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Purpose: In this study, we investigated both the characteristics of right colon cancer (RTCC) in comparison with those of 
left colon cancer (LTCC) and the impact of the location of the colon cancer on the prognosis.
Methods: We retrospectively analyzed the cases of 974 patients with nonmetastatic colon cancer who had undergone sur-
gery with a curative intent from January 2001 to December 2011. RTCC was defined as a tumor located proximal to the 
splenic flexure. The characteristics of RTCC cancer were investigated by using descriptive analyses, and their impacts on 
the prognosis were assessed by using a Cox multivariate regression.
Results: Compared to LTCC, RTCC showed a female-dominant feature, and an undifferentiated pathology was more fre-
quently observed. The number of lymph nodes retrieved from patients with RTCC was significantly higher than that re-
trieved from patients with LTCC. During 75 months of follow-up, peritoneal recurrence was more common in patients 
with RTCC than it was in patients with LTCC, and among the patients with stage III colon cancer, the disease-free and the 
overall survival rates were significantly worse in patients with RTCC. After adjustments with the other prognostic factors 
associated with colon cancer had been made, a tumor located at the right colon was found to be independently associated 
with poor prognosis. 
Conclusion: RTCC showed unique clinicopathologic features and was associated with a poorer prognosis. 
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INTRODUCTION

In the year 2013, 27,618 patients out of a total 225,343 cancer pa-
tients (12.3%) were diagnosed with colorectal cancer; it is the sec-
ond most common malignancy in men and the third in women 
according to a report by the Korean National Cancer Information 
Center [1]. If the colon is split into right and left portions based 
on the splenic flexure, each part is different in its embryological 
origin and shows different physiologic features. Accordingly, dif-
ferent carcinogenetic pathways between the 2 colonic segments 

have been suggested, and many differences in the clinical, patho-
logical, and genetic features according to the sidedness of the co-
lon cancer have been reported. The following differences have 
been noted: proximal colon cancers are more likely to be diploid 
and to have mucinous histology, a high level of microsatellite in-
stability (MSI), CpG island methylation, and BRAF mutation 
whereas left-sided colon cancers are often infiltrating lesions hav-
ing chromosomal instability and are more often aneuploidy [2-4].

Although which of these biologic differences according to tu-
mor location translate into meaningful differences in prognosis is 
still unclear, in recent studies, the location of the primary tumor 
has been emphasized for its prognostic and predictive role, with 
worse outcome being associated with right-sided colon cancer 
with distant metastasis [5-9]. However, in regard to patients who 
have undergone a curative resection of nonmetastatic colon can-
cer, the prognostic role of the primary tumor’s location is still a 
subject of debate [10-15]. For this reason, the aim of this study 
was to analyze the clinicopathological differences between right- 
and left-sided colon cancers and to evaluate the impacts of the 
sidedness of the primary tumor on recurrence and survival after a 
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curative resection of nonmetastatic colon cancer. 

METHODS

We retrospectively analyzed 974 consecutive patients who had 
undergone a curative resection between January 2001 and De-
cember 2011 at a single institution, Korea Cancer Center Hospi-
tal, after having been diagnosed with colon cancer. All patients 
were identified from a prospectively collected institutional 
colorectal cancer database. We included patients with a pathologi-
cally proven adenocarcinoma at the colon whose distal margins 
were proximally located to anal verge (AV), 15 cm at flexible en-
doscopy. Patients with mucosal cancer, distant metastasis, heredi-
tary colon cancer, or previous history of malignancy were ex-
cluded. Patients with synchronous colon cancer located on both 
the right and the left side of the colon were also excluded. Right 
colon cancer (RTCC) was defined as cancer with the tumor lo-
cated proximal to the splenic flexure whereas left colon cancer 
(LTCC) was defined as cancer with the tumor located between 
the splenic flexure and AV 15 cm. 

