Exclude Unknow clinicopathological  
and surgery records

(n=73,350)

RCC
(n=36,164)

LCC
(n=20,266)

ReC
(n=16,920)

Figure 1 Flowchart of data selection by inclusion and exclusion 
criteria. SEER, Surveillance, Epidemiology, and End Results; 
TNM, tumor node metastasis classification; RCC, right colon 
cancer; LCC, left colon cancer; ReC, rectal cancer. 
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Table 1 Demographic and tumor baseline characteristics of the 3 groups before and after PSM

Clinicopathological 
variables

Unweighted result, n (%) PSM result, n (%)

R-CC L-CC ReC P R-CC L-CC ReC P

Total 36,164 (49.3) 20,266 (27.6) 16,920 (23.1) 8,670.00 8,670.00 8,670.00

Age, years <0.001 0.25 

<60 8,017 (22.2) 7,720 (38.1) 7,527 (44.5) 1,612 (18.6) 3,624 (41.8) 4,136 (47.7) 

≥60 28,147 (77.8) 12,546 (61.9) 9,393 (55.5) 7,058 (81.4) 5,046 (58.2) 4,534 (52.3) 

Sex <0.001 0.18 

Male 16,986 (47.0) 11,029 (54.4) 10,025 (59.2) 4,188 (48.3) 4,517 (52.1) 5,089 (58.7) 

Female 19,178 (53.0) 9,237 (45.6) 6,895 (40.8) 4,482 (51.7) 4,153 (47.9) 3,581 (41.3)

Year of diagnosis 0.11 0.96 

2010–2012 17,818 (49.3) 10,209 (50.4) 8,257 (48.8) 4,370 (50.4) 4,439 (51.2) 4,309 (49.7) 

2013–2015 18,346 (50.7) 10,057 (49.6) 8,663 (51.2) 4,300 (49.6) 4,231 (48.8) 4,361 (50.3) 

Histologic type <0.001 <0.001 

Adenocarcinomas 30,965 (85.6) 18,806 (92.8) 15,875 (93.8) 7,213 (83.2) 7,864 (90.7) 7,985 (92.1) 

Non-adenocarinomas 5,199 (14.4) 1,460 (7.2) 1,045 (6.2) 1,457 (16.8) 806 (9.3) 685 (7.9) 

Grade  <0.001 0.08 

Grade I 2,463 (6.8) 1,489 (7.3) 1,124 (6.6) 511 (5.9) 599 (6.9) 546 (6.3) 

Grade II 24,373 (67.4) 15,682 (77.4) 13,362 (79.0) 6,008 (69.3) 6,658 (76.8) 6,745 (77.8) 

Grade III 7,590 (21.0) 2,605 (12.9) 2,089 (12.3) 2,037 (23.5) 980 (11.3) 997 (11.5) 

Grade IV 1,738 (4.8) 490 (2.4) 345 (2.0) 114 (1.3) 433 (5.0) 382 (4.4) 

AJCC 6th ed <0.001 0.07 

I 6,698 (18.5) 3,558 (17.6) 3,136 (18.5) 1,518 (17.5) 1,326 (15.3) 1,491 (17.2) 

II 12,555 (34.7) 6,102 (30.1) 4,652 (27.5) 3,190 (36.8) 2,462 (28.4) 2,124 (24.5) 

III 11,530 (31.9) 7,154 (35.3) 7,188 (42.5) 2,662 (30.7) 3,286 (37.9) 3,867 (44.6) 

IV 5,381 (14.9) 3,452 (17.0) 1,944 (11.5) 1,300 (15.0) 1,596 (18.4) 1,188 (13.7) 

T-stage <0.001 <0.001 

T1 2,699 (7.5) 1,846 (9.1) 1,476 (8.7) 598 (6.9) 988 (11.4) 590 (6.8) 

T2 5,424 (15.0) 2,769 (13.7) 2,861 (16.9) 1,231 (14.2) 1,379 (15.9) 1,743 (20.1) 

T3 20,827 (57.6) 11,646 (57.5) 10,514 (62.1) 5,531 (63.8) 4,681 (54.0) 5,020 (57.9) 

