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Purpose: We evaluate the prognostic value of primary tumor location for oncologic outcomes in patients with colon can-
cer (CC). 
Methods: CC patients treated with curative surgery between 2009 and 2012 were classified into 2 groups: right-sided co-
lon cancer (RCC) and left-sided colon cancer (LCC). Recurrence-free survival (RFS) and overall survival (OS) were ex-
amined based on tumor stage. Propensity scores were created using eight variables (age, sex, T stage, N stage, histologic 
grade, presence of lymphovascular invasion/perineural invasion, and microsatellite instability status). 
Results: Overall, 2,329 patients were identified. The 5-year RFSs for RCC and LCC patients were 89.7% and 88.4% (P = 
0.328), respectively, and their 5-year OSs were 90.9% and 93.4% (P = 0.062). Multivariate survival analyses were carried out 
by using the Cox regression proportional hazard model. In the unadjusted analysis, a marginal increase in overall mortality 
was seen in RCC patients (hazard ratio [HR], 1.297; 95% confidence interval [CI], 0.987–1.704, P = 0.062); however, after 
multivariable adjustment, similar OSs were observed in those patients (HR, 1.219; 95% CI, 0.91–1.633; P = 0.183). After 
propensity-score matching with a total of 1,560 patients, no significant difference was identified (P = 0.183). A slightly 
worse OS was seen for stage III RCC patients (HR, 1.561; 95% CI, 0.967–2.522; P = 0.068) than for stage III LCC patients. 
The 5-year OSs for patients with stage III RCC and stage III LCC were 85.5% and 90.5%, respectively (P = 0.133). 
Conclusion: Although the results are inconclusive, tumor location tended to be associated with OS in CC patients with 
lymph node metastasis, but it was not related to oncologic outcome.
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INTRODUCTION

In colon cancer, the current clinicopathological risk factors guid-

ing the prescription of postsurgical therapy for avoiding disease 
progression and death include the presence of perforation and/or 
obstruction, vascular invasion, pT4 classification, and tumor stage 
and grade [1-4]. Because several current gold standard prognostic 
factors exist, the importance of sidedness as a prognostic factor 
for patients with colon cancer has received little attention. How-
ever, a role has recently been suggested for the primary tumor lo-
cation as a prognostic factor in patients diagnosed with colon 
cancer [5]. Several differences in terms of clinical manifestations, 
pathologic features, and embryologic development exist between 
right-sided colon cancer (RCC) and left-sided colon cancer (LCC) 
[1, 6-12]. Furthermore, large genetic database analyses of colon 
cancers originating in the right and the left colon have demon-
strated differential molecular biological tumor patterns between 
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RCC and LCC [6, 7, 10, 11, 13, 14].
According to the current major guidelines, when selecting pa-

tients at disease stages II and III for adjuvant chemotherapy, all 
clinicopathological risk factors, including pT4 classification, vas-
cular invasion, grade, stage, and obstructing and/or perforating 
presentation, should be considered [1, 15-17]. However, in addi-
tion to these standard clinicopathological risk factors, the location 
of the primary tumor influences the survival benefit of adjuvant 
chemotherapy for the treatment of colorectal cancer [18]. More 
aggressive treatments seem to be required to treat RCC patients 
[1], owing to the prognoses for those patients being inferior to the 
prognoses for LCC patients. However, the associations of tumor 
side with oncologic outcomes and its effect on treatment are not 
clear. Thus, we evaluate the prognostic value of the primary tu-
mor’s location on oncologic outcomes for patients with colon 
cancer. In our propensity-score matched analysis, we evaluated 
the prognostic value of primary tumor location for patients with 
colon cancer. 