All patients underwent curative surgery after a preoperative 
staging workup including colonoscopy, computed tomography 
(CT), and positron emission tomography. Pathologic examina-
tions were performed by pathologists who were dedicated to the 
treatment of patients with gastrointestinal cancer and who used 
the 7th American Joint of Cancer Staging system. In addition to 
TNM information, data regarding lymphatic, vascular or perineu-
ral invasion, differentiation of the tumor, and histologic type were 
also collected. 

After recovery from surgery, adjuvant treatment was recom-
mended to all medically fit patients whose cancers were identified 
as stage II or stage III on pathologic examinations. The FOLFOX 
(5-fluorouracil, oxaliplatin, leucovorin) regimen was recom-
mended to all stage III patients. However, stage II patients were 
stratified according to the following features: high risk of recur-
rence, including obstruction or perforation at the primary tumor; 
pathologic T4 stage; poorly differentiated or mucinous/signet ring 
cell patterns; lymphovascular or perineural invasion. The FOLFOX 
regimen was recommended to high-risk stage II patients, depend-
ing on their medical fitness for undergoing adjuvant chemother-
apy. According to institutional policy, the FL regimen was recom-
mended to stage II patients without any high-risk features. How-
ever, for patients exhibiting a high level of MSI or loss of the pro-
tein MLH1 or MSH2 on immunohistochemistry tests, although 
such tests were not performed routinely, adjuvant chemotherapy 
was not recommended. Posttreatment surveillance was per-
formed using physical examinations and evaluations of the carci-
noembryonic antigen level, with or without cross-sectional imag-
ing, every 3–6 months for the first 2 years and then annually 
thereafter. 

Statistical analyses were performed using the R software package 
ver. 3.3.1 (R Foundation for Statistical Computing, Vienna, Aus-

tria). Descriptive statistics was used to analyze the clinical and the 
pathologic parameters according to the location of the colon can-
cer. Categorical variables were compared using the chi-square or 
Fisher exact test. An independent sample t-test or Wilcoxon rank 
sum test was used according to their normality. 

For the survival analysis, the Kaplan-Meier method was used. 
For the comparison of the survival results between the location 
groups, the log rank test was used. For the determination of the 
independency of the location of the colon cancer as a prognostic 
factor, a multivariate Cox regression with step-wise backward 
elimination was performed with other possible prognostic pa-
rameters. For the multivariate regression, variables whose P-val-
ues less than 0.5 on the univariate analyses were chosen. In the 
calculation of the disease-free survival (DFS), an event was de-
fined as any kind of recurrence or any cause of death. In all cases, 
a P-value less than 0.05 was considered as statistically significant. 

RESULTS

Among the identified 974 patients with colon cancer, 329 (33.8%) 
had RTCC and 645 (66.2%) had LTCC. The median age of the 
patients was 63 years (interquartile range [IQR], 54–70 years), and 
the male-to-female ratio was 1.3:1. One hundred thirty (13.3%) 
were found to have stage I cancer, 436 (43.7%) stage II cancer, and 
418 (42.9%) stage III cancer. When the ages of patients with LTCC 
and RTCC were compared, no statistically significant difference 
in median age was found. However, the frequency of female pa-
tients was significantly higher in patients with RTCC. The stage 
distributions and the kinds of adjuvant treatment did not differ 
between the 2 location groups. Neither did the frequencies of 
lymphatic, vascular, and perineural invasion. However, the fre-
quency of pathologic T4 stage cancer and the median number of 
total retrieved lymph node were significantly higher in patients 
with RTCC. Also, poor prognostic histologic features, including 
mucinous or signet ring cell features, were more frequently identi-
fied among the patients with RTCC (Table 1). 

During the median 74-month follow-up (IQR, 50- to 110- 
month follow-up), 154 recurrences (15.8%) and 169 deaths 
(17.3%) were observed. Among the 154 patients who experienced 
a recurrence, the liver was the most common relapse site, and the 
lungs were the second. Peritoneal recurrence was identified in 22 
patients (2.6%). Among the 22 patients with a peritoneal recur-
rence, 15 (15 of 329, 4.6%) had RTCC, which significantly out-
numbered the 7 with LTCC (P = 0.001). No other significant dif-
ferences at the site of the recurrence according to the location of 
the primary tumor were noted (Table 2). 