T4 7,214 (19.9) 4,005 (19.8) 2,069 (12.2) 1,310 (15.1) 1,622 (18.7) 1,317 (15.2) 

N-stage <0.001 <0.001 

N0 20,085 (55.5) 10,346 (51.1) 8,168 (48.3) 5,124 (59.1) 4,170 (48.1) 4,578 (52.8) 

N1 9,200 (25.4) 6,196 (30.6) 5,771 (34.1) 1,726 (19.9) 2,818 (32.5) 2,592 (29.9) 

N2 6,879 (19.0) 3,724 (18.4) 2,981 (17.6) 1,820 (21.0) 1,682 (19.4) 1,500 (17.3) 

Table 1 (continued)
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Table 1 (continued)

Clinicopathological 
variables

Unweighted result, n (%) PSM result, n (%)

R-CC L-CC ReC P R-CC L-CC ReC P

M-stage <0.001 <0.001 

M0 30,783 (85.1) 16,814 (83.0) 14,976 (88.5) 7,638 (88.1) 7,023 (81.0) 7,725 (89.1) 

M1 5,381 (14.9) 3,452 (17.0) 1,944 (11.5) 1,032 (11.9) 1,647 (19.0) 945 (10.9) 

Combined diagnosis-liver 0.34 0.05 

Yes 3,553 (9.8) 2,591 (12.8) 1,393 (8.2) 754 (8.7) 1,162 (13.4) 806 (9.3) 

No 32,611 (90.2) 17,675 (87.2) 15,527 (91.8) 7,916 (91.3) 7,508 (86.6) 7,864 (90.7) 

Surg Oth Reg/Dis <0.001 0.75 

Yes 2,844 (7.9) 1,812 (8.9) 1,352 (8.0) 533 (6.2) 660 (7.7) 815 (9.4) 

No 33,302 (92.1) 18,444 (91.0) 15,557 (91.9) 8,132 (93.8) 8,002 (92.3) 7,846 (90.6) 

Unknown 18 (0.0) 10 (0.0) 11 (0.1) 5 (0.0) 8 (0.1) 9 (0.1) 

Primary tumor size  <0.001 0.69 

<5 cm 19,276 (53.3) 12,369 (61.0) 10,089 (59.6) 4,552 (52.5) 5,497 (63.4) 5,297 (61.1) 

≥5 cm 16,888 (46.7) 7,897 (39.0) 6,831 (40.4) 4,118 (47.5) 3,173 (36.6) 3,373 (38.9) 

Marital status  <0.001 0.04 

Married 19,787 (54.7) 11,711 (57.8) 10,149 (60.0) 4,500 (51.9) 5,115 (59.0) 5,367 (61.9) 

Single 5,117 (14.1) 3,641 (18.0) 2,897 (17.1) 1,361 (15.7) 1,587 (18.3) 1,439 (16.6) 

SDW 11,260 (31.1) 4,914 (24.2) 3,874 (22.9) 2,809 (32.4) 1,968 (22.7) 1,864 (21.5) 

Radiation recode  <0.001 0.08 

Yes 470 (1.3) 624 (3.1) 8,771 (51.8) 78 (0.9) 303 (3.5) 4,430 (51.1) 

No 35,964 (98.7) 19,642 (96.9) 8,149 (48.2) 8,592 (99.1) 8,367 (96.5) 4,240 (48.9) 

Chemotherapy recode <0.001 0.40 

Yes 13,081 (36.2) 9,268 (45.7) 11,339 (67.0) 3,026 (34.9) 3,890 (44.9) 5,982 (69.0) 

No 23,083 (63.8) 10,998 (54.3) 5,581 (33.0) 5,644 (65.1) 4,777 (55.1) 2,688 (31.0) 

LNR <0.001 <0.001 

<0.3 31,442 (86.9) 17,557 (86.6) 14,960 (88.4) 7,560 (87.2) 7,655 (88.3) 7,716 (89.0) 

≥0.3 4,722 (13.1) 2,709 (13.4) 1,960 (11.6) 1,110 (12.8) 1,015 (11.7) 954 (11.0) 

CEA level   <0.001    0.13 

Positive 15,041 (41.6) 8,932 (44.1) 7,275 (43.0)  3,546 (40.9) 4,023 (46.4) 3,884 (44.8)  

