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Introduction

There is an increasing incidence of right-sided colon cancer 
(RCC) in recent years. Previous studies have described 
diversities in biology and prognosis for colon cancer based 
on whether the primary is right-sided or left-sided (1,2). 
There is an ongoing debate as to whether tumor location 

itself represents an independent prognostic factor. Most of 
the previous studies have revealed that RCC would lead to 
an inferior prognosis (3,4). Suttie et al. reported that RCC 
has a worse prognosis, possibly because of more advanced 
staging and fewer curative resections (5). However, studies 
by Kwaan et al. (6) and Weiss et al. (7) demonstrated no 
difference in overall survival (OS) between RCC and 
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left-sided colon cancer (LCC). In contrast, Warschkow  
et al. (8) came to the opposite conclusion, namely that 
the prognosis of localized RCC is better relative to LCC. 
Weiss et al. (7) reported that the relationship between long-
term survival and tumor location in colon cancer is stage 
dependent. Retrospective analyses based on databases in 
some randomized controlled trials have indicated that in 
patients with RAS wild-type metastatic colorectal cancer 
(CRC), those with left-sided tumors had a markedly better 
prognosis than those with right-sided tumors (9). The 
survival diversity between RCC and LCC is still uncertain 
in patients without metastatic cancer. Most current studies 
are based on population databases from the United States or 
Europe (2-4,10,11). A systematic review and meta-analysis 
indicated that a significant difference in prognosis between 
RCC and LCC was identified only in Western countries, 
while it was inconsistent in Eastern countries (12). Hence, 
in the present study we aimed to perform a retrospective 
analysis of Chinese patients with the same stage colon 
cancer who underwent curative resection at our institute; 
the objective was to analysis if there were any differences 
in patient characteristics, clinicopathologic features and 
survival based on the location of the tumor.

Methods

Patients

A retrospective analysis of consecutive patients who 
underwent curative resection for histologically proven 
TNM stage III colon cancer at Peking Union Medical 
College Hospital between January 2005 and December 
2012 was conducted. Patients included to this study met the 
following criteria: had TNM stage III colon cancer on final 
pathologic examination; underwent curative resection at our 
institution; and had complete follow-up databases. Patients 
with rectal cancer were excluded because the treatment is 
different from that of colon cancer. 

The laparoscopic or open colectomy procedures were 
performed by the same team of surgeons according to the 
same oncologic principles. All patients underwent post-
operative adjuvant chemotherapy with 5-fluorouracil plus 
oxaliplatin (FOLFOX) or capecitabine plus oxaliplatin 
(XELOX). All patients were included in an oncological 
follow-up program for at least 5 years after surgery or until 
death in cases of recurrence.

Patient clinical outcomes and survival status were 
regularly followed up. Available variables included the 

following: age at diagnosis; gender; tumor size; histological 
type; TNM classification; vascular invasion; presence 
carcinoma nodules; presence or absence of mucinous 
adenocarcinoma (MAC); lymph node ratio (LNR); surgical 
approach and occult blood.

RCC was defined as those tumors located in the cecum, 
ascending colon, hepatic flexure, and transverse colon, 
while LCC was defined as those tumors located in the 
splenic flexure, descending colon, and sigmoid. Most 
previous reports have the similar definition (6). The TNM 
classification was defined according to the criteria of the 
American Joint Commission on Cancer/International 
Union against Cancer (AJCC/UICC). The LNR was 
calculated by dividing the number positive lymph nodes by 
the number of dissected lymph nodes (13).

Statistical analysis

All data were statistically analyzed using the statistical 
package for the social sciences, version 17.0 (SPSS Inc., 
Chicago, IL, USA). The correlation was calculated using 
the chi-square test (for categorical variables) and Student’s 
t-test (for continuous variables). The Cox proportional-
hazards model was used for univariate and multivariate 
analyses to identify the independent prognostic factors 
for OS and disease-free survival (DFS). OS and DFS were 
calculated using the Kaplan-Meier method. All tests of 
significance used two-sided P values at the <0.05 level.