According to the Kaplan-Meier analyses, the 5-year DFS and the 
overall survival (OS) of all patients were 80.0% and 86.7%, respec-
tively. When the 5-year DFSs were compared according to patho-
logic stage, no difference between patients with stage I and II 
RTCC and those with stage I and stage II LTCC were found. 
However, in the stage III subgroup, RTCC patients showed a sig-
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nificantly worse DFS than the LTCC patients did (58% vs. 72.7%, 
P = 0.01) (Fig. 1). The 5-year OS of stage III patients also showed 
a significant difference between the location groups (66.6% RTCC 
vs. 82.3% LTCC, P = 0.0026), even though  no significant differ-
ences were found for the patients in the stage I and the stage II 
subgroups (Fig. 2)

To investigate the prognostic impact of the location of the colon 
cancer, we performed a Cox regression analysis with other clinical 
and pathological variables. The univariate analysis for DFS re-
vealed that the location of the colon cancer on the right side was 
associated with increased risk of recurrence or death (hazard ratio 
[HR], 1.21; 95% confidence interval [CI], 0.92–1.58), as were 
other clinicopathologic factors without statistical significance. 

However, after a multivariate analysis, having adjusted for other 
clinicopathologic factors, a cancer located on the right side of the 
colon was significantly associated with poor prognosis (adjusted 
HR [aHR], 1.49; 95% CI, 1.11–2.0; P = 0.009) (Table 3). In the 
Cox regression analysis for OS, cancer located on the right side of 
the colon constantly showed significant associations with OS on 
both the uni- and the multivariate analyses (aHR, 1.64; 95% CI, 
1.15–2.36; P = 0.007) (Table 4).  

DISCUSSION

In this single-institution retrospective study, we found that pa-
tients with RTCC showed distinct clinical and pathological fea-
tures, including an increased frequency of pathologic T4 stage 
cancer and a mucinous or poorly differentiated histology. Also, 
patients with RTCC experienced more frequent peritoneal recur-
rence than patients with LTCC did. Although, only patients with 
RTCC in the stage III subgroup showed significant worse sur-
vival, in the multivariate analyses, a location of the primary tumor 
on the right side of the colon was an independent, poor prognos-
tic factor for recurrence-free and OS. Although many controver-
sies exist concerning the impact of the location of colon cancer on 
prognosis, a steady series of reports have stated that the location 
of the colon cancer does affect the prognosis. Recently, the re-
sponse to antiepidermal growth factor receptor (anti-EGFR) 
treatment has been reported to be worse in patients with meta-
static RTCC. At the 2016 American Society of Clinical Oncology 
meeting, Venook et al. retrospectively evaluated data from the 
phase III, CALGB/SWOG 80405 clinical trial, a clinical trial de-
signed to compare bevacizumab and cetuximab concurrent with 
chemotherapy as initial therapy for patients with metastatic 
colorectal cancer [6, 16]. They analyzed 293 patients with RTCC 
and 732 patients with LTCC. Those with a tumor on the left side 
had longer median OS (33.3 months) than those with a tumor on 

Table 1. Descriptive analyses according to the location of the colon 
cancer

Variable RTCC (n = 329) LTCC (n= 645) P-value

Sex 0.007

   Male 167 (50.8) 387 (60.0)

   Female 162 (49.2) 258 (40.0)

Age (yr) 64.0 (52.0–71.0) 63.0 (55.0–70.0) 0.994

Stage 0.554

   I 43 (13.1) 87 (13.5)

   II 137 (41.6) 289 (44.8)

   III 149 (45.3) 269 (41.7)