Negative 21,123 (58.4) 11,334 (55.9) 9,645 (57.0)  5,124 (59.1) 4,647 (53.6) 4,786 (55.2)  

The data in brackets represent the number of this item accounts for the total number of clinicopathological variables in a kind of colorectal 
cancer. For example, 22.2% is the number of patients whose age <60 (8,017) accounts for total number of R-CC (36,164). PSM, 
propensity score matching; R-CC, right-sided colon cancer; L-CC, left-sided colon cancer; ReC, rectal cancer; AJCC, American Joint 
Committee on Cancer; Combined diagnosis -liver, with liver metastasis; Surg Oth Reg/Dis, having surgical operation on metastatic foci; 
SDW, separated, divorced and widowed; LNR, lymph node ratio; CEA, carcinoembryonic antigen.
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OS and liver metastasis

We then analyzed the OS before and after PSM. R-CC 
patients were associated with worse prognosis when 
compared to L-CC and ReC patients (Figure 3). The median 

OS of R-CC before and after PSM was 76.5 vs. 84.2 months 
(P<0.001), in L-CC it was 79.3 vs. 102.1 months (P<0.001), 
and in ReC it was 91.7 vs. 104.9 months (P<0.001). The 
results showed the relationship between OS and primary 
tumor in patients with liver metastases was clearer, and the 
stratification was clearer.

In the survival analysis of the subgroup with liver 
metastases and the subgroup with metastases from other 
sites, the median OS of R-CC, L-CC, and ReC were 17 vs. 
27 months (P<0.001), 28 vs. 37 months (P<0.001), and 32 
vs. 43 months (P<0.001), respectively. 

In summary, the OS rate in R-CC patients was significantly 
lower than those in the L-CC and ReC groups after PSM and 
in the Kaplan–Meier curve of the liver metastasis subgroup.

Survival benefits of clinical factors

After the PSM adjustment, multivariable Cox regression 
analysis was used to examine the risk factors associated 
with CRC mortality (Table 2). The risk factors of mortality 
were age ≥60 years old [vs. <60 years old; HR, 0.563; 95% 
confidence index (CI), 0.547–0.580; P=0.0438]; being 

Figure 3 Standardized difference before and after propensity score 
weighting. The level of balance between the treatment groups was 
verified by computing the standardized differences. LNR, lymph 
node ratio; CEA, carcinoembryonic antigen; AJCC, American 
Joint Committee on Cancer.

Figure 2 Kaplan-Meier curves comparing overall survival. (A) Kaplan-Meier survival curves; (B) Kaplan-Meier survival curves in PS-
adjusted analysis; (C) Kaplan-Meier survival curves with liver metastasis; (D) Kaplan-Meier survival curves with other-site metastasis. ReC, 
rectal cancer; R-CC, right-sided colon cancer; L-CC, left-sided colon cancer; PS, propensity score.
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Table 2 Univariate and multivariate Cox hazard regression for overall survival after PSM

Variables
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age, years

<60 Ref

≥60 0.578 0.563–0.594 <0.001 0.563 0.547–0.580 0.0438

Sex

Female Ref

Male 0.946 0.924–0.967 <0.001 0.829 0.810–0.849 0.221

Marital status

Single Ref

Married 0.805 0.778–0.833 <0.001 0.894 0.863–0.926 0.065

SDW 0.656 0.639–0.673 <0.001 0.719 0.700–0.739 0.039

Primary site

R-CC Ref

L-CC 0.884 0.855–0.914 <0.001 1.113 1.071–1.158 <0.001

ReC 1.224 1.191–1.257 <0.001 1.166 1.134–1.199 <0.001

Primary tumor size

<5 cm Ref

≥5 cm 0.708 0.692–0.724 <0.001 0.983 0.960–1.007 0.163

Year of diagnosis

2010–2012 Ref

2013–2015 1.068 1.043–1.094 0.231 1.038 1.013–1.063 0.137

Histologic type

Adenocarcinomas Ref

Unadenocarinomas 1.431 1.384–1.480 <0.001 1.126 1.087–1.166 <0.001

Grade (thru 2017)