Results

Characteristics of patients

Overall, 175 patients with histologically proven stage III 
colon cancer who underwent curative resection between 
January 2005 and December 2012 were selected for study 
analysis. The clinicopathologic data regarding all 175 of 
these patients are demonstrated in Table 1. Of the 175 
patients, 98 (56%) had RCC and 77 (44%) had LCC. Size 
was larger in right-sided than in left-sided tumors (P=0.01). 
RCC was found to be poorly differentiated (P=0.01), and 
was also more likely to develop carcinoma nodules (P=0.03). 
Moreover, MAC occurred more frequently in RCC 
(P=0.00). The mean LNR for RCC was higher than that 
for LCC (0.24±0.19 vs. 0.18±0.18; P=0.03). Nevertheless, 
no significant differences were found in terms of age at 
diagnosis, gender, tumor depth, lymph node stage, vascular 
invasion, and occult blood between RCC and LCC.
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Table 1 Clinical characteristics of 175 colon cancer patients by tumor location

Characteristic Right colon (%), N=98 (56%) Left colon (%), N=77 (44%) P value

Age (years, mean ± SD) 62.35±14.69 62.44±10.09 0.287

Gender 0.388

Female 47 31

Male 51 46

Tumor size (cm, mean ± SD) 5.45±2.05 4.41±2.10 0.005

Histology 0.006

Well 8 8

Moderately 65 62

Poorly 25 7

MAC 0.000

Yes 37 9

No 61 68

Tumor depth 0.708

T3 74 60

T4 24 17

Lymph node metastasis 0.668

N1a 27 26

N1b 29 23

N1c 9 5

N2a 15 14

N2b 18 9

LNR (mean ± SD) 0.24±0.19 0.18±0.18 0.030

Vascular invasion 0.928

Yes 8 6

No 90 71

Carcinoma nodule 0.032

Yes 17 5

No 81 72

MAC, mucinous adenocarcinoma; LNR, lymph node ratio.

Survival analysis by tumor location

Univariate and multivariate analyses were performed to 
investigate independent prognostic factors for OS and DFS 
using the Cox proportional-hazards model (Tables 2,3).  
Right-sided (HR, 3.11; 95% CI, 1.50–6.46; P=0.00) and 

LNR (HR, 22.99; 95% CI, 6.52–81.16; P=0.00) were 
indicated to be independent negative prognostic factors 
for OS (HR, 3.08; 95% CI, 1.58–6.03; P=0.00) as well as 
negative prognostic factors for DFS (HR, 12.60; 95% CI, 
3.98–39.88; P=0.00). The Kaplan-Meier survival analysis 
demonstrated that patients with RCC had poorer OS 
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Table 2 Univariate and multivariate analysis of prognostic indicators of OS for the 175 colon cancer patients

Parameters
Univariate analysis Multivariable analysis

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

Location 1.50 0.87–2.59 0.144 3.11 1.50–6.46 0.002

Histology 0.64 0.34–1.19 0.160 1.30 0.35–1.71 0.523

Size 1.04 0.90–1.19 0.597 1.04 0.90–1.19 0.621

MAC 0.75 0.42–1.34 0.330 1.11 0.52–2.35 0.795

Carcinoma nodule 0.49 0.25–0.95 0.035 0.72 0.28–1.89 0.508

LNR 11.83 3.79–36.87 0.000 22.99 6.52–81.16 0.000

OS, overall survival; MAC, mucinous adenocarcinoma; LNR, lymph node ratio.

Table 3 Univariate and multivariate analyses of prognostic indicators for DFS for the 175 colon cancer patients

Parameters
Univariate analysis Multivariable analysis

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

Location 1.55 0.94–2.55 0.089 3.08 1.58–6.03 0.001

Histology 0.60 0.34–1.05 0.072 1.06 0.52–2.16 0.883

Size 0.98 0.86–1.12 0.744 0.95 0.83–1.09 0.457

MAC 0.84 0.49–1.44 0.527 1.15 0.57–2.31 0.693

Carcinoma nodule 0.53 0.29–0.98 0.043 1.01 0.39–2.63 0.982

LNR 8.95 3.20–25.00 0.000 12.60 3.98–39.88 0.000

DFS, disease-free survival; MAC, mucinous adenocarcinoma; LNR, lymph node ratio.

and inferior DFS than patients with LCC (Figures 1,2). 
The mean OS for the RCC and LCC patient groups was 
89.55±9.52 and 100.32±4.93 months, respectively (P=0.02; 
95% CI, 79.72–99.38 and 90.66–109.97). The 5-year OS 
rates of patients with RCC and those with LCC were 65.3% 
and 74.0%, respectively. The mean DFS for the RCC and 
LCC patient groups was 76.19±5.41 and 92.58±5.83 months,  
respectively (P=0.04; 95% CI, 65.59–86.79 and 81.18–
104.01). The 5-year DFS rates for patients with RCC and 
those with LCC were 57.1% and 68.8%, respectively.