No. total LN 22.0 (16.0–31.0) 15.0 (10.0–21.0) <0.001

Pathologic LN 0 (0–2.0) 0 (0–2.0) 0.217

pT4    50 (15.2) 60 (9.3) 0.008

PD/MUC/SRC 48 (15.0) 26 (4.1) <0.001

Lymphatic invasion 128 (38.9) 255 (39.5) 0.904

Perineural invasion    60 (18.2) 136 (21.1) 0.335

Vascular invasion 41 (12.5) 62 (9.6) 0.209

Obstruction 29 (8.8) 67 (10.4) 0.506

Perforation 4 (1.2) 9 (1.4) 1.000

Adjuvant treatment, yes 250 (76.0) 521 (80.8) 0.098

Stage II

   FL 120/137 (87.6) 259/289 (89.6) 0.150

   FOLFOX 11/137 (8.0) 26/289 (9.0)

   None 6/137 (4.4) 4/289 (1.4)

Stage III

   FL 60/149 (40.3) 122/269 (45.4) 0.600

   FOLFOX 69/149 (46.3) 114/269 (42.4)

   None 20/149 (13.4) 33/269 (12.3)

Values are presented as number (%) or median (interquartile range).
RTCC, right colon cancer; LTCC, left colon cancer; LN, lymph node; PD, poor dif-
ferentiation; MUC, mucinous; SRC, signet ring cell; FL, 5-fluorouracil, leucovorin;  
FOLFOX, 5-fluorouracil, oxaliplatin, leucovorin.

Table 2. Patterns of recurrence according to the location of the colon 
cancer

Variable RTCC (n = 329) LTCC (n = 645) P-value

Recurrence 55 (16.7) 99 (15.3) 0.645

Site of recurrence

   Liver 18 (5.5) 35 (5.4) 1.000

   Lung 12 (3.6) 33 (5.1) 0.384

   Peritoneum 15 (4.6) 7 (1.1) 0.001

   Distant lymph node 15 (4.6) 27 (4.2) 0.917

   Bone 2 (0.6) 1 (0.2) 0.552

   Ovary 3 (0.9) 2 (0.3) 0.442

   Local recurrence 3 (0.9) 6 (0.9) 1.000

   Others 4 (1.2) 4 (0.6) 0.549

Values are presented as number (%).
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the right side (19.4 months) [5]. Regardless of the kind of anti-
EGFR agent, similar trends of inferior survival for patients with 
RTCC were observed in other retrospective studies that had ana-
lyzed the results of previous randomized controlled studies [7, 17, 
18]. 

However, in studies involving patients with nonmetastatic colon 
cancer, a poorer outcome for patients with RTCC was not con-
stantly observed among the stages, as was the case in studies in-
volving patients with metastatic cancers [10, 12, 15]. Recently, the 
results of 3 large-scale population-based studies involving 17,000 

Fig. 1. Disease-free survival according to the location of the colon 
cancer at pathologic stages I, II, and III. LTCC, left colon cancer; 
RTCC, right colon cancer.
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to 90,000 people with nonmetastatic colon cancer were reported. 
The first study showed a higher 5-year overall mortality (67% vs. 
71%, P < 0.01) and a lower DFS (73% vs. 74%, P < 0.01) for pa-
tients with RTCC. In subanalyses of survival according to stage, 
only patients with stage I and III cancer showed a significant dif-

ference in OS, and no difference according to stage was observed 
in the DFS [10]. The second study revealed a higher mortality risk 
for patients with stage III cancer located on the right side of the 
colon after adjustment for another covariate (HR, 1.12; 95% CI, 
1.06–1.18; P < 0.001) [15]. The last study examined the largest 

Fig. 2. Overall survival according to the location of the colon cancer 
at pathologic stages I, II, and III. LTCC, left colon cancer; RTCC, 
right colon cancer.
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population, more than 90,000 colon cancer patients. The propen-
sity score matching technique was applied to adjust for other con-

founders. Before the matching, patients with RTCC showed worse 
survival, as expected. However, after matching, the survival inferi-

Table 3. Cox regression analyses for prognostic factors of disease-free survival

Factor
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Male sex 1.15 (0.88–1.50) 0.305 1.25 (0.94–1.65) 0.122