Grade I Ref

Grade II 0.418 0.390–0.449 <0.001 0.687 0.639–0.738 0.067

Grade III 0.516 0.489–0.544 <0.001 0.727 0.689–0.768 0.237

Grade IV 0.844 0.797–0.893 <0.001 0.892 0.843–0.945 0.148

AJCC 6th ed

I Ref

II 0.145 0.139–0.151 0.501 0.297 0.270–0.327 0.201

III 0.215 0.209–0.222 0.161 0.273 0.255–0.293 0.176

IV 0.291 0.283–0.300 0.061 0.389 0.370–0.408 0.067

Table 2 (continued)
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Table 2 (continued)

Variables
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

T-stage

T1 Ref

T2 0.208 0.195–0.220 <0.001 0.375 0.344–0.408 <0.001

T3 0.28 0.268–0.292 <0.001 0.456 0.426–0.488 <0.001

T4 0.469 0.457–0.481 <0.001 0.635 0.618–0.653 <0.001

N-stage

N0 Ref

N1 0.334 0.325–0.344 <0.001 0.722 0.674–0.773 <0.01

N2 0.52 0.505–0.536 <0.001 0.873 0.839–0.908 <0.01

M-stage

M0 Ref

M1 0.229 0.223–0.235 <0.001 0.853 0.820–0.897 <0.001

Combined diagnosis-liver

No Ref

Yes 0.24 0.234–0.247 <0.001 0.735 0.701–0.771 <0.001

Surg Oth Reg/Dis

No Ref

Yes 0.967 0.583–1.604 0.896 1.316 0.793–2.184 0.288

Unknown 1.711 1.030–2.841 0.038 1.207 0.727–2.005 0.467

Radiation recode

No Ref

Yes 0.761 0.734–0.788 0.201 0.905 0.865–0.948 0.087

Chemotherapy recode

No Ref

Yes 0.976 0.954–0.998 0.033 2.05 1.991–2.111 0.041

LNR

<0.3 Ref

≥0.3 0.321 0.312–0.330 <0.001 0.634 0.609–0.661 <0.001

CEA level

Negative Ref

Positive 2.168 2.119–2.218 <0.001 0.677 0.637–0.694 <0.001

PSM, propensity score matching; HR, hazard ratio; CI, confidence interval; SDW, separated, divorced and widowed; R-CC, right-sided 
colon cancer; L-CC, left-sided colon cancer; ReC, rectal cancer; AJCC, American Joint Committee on Cancer; Surg Oth Reg/Dis, having 
surgical operation on metastatic foci; LNR, lymph node ratio; CEA, carcinoembryonic antigen.
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separated, divorced, or widowed (SDW) (vs. single; HR, 
0.719; 95% CI: 0.700–0.739; P=0.039); L-CC (vs. R-CC; 
HR, 1.113; 95% CI: 1.071–1.158; P<0.001) and ReC (vs. 
R-CC; HR, 1.166; 95% CI: 1.134–1.199; P<0.001); non-
adenocarcinomas (vs. adenocarcinomas; HR, 1.126; 95% 
CI: 1.087–1.166; P<0.001); T2 (vs. T1; HR, 0.375; 95% 
CI: 0.344–0.408; P<0.001), T3 (vs. T1; HR, 0.456; 95% CI: 
0.426–0.488; P<0.001), and T4 (vs. T1; HR, 0.635; 95% CI: 
0.618–0.653; P<0.001); N1 (vs. N0; HR, 0.722; 95% CI: 
0.674–0.773; P<0.001) and N2 (vs. N0; HR, 0.873; 95% CI: 
0.839–0.908; P<0.001); combined diagnosis (DX)-liver (vs. 
no combined DX-liver; HR, 0.735; 95% CI: 0.701–0.771; 
P<0.001); chemotherapy recode (vs. no chemotherapy 
recode; HR, 2.050; 95% CI: 1.991–2.111; P<0.001); LNR 
≥0.3 (vs. LNR <0.3; HR, 0.634; 95% CI: 0.609–0.661; 
P<0.001); and CEA level positive (vs. CEA level negative; 
HR, 0.677; 95% CI: 0.637–0.694; P<0.001).