METHODS

Patients
A total of 2,329 patients who underwent curative surgery for co-
lon cancer between January 2009 and December 2012 were in-
cluded. Of these, 1,285 patients (55.2%) had LCC while 1,044 pa-
tients (44.8%) had RCC. RCCs were defined as those arising from 
the cecum to, and including, the transverse colon. LCCs were de-
fined as those arising from the splenic flexure down to, and in-
cluding, the rectosigmoid junction. The exclusion criteria were as 
follows: concurrent distant metastasis at diagnosis, concurrent in-
flammatory bowel disease, hereditary colorectal cancer syn-
dromes, concurrent malignancy, and prior history of malignancy. 
All the patients who had colon cancer underwent surgery by 
seven specialized colorectal surgeons. The study protocol was ap-
proved by the Institutional Review Board of Asan Medical Center 
(registration number: S2017-2357-0001), in accordance with the 
Declaration of Helsinki. Informed consent form was waived due 
to the retrospective nature of this study, and approved by the IRB.

Statistical analysis 
Survival curves were constructed using the Kaplan-Meier method 
and were compared using log-rank tests. The associations be-
tween clinical factors and RFS were assessed using the Cox pro-
portional hazard regression model. P < 0.05 was considered sta-
tistically significant. All statistical analyses were performed using 
R version 3.1.2 (R Foundation for Statistical Computing, Vienna, 
Austria) and IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, 
NY, USA). 

Propensity scores were generated by using the R package ‘‘Match 
It’’ (The Comprehensive R Archive Network: http://cran.r-project.
org). Propensity scores to determine matched pairs between the 
groups were created using eight variables (age, sex, T/N stage, his-

tologic grade, presence of lymphovascular invasion, presence of 
perineural invasion, and microsatellite instability [MSI] status) 
that could potentially influence the oncologic outcomes for pa-
tients with colon cancer. Group comparisons between before and 
after matching were performed using the chi-square test or Fisher 
exact test for categorical variables and the Student t-test for con-
tinuous variables. 

RESULTS

Patient characteristics
For the present investigation, 2,329 patients diagnosed with colon 
cancer between 2009 and 2012 were included. The mean follow-
up duration was 66.5 ± 16.2 months, and the median follow-up 
duration was 66 months (interquartile range, 6–94 months). Table 
1 compares the patients’ characteristics between the 2 groups; the 
analysis indicated relevant imbalances for the characteristics of all 
patients. Patients with RCC had more advanced tumor stages and 
higher T-stages, more often had mucinous carcinomas, more of-
ten had high MSI, were older, and were more often female (all, P < 
0.001). The details of adjuvant chemotherapy are summarized in 
Table 2. No significant differences in the chemotherapy regimens 
between the 2 groups were fund (before matching: P = 0.509, after 
matching: P = 0.178).

Oncologic and survival outcomes according to the location 
of the primary tumor
The overall survival (OS) and recurrence-free survival (RFS) did 
not differ between RCC and LCC (Table 3). Both systemic and lo-
cal recurrences were also similar between the 2 groups when ana-
lyzed according to stage. Specifically, the 5-year RFS rate for pa-
tients with RCC was 89.7%, compared with 88.4% for patients 
with LCC (P = 0.83). The observed 5-year OS rate for patients 
with RCC was 90.9% compared with 93.4% for patients with 
LCC. In the unadjusted analysis, RCC was associated with a mar-
ginally significantly increased risk in overall mortality (hazard ra-
tio [HR] of death, 1.297; 95% confidence interval [CI], 0.987–
1.704; P = 0.062) (Table 3, Fig. 1A). After multivariable adjust-
ment, patients with RCC had an OS similar to that (HR, 1.219; 
95% CI, 0.91–1.633; P = 0.183) in patients with LCC (Table 3). No 
significant differences in OS and RFS between RCC and LCC 
were found for patients with stage I or II disease (Table 3). 