Age 1.02 (1.01–1.03) 0.001 1.02 (1.00–1.03) 0.015

Stage I 1 1 -

Stage II 2.90 (1.40–6.02) 0.004 4.32 (1.99–9.37) <0.001

Stage III 6.89 (3.38–14.05) <0.001 6.20 (2.80–13.71) <0.001

Total examined LN 0.99 (0.98–1.00) 0.107 0.97 (0.96–0.99) 0.001

Pathologic LN 1.12 (1.09–1.16) <0.001 1.09 (1.05–1.14) <0.001

pT4 1.81 (1.27–2.57) 0.001 - -

PD/MUC/SRC 2.27 (1.55–3.34) <0.001 - -

Lymphatic invasion 2.40 (1.84–3.12) <0.001 1.42 (1.06–1.92) 0.021

Perineural invasion 2.18 (1.65–2.88) <0.001 1.49 (1.10–2.01) 0.010

Vascular invasion 2.80 (2.03–3.86) <0.001 1.61 (1.14–2.28) 0.006

Obstruction 2.05 (1.45–2.90) <0.001 1.50 (1.04–2.16) 0.031

Perforation 3.40 (1.68–6.88) 0.001 - -

Adjuvant treatment 0.75 (0.55–1.02) 0.065 0.49 (0.34–0.69) <0.001

Right colon cancer 1.21 (0.92–1.58) 0.169 1.49 (1.11–2.00) 0.009

HR, hazard ratio; CI, confidence interval; LN, lymph node; PD, poor differentiation; MUC, mucinous; SRC, signet ring cell.

Table 4. Cox regression analyses for prognostic factors of overall survival

Factor
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Male sex 1.15 (0.84–1.57) 0.374 1.34 (0.96–1.86) 0.085

Age 1.04 (1.02–1.06) <0.001 1.03 (1.02–1.05) <0.001

Stage I 1 - 1 -

Stage II 2.70 (1.16–6.29) 0.021 4.16 (1.70–10.17) 0.002

Stage III 6.38 (2.80–14.53) <0.001 5.16 (2.06–12.92) <0.001

Total examined LN 0.99 (0.97–1.00) 0.093 0.97 (0.95–0.99) <0.001

Pathologic LN 1.12 (1.08–1.15) <0.001 1.11 (1.05–1.17) <0.001

pT4 1.65 (1.08–2.52) 0.021 - -

PD/MUC/SRC 3.06 (2.04–4.59) <0.001 1.73 (1.09–2.72) 0.019

Lymphatic invasion 2.59 (1.89–3.54) <0.001 1.45 (1.01–2.06) 0.042

Perineural invasion 2.23 (1.61–3.08) <0.001 1.63 (1.14–2.31) 0.007

Vascular invasion 2.89 (2.01–4.17) <0.001 1.59 (1.08–2.35) 0.019

Obstruction 2.31 (1.57–3.40) <0.001 1.54 (1.03–2.32) 0.036

Perforation 2.66 (1.09–6.49) 0.031 0.45 (0.30–0.67) <0.001

Adjuvant treatment 0.59 (0.42–0.84) 0.003 0.45 (0.30–0.67) <0.001

Right colon cancer 1.45 (1.06–1.97) 0.020 1.64 (1.15–2.36) 0.007

HR, hazard ratio; CI, confidence interval; LN, lymph node; PD, poor differentiation; MUC, mucinous; SRC, signet ring cell.
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ority for patients with RTCC disappeared; rather, patients with 
RTCC showed superior survival overall (HR, 0.92; 95% CI, 0.89–
0.94; P < 0.001) and superior cancer-specific survival (HR, 0.9; 
95% CI, 0.87–0.93; P < 0.001) [12]. Those studies did not report 
any constant result of an inferior survival for patients with RTCC 
of any stage. However, common findings of those studies were 
that the survival rates of patients with RTCC were worse than 
those of patients with LTCC, especially for patients in stage III, 
and that with stage escalation, the decrease in the survival rate for 
patients with RTCC was more prominent than it was for patients 
with LTCC. Our study showed similar trends. In the stages I and 
II subgroup, the DFS and the OS did not differ according to the 
sidedness of the colon cancer, but in the stage III subgroup, pa-
tients with RTCC showed significantly worse survival. 