In multivariate Cox hazard regression for OS in the liver 
metastases subgroup, PTL factors had a stronger association 
with OS than other factors (HR, 1.344, P<0.001) (Table 3).

Thus, CRC and CRC with liver metastases subgroup 
patients shared several favorable prognostic factors (age <60, 
married, low LNR, and low TNM stage) and a common 
unfavorable prognostic factor (R-CC). 

Discussion

The present study reported the first population-based 
analysis of propensity score adjustments to investigate the 
prognostic impact of PTL in metastatic colorectal cancer 
(mCRC) patients with primary tumor removal. This study 
adjusted for strong bias in various patient and tumor 
characteristics by using PSM, and the results found that the 
prognosis of patients with liver metastasis from left colon 
cancer and ReC was better than that of patients with right 
colon cancer. This conclusion was also true in the subgroup 
of colon cancer patients with liver metastases, and the 
correlation was even more significant.

Left and right colon cancers have different genetic 
signatures, so the location of the primary tumor should be 
considered when choosing chemotherapy or immunotherapy 
regimens for advanced CRC (21,22). A retrospective study 
of stage IV CRC patients who underwent liver metastases 
resection found that patients with R-CC had a higher 
probability of KRAS mutations and worse survival. In group 
analysis, however, tumor location was not associated with 
survival (23). Genomic analysis of patients with metastatic 
CRC showed the characteristic mutation frequency of left 

CRC was significantly different from that of right CRC, 
and in a multivariate model that considered all significant 
mutations, OS was independent of the location of the 
primary tumor (24,25). The above results demonstrated the 
importance of gene mutation differences on the outcome of 
patients with metastatic disease, while the primary location 
of the tumor is lack of in-depth study.

Multiple studies have suggested that the PTL influenced 
the prognosis of patients with advanced CRC, and 
patients with left-sided colon cancer (L-CC) had a better 
OS compared with that of patients with R-CCs (26-28). 
However, whether PTL was associated with long-term 
survival in patients with CRC liver metastases after radical 
resection of the primary tumor and metastatic tumor 
remains inconclusive. Our study used data of patients in the 
SEER database for survival analysis. The SEER database 
contains a large sample size and is used by the majority of 
clinical researchers. PSM reduces the effect of individual 
confounding factors and selective propensity on study 
results and is a method that can simultaneously match 
multiple variables to balance baseline differences (29,30). In 
the present study, we used the PSM method to investigate 
the effect of primary tumor resection of CRC on the 
prognosis and survival of colorectal liver metastases (CRLM) 
patients with unresectable metastases using a large amount 
of real clinical data from the SEER database. The results 
revealed that the OS of the left liver metastasis group and 
the nonmetastasis group was significantly longer than that in 
the right tumor group before and after matching, indicating 
that primary tumor resection had obvious advantages in the 
long-term survival and prognosis of patients. In the analysis 
of the general data of the patients, it was found that most of 
the patients whose primary tumor was located in the right 
colon were in a relatively older age group, with later T and 
N stages, and poorer differentiation by pathology.

In addition, the influence of primary tumor side of 
colon cancer on liver metastasis was analyzed. The results 
of multivariable analysis suggested that OS in patients 
with right-sided tumors was significantly reduced after 
recurrence. Therefore, the location of primary tumor is 
a factor worth considering when deciding on treatment 
strategies.

The location of the primary tumor was not included 
in previous risk assessments of CRC liver metastases 
recurrence. In the analysis of independent prognostic 
factors for patients, the influence of primary tumor site 
on the prognosis of patients is still unclear. Some scholars 
believe that the PTL has no significant impact on the 
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Table 3 Multivariate Cox hazard regression for overall survival in 
liver metastases subgroup

Primary site HR 95% CI P value

Age, years

<60 Ref

≥60 1.259 1.193–1.330 <0.001

Sex

Female Ref

Male 1.031 0.979–1.086 0.244

Marital status

Single Ref

Married 0.862 0.806–0.922 <0.001

SDW 1.016 0.939–1.098 0.698

Year of diagnosis

2010–2012 Ref

2013–2015 0.961 0.913–1.012 0.129

Primary site

R-CC Ref

L-CC 1.344 1.249–1.446 <0.001

ReC 1.244 1.168–1.326 <0.001

Histologic type

Adenocarcinomas Ref

Non-adenocarinomas 0.879 0.806–0.959 0.004

Grade (THRU 2017)