Adjustment for patients’ characteristics with propensity 
score matching
After propensity-score matching, a total of 1,560 patients (right-
sided, 780; left-sided, 780) were selected for analysis. The baseline 
characteristics according to the surgical procedures for all patients 
and for the propensity-matched groups are depicted in Table 1. 
Significant differences were found in stage, histologic grade, pres-
ence of lymphovascular invasion, presence of perineural invasion, 
and MSI status between the right-sided and the left-sided groups 
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before propensity matching. After matching, no significant differ-
ences were observed. In this cohort, for stage III cancer, the OS rate 
for patients with RCC tended to be worse than that for patients 
with LCC (HR, 1.561; 95% CI, 0.967–2.522; P = 0.068) (Table 3, 
Fig. 2D). The 5-year OS rate for stage III patients with RCC was 
85.5% compared with 90.5% for stage III patients with LCC. Most 

of the patients with stage I disease did not receive chemotherapy (1 
of 352, 0.3%) whereas most of the patients with stage III disease 
did (493 of 513, 95.7%). About 52% of stage II patients received 
adjuvant chemotherapy (360 of 693). The OS for patients with 
stage II RCC who received adjuvant chemotherapy was similar to 
that for patients with stage II LCC (91.6% vs. 95.0%, P = 0.093).

Table 1. Clinicopathological characteristics for all patients and for propensity-matched patients

Characteristic
Before matching (n = 2,329)

P-value
After matching (n = 1,560)

RCC (n = 1,044) LCC (n = 1,285) RCC (n = 780) LCC (n = 780)

Age (yr) 62.4 ± 11.1 60.1 ± 11.0 <0.001 61.9 ± 10.7 61.8 ± 10.5

Sex 0.101

   Male 583 (55.8) 761 (59.2) 441 (56.5) 445 (57.1)

   Female 461 (44.2) 524 (40.8) 339 (43.5) 335 (42.9)

Stage <0.001

   Stage I 219 (21.0) 338 (26.3) 179 (23.0) 173 (22.2)

   Stage II 490 (46.9) 490 (38.1) 348 (44.6) 345 (44.2)

   Stage III 335 (32.1) 457 (35.6) 253 (32.4) 262 (33.6)

T stage <0.001

   T1 + T2 251 (24.0) 415 (32.3) 206 (26.4) 205 (26.3)

   T3 + T4 793 (76.0) 870 (67.7) 574 (73.6) 575 (73.7)

N stage 0.013

   N0 710 (68.0) 831 (64.7) 527 (67.6) 518 (66.4)

   N1 262 (25.1) 322 (25.1) 196 (25.1) 206 (26.4)

   N2 72 (6.9) 132 (10.2) 57 (7.3) 56 (7.2)

Histologic grade <0.001

   Well 158 (15.1) 170 (13.2) 113 (14.5) 108 (13.9)

   Moderate 758 (72.6) 1,064 (82.8) 625 (80.1) 636 (81.5)

   Poor 71 (6.8) 30 (2.3) 23 (3.0) 18 (2.3)

   Mucinous 53 (5.1) 20 (1.6) 19 (2.4) 18 (2.3)

   Unknown 4 (0.4) 1 (0.08) - -

Lymphovascular invasion <0.001

   Absent 750 (71.8) 911 (70.9) 578 (74.1) 579 (74.2)

   Present 229 (21.9) 257 (20.0) 160 (20.5) 159 (20.4)

   Unknown 65 (6.2) 117 (9.1) 42 (5.4) 42 (5.4)

PNI <0.001

   Absent 841 (80.6) 932 (72.5) 632 (81.0) 640 (82.1)

   Present 137 (13.1) 235 (18.3) 106 (13.6) 98 (12.6)

   Unknown 66 (6.3) 118 (9.2) 42 (5.4) 42 (5.4)

MSI <0.001

   High 223 (21.4) 44 (3.4) 46 (5.9) 42 (5.4)

   Low or stable 740 (70.9) 1,096 (85.3) 669 (85.8) 683 (87.6)

   Unknown 81 (7.7) 145 (11.3) 65 (8.3) 55 (7.0)

Values are presented as mean ± standard deviation or number (%). 
RCC, right-sided colon cancer; LCC, left-sided colon cancer; PNI, perineural invasion; MSI, microsatellite instability.
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Table 2. Adjuvant chemotherapy