Discussion

Recently, several studies have focused on the analysis of colon 
cancer according to tumor location. There is still controversy 
regarding whether RCC without metastasis leads to worse 
survival than LCC. Through examination of the 175 cases 
in the present study, we found that RCC was different from 

LCC in both clinicopathologic features and survival. RCC 
was larger in size as well as poorly differentiated. Several 
previous studies have indicated similar findings (3,14). We 
analyzed a greater number of clinicopathologic features 
than previous studies and found that MAC occurred more 
frequently in RCC. As compared with LCC, RCC was 
more likely to develop carcinoma nodules. Furthermore, we 
calculated the LNR of our patients, which has been validated 
in a large series of colon cancer patients as an independent 
prognostic factor (13,15). A higher LNR value was observed 
in patients with RCC in this survey. No significant 
differences were found in terms of tumor depth, lymph 
node stage, vascular invasion, and occult blood. Patient age 
at diagnosis was similar for RCC and LCC. This finding 
contrasts with most recent studies, which revealed that 
patients who had a right-sided colectomy were older (6,10). 
When it comes to mortality, RCC demonstrated significantly 
poorer OS and inferior DFS. 
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In the current study, regression analysis indicated that 
tumor size, histology, presence of carcinoma nodules, and 
MAC did not impact on the OS and DFS rate, whereas 
tumor location and LNR were significant predictors of 
the OS and DFS. This suggests that a right-sided tumor 
location and an increasing positive LNR predict significantly 
worse survival. Most of the previous studies have reported 
a similar finding that RCC would lead to inferior prognosis 
(2-5,10,14). However, the results reported by Kwaan et al. 
and Weiss et al. demonstrated no difference in OS between 
RCC and LCC (6). Conversely, Warschkow et al. came to a 
conclusion that was completely opposed to ours, namely that 
the prognosis for localized RCC is better than for LCC (8). 

The different clinicopathologic features and survival 
times between RCC and LCC suggested that carcinomas of 
right and left colon may be considered as different tumor 
entities. The reason for the relationship between long-
term survival and tumor location is most likely related to 
tumor biology. The left-sided and right-sided colons are 
of different embryological origins and have different blood 
supplies. The right-sided colon develops from the midgut 
and the left-sided colon from the hindgut. Moreover, these 
two are reported to be physiologically different (9,16). In 

the present study, MAC tended to be found more often in 
RCC. MAC is an uncommon and rare histopathologic type 
of CRC. Previous studies have revealed that the oncologic 
behavior of MAC tumors differs from non MAC tumors, 
and that MAC was an independent negative prognosis 
factor for survival in colon cancer (17,18). A retrospective 
review of the pathological records of 5,817 CRC patients 
indicated that MAC patients had metastatic disease more 
frequently (19). A considerable discrepancy regarding LNR 
was observed between the two tumor locations. The LNR 
has recently emerged as an important prognostic factor in 
CRC, because a higher LNR was significantly associated 
with a shorter OS and DFS (20); this discrepancy leads to 
distinct outcomes. Consequently, we should administer 
different treatment for these two separate entities.

Previous findings have suggested that the molecular 
pathogenesis of the microsatellite stable phenotype in the 
left-sided colon was different from that in the right-sided 
colon (21). As a significant carcinogenesis mechanism of 
CRC, microsatellite instability (MSI) has a prevalence 
of 12–18% in sporadic CRC (22). In a randomized trial 
involving FOLFOX-based adjuvant chemotherapy in stage 
III colon cancer patients, MSI was significantly associated 
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with RCC (23). Several studies have shown that MSI is 
associated with a favorable prognosis in patients with  
CRC (24). Nevertheless, a recent study published by Shin  
et al. claimed that MSI is an independent negative prognosis 
factor in stage II CRC (22). 

We would like to acknowledge the limitations of this 
study. To begin with, it was a retrospective analysis of 
patients carried out at only a single-institution. Secondly, 
the sample size of our research was relatively small for 
a retrospective study. Thirdly, as a result of a lack of 
information regarding MSI, we did not analyze the 
relationship between tumor location, MSI, and survival. 
Additional randomized trials or other studies are needed 
to verify the relationship between tumor location and 
prognosis in patients with colon cancer.

Conclusions

Patients with a RCC had more negative prognostic factors, 
and led to inferior outcomes as compared with those with 
LCC. We believe that RCC should be treated differentially 
from LCC; patients with RCC may be considered an 
indication for a more aggressive therapeutic plan. In 
addition, the establishment of standardized management for 
colon cancer in terms of tumor location is needed.
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