Although the reasons patients with RTCC show worse survival 
are still unclear, regarding the poor survival of patients with 
RTCC, especially those in an advanced stage, gene alterations that 
accumulate, along with the progression of colon cancer, might 
differ according to the cancer’s location [19, 20]. The colonic seg-
ment proximal to the splenic flexure (right-sided colon) and the 
distal segment (left-sided colon) are of different embryological 
origins [3]. Also, significant variations exist at the molecular level 
between right- and left-sided colon cancer, which may serve as 
the causes of all apparent differences in the clinical, pathological, 
and biological features [21-24]. Among the various genotypes re-
lated to right-sided colon cancer, the MSI is a well-known repre-
sentative feature of RTCC, which has been shown to have a favor-
able impact on the prognosis for patients who undergo a curative 
resection of stage II colorectal cancer [25]. Although MSI was not 
present, the superior outcomes for patients with RTCC in stage II 
in some studies may reflect these features of RTCC [12, 15, 26]. 
The BRAF is another component in the RAS-RAF-MAPK signal 
pathway, with a reported incidence of 2.5%–20% in patients with 
colorectal cancer [27, 28]. BRAF mutation is known to have a 
close relationship to right-sided colon cancer and its poor prog-
nosis [29-31]. Although BRAF mutations tend to coexist with 
MSI through their relationship with the high-level CpG island 
methylator phenotype and MLH1 promoter methylation, colon 
cancers with BRAF mutations showed dismal outcomes, regard-
less of MSI status [30, 32, 33]. Colon cancers with BRAF muta-
tions have distinct clinicopathological features, including being 
frequently observed in proximal colon cancer and more com-
monly having a mucinous, signet ring cell, or serrated pathology. 
Also, colon cancers with BRAF mutations are related to more fre-
quent peritoneal carcinomatosis [32, 33]. Although we found no 
relationship between the BRAF or the MSI status and our find-
ings, those molecular features might be possible clues to an expla-
nation for our results of frequent peritoneal carcinomatosis and 
poor prognosis for patients with RTCC.

The latest NCCN guidelines [34], based on the previously men-
tioned studies regarding the poor response to the use of the anti-
EGFR agent for the treatment of patients with RTCC, recom-

mend its use as a first-line treatment only for patients with LTCC 
[5, 6, 8, 9]. In regard to patients with nonmetastatic colon cancer, 
even though much evidence exists for the clinical impact of the 
sidedness of colon cancer on the prognosis, additional research is 
still needed if different therapeutic approaches are to be applied 
according to the location of the tumor.

As a limitation of our study, due to its’ retrospective nature, we 
were unable to obtain information about the genetic status of the 
tumor regarding MSI or BRAF, which might be a possible clue to 
an explanation of our findings. During the study period, our in-
stitution did not routinely perform the MSI test or immunohisto-
chemistry staining for mismatch repair proteins such as MLH1/
MSH2. Therefore, over treatments of stage II patients with a right-
sided tumor, who might have had MSI-H features, may have ex-
isted, and those treatments may have had an effect on the worse 
outcome observed for patients with RTCC. However, comparing 
the frequency of MSI-H with the Western countries, that of MSI-
H in advanced stages was relatively low based on domestic data. 
Therefore, we presumed that the confounding effect of MSI-H 
might be little [35]. Another limitation of this study is the possible 
existence of additional confounders, such as the surgeons’ experi-
ences, the patients’ comorbidities, and treatment after recurrence; 
those factors represent unmeasured confounders and may be the 
cause of a possible bias.

In summary, despite the limitations of this retrospective study, 
we found that the prognosis for patients with colon cancer was 
significantly affected by the location of the tumor, especially for 
patients with cancer in an advanced stage. We hope that our re-
sults would be a little step to lead the future researches to find the 
specific molecular markers which associated to our findings. 
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