Grade I Ref

Grade II 0.99 0.862–1.136 0.881

Grade III 1.302 1.127–1.505 <0.001

Grade IV 1.568 1.319–1.865 <0.001

AJCC 6th ed

I Ref

II 0.382 0.351–0.502 <0.001

III 0.351 0.328–0.468 <0.001

IV 0.471 0.439–0.499 <0.001

T-stage

T1 Ref

T2 0.838 0.617–1.137 0.255

T3 1.087 0.836–1.414 0.532

T4 1.453 1.115–1.892 0.006

Table 3 (continued)

Table 3 (continued)

Primary site HR 95% CI P value

N-stage

N0 Ref

N1 1.285 1.188–1.390 <0.001

N2 1.329 1.212–1.458 <0.001

M-stage

M0 Ref

M1 0.927 0.894–1.221 <0.001

Surg Oth Reg/Dis

Yes Ref

No 0.75 0.709–0.794 <0.001

Unknown 0.617 0.293–1.299 0.203

Primary tumor size

<5 cm Ref

≥5 cm 1.1 1.045–1.157 <0.001

Radiation recode

Yes Ref

No 1.114 1.005–1.236 0.41

Chemotherapy recode

Yes Ref

No 0.416 0.390–0.440 <0.001

LNR

<0.3 Ref

≥0.3 1.436 1.338–1.541 <0.001

CEA level

Positive Ref

Negative 1.546 1.444–1.655 <0.001

HR, hazard ratio; CI, confidence interval; SMD, standardized 
mean difference; R-CC, right-sided colon cancer; L-CC, left-
sided colon cancer; ReC, rectal cancer; AJCC, American Joint 
Committee on Cancer; Surg Oth Reg/Dis, having surgical 
operation on metastatic foci; LNR, lymph node ratio; CEA, 
carcinoembryonic antigen.

improvement of long-term survival and prognosis of 
CRLM patients (31), while others believe that compared 
with a left primary tumor, the prognosis of patients with 
a right primary tumor is poor (32,33). The results of this 
study supported the latter view, with patients with right-
sided colonic lesions having a shorter OS than those with 
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left-sided colonic lesions, and patients with rectal primary 
lesions having the highest prognostic score. Previous study 
has reported that marital status may have an important 
impact on the prognosis of CRC patients (34). This study 
was the first to investigate the impact of marital status on 
the survival prognosis of CRLM patients, and the results 
showed that married patients could benefit both in terms 
of OS and cancer-specific survival (CSS) compared with 
nonmarried patients. Further, the results of this study also 
showed that factors such as advanced patient age, advanced 
N stage, and lack of radiotherapy were independent risk 
factors for survival and prognosis of CRLM patients.

The incidence of liver metastases from colon cancer is 
high. Currently, systemic chemotherapy and local surgery 
are used in clinical treatment of liver metastases from 
colon cancer. Although liver resection is currently the most 
effective local control treatment, the 5-year survival rate of 
patients after hepatectomy is low, and the recurrence rate 
after surgery is as high as 70%. One point of contention 
has been the dispute over the significance of the left and 
right colon for CRC. There are important differences 
between left and right colon cancers in demographics, 
clinical features, tumor properties, molecular mechanisms, 
treatment effects, and survival prognosis.

The poor clinical prognosis of CRLM makes effective 
treatment of patients challenging. For the treatment of 
metastases, it is often advocated that simultaneous resection 
should be used to improve the prognosis of patients. 
However, for patients with unresectable metastases, the 
treatment plan is mostly negotiated by a multidisciplinary 
medical team. There is still no consensus on the management 
of primary lesions of CRC. Therefore, in the context of 
current advances in CRLM treatment, studies with large 
samples of primary tumor resection are of great value.

Several factors affect the survival rate of patients with 
left or right colon tumors. Firstly, the parts in each side of 
the colon develop from different sources (35). Secondly, 
different parts of the colon have different functions, with 
the right colon mainly absorbing water, while the left colon 
promotes the passage of intestinal contents. In addition, 
the composition of intestinal microbiota in the right-sided 
and left-sided colon differs (36). Fusobacterium nucleatum, 
which has been reported to promote chemoresistance by 
modulating autophagy, were found in relatively higher 
abundance in left-sided CRC (37). Finally, gene mutations 
vary greatly in right-sided and left-sided tumors (38,39). 
Studies have reported that KRAS mutation and BRAF 
V600E mutation are predictive markers of resistance to 

epidermal growth factor-targeted antibodies (40,41), and 
BRAF V600E mutation is more common in proximal 
tumors (42). Furthermore, TP53 mutation frequency is 
higher in distal tumors (43), and metastatic CRC patients 
with TP53 mutation have been reported to have shorter 
survival after receiving chemotherapy (44). These findings 
indicated that the changes of tumor specific molecules vary 
with the location of the primary tumor.

Our study proposed that PTL could be used as an 
additional factor to measure the expected outcome of liver 
metastases resection. Studies have shown that vascular 
endothelial growth factor (VEGF) and epidermal growth 
factor receptor (EGFR) have important roles in the 
formation and development of CRC liver metastases, as 
does the expression of VEGF and EGFR in primary tumors. 
The increase of β-γ is detrimental to patient prognosis, 
and surgical resection suppresses its expression (45,46). 
At the same time, the existence of the primary tumor may 
also induce the adjacent tissue of the metastatic tumor to 
generate a tumor microenvironment that is conducive to 
tumor cell invasion, metastasis, growth, and reproduction, 
and the presence of tumor stem cells in the primary 
tumor also increases VEGF expression, thereby inducing 
angiogenesis and jointly promoting tumor development (47). 
In addition, the persistence of inflammatory factors in the 
primary tumor of CRC can also affect the development 
of tumors. Among them, inflammatory factors interferon 
gamma (IFN-γ) and interleukin-10 (IL-10) can exert 
antitumor immunity or induce tumor immune resistance. 
Tumor development is regulated by other processes (48), 
and thus resection of the primary CRC may reverse the 
above-mentioned adverse factors, thereby improving the 
prognosis of CRLM patients. Further, with the continuous 
development of modern minimally invasive concepts, 
various techniques such as laparoscopic-assisted surgery and 
robot-assisted surgery have gradually matured, improving 
the surgical resection effect of the primary tumor, reducing 
adverse reactions, and shortening postoperative recovery 
time, which allows patients to have a higher quality of life 
and also enables earlier initiation of systemic chemotherapy, 
thereby improving patient outcomes (49,50).

This study had some shortcomings. Although the study 
was based on a large amount of real data from the US SEER 
database, it was still limited by the existing data. First, this 
study was only based on patients whose primary tumor had 
been surgically treated. Second, the SEER database does 
not provide information on the extent of liver metastases, 
the type of liver resection, the margin of resection (R0 or 
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R1), postoperative chemotherapy regimen and duration, 
radiotherapy dose and time, and tumor metastasis time and 
number. In addition, the SEER database lacks information 
regarding BRAF mutations as well as microsatellite 
instability, vascular nerve infiltration, and gene expression, 
which thus could not be further analyzed. Finally, the SEER 
database only provides information on OS and not disease 
progression or the tumor-free survival period, which may 
have led to bias in the analysis of tumor patients. Although 
this study used PSM to balance the differences in the 
baseline characteristics of patients, there were still some 
parameters that could not be balanced due to the interaction 
of many factors. Therefore, our research conclusions have 
certain limitations and as a result, multicenter, large-sample 
evidence-based studies are needed for further verification in 
the future. 

Conclusions

This population-based propensity score-adjusted analysis 
of mCRC patients provided compelling evidence that 
the survival rate of patients with surgically resected liver 
metastases from CRC varies with the location of the 
primary tumor. The survival rate of patients with R-CC was 
significantly lower than that of patients with L-CC or ReC. 
Whether the patient has an R-CC tumor or L-CC and 
ReC tumor is an important factor to be considered before 
surgery for metastatic disease. Targeted treatment strategies 
based on the location of the primary tumor may improve 
the prognosis of patients with R-CC.
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