Variable
Before matching (n = 2,329)

P-value
After matching (n = 1,560)

P-value
Rt-sided (n = 1,044) Lt-sided (n = 1,285) Rt-sided (n = 780) Lt-sided (n = 780)

No. of patients 493 (47.2) 562 (43.7) 0.509 336 (46.9) 340 (43.6) 0.178

LF 74 (7.1) 77 (6.0) 55 (7.1) 47 (6.0)

Capecitabine 183 (17.5) 237 (18.4) 133 (17.1) 166 (21.3)

FOLFOX 230 (22.0) 313 (24.4) 174 (22.3) 169 (21.7)

Others 39 (3.7) 57 (4.4) 35 (4.4) 31 (4.0)

Unknown regimen 25 (2.4) 39 (3.0) 17 (2.2) 27 (3.5)

Values are presented as number (%).
Rt, right; Lt, left; LF, leucovorin + 5-fluorouracil; FOLFOX, LF + oxaliplatin; Others, FOLFIRI (LF + irinotecan) or XELOX (capecitabine + oxaliplatin); Unknown regimen, che-
motherapy from other hospital.

Table 3. Overall survival and recurrence according to stage as determined using the Cox proportional hazards model

Subgroup Outcome Patient Side No.
Unadjusted Adjusted

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

Total Recurrence Total patients Rt 1,044 0.881 0.684–1.135 0.328 0.971 0.742–1.27 0.828

Lt 1,285

PS-matched patients Rt 780 0.892 0.665–1.198 0.449 - - -

Lt 780

Death Total patients Rt 1,044 1.297 0.987–1.704 0.062 1.219 0.91–1.633 0.183

Lt 1,285

PS-matched patients Rt 780 1.165 0.833–1.629 0.372 - - -

Lt 780

Stage 1 Recurrence Total patients Rt 219 0.438 0.145–1.319 0.142 0.45 0.138–1.468 0.186

Lt 338

PS-matched patients Rt 179 0.429 0.126–1.459 0.175 - - -

Lt 173

Death Total patients Rt 219 1.352 0.612–2.987 0.455 0.936 0.413–2.124 0.875

Lt 338

PS-matched patients Rt 179 0.965 0.405–2.3 0.936 - - -

Lt 173

Stage 2 Recurrence Total patients Rt 490 0.716 0.456–1.125 0.147 0.842 0.523–1.357 0.481

Lt 490

PS-matched patients Rt 348 0.849 0.504–1.43 0.538 - - -

Lt 345

Death Total patients Rt 490 1.265 0.8–2.001 0.314 1.231 0.746–2.031 0.416

Lt 490

PS-matched patients Rt 348 1.044 0.624–1.747 0.869 - - -

Lt 345

Stage 3 Recurrence Total patients Rt 335 1.077 0.78–1.487 0.652 1.163 0.821–1.646 0.395

Lt 457

PS-matched patients Rt 253 1.223 0.83–1.801 0.309 - - -

Lt 262

Death Total patients Rt 335 1.333 0.912–1.947 0.138 1.307 0.866–1.972 0.202

Lt 457

PS-matched patients Rt 253 1.561 0.967–2.522 0.069 - - -

HR, hazard ratio; CI, confidence interval; Rt, right; Lt, left; HR, hazard ratio; PS, propensity score.
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Fig. 1. Kaplan-Meier curves of survival in the original data set by primary tumor location and stage: overall survival (OS) and recurrence-free 
survival (RFS) in all patients (A), stage I (B), stage II (C), and stage III (D) patients. Lt, left; Rt, right.
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Fig. 2. Kaplan-Meier curves of survival after propensity score matching by tumor location and stage: overall survival (OS) and recurrence-free 
survival (RFS) after propensity score matching in all patients (A), stage I (B), stage II (C), and stage III (D) patients. Lt, left; Rt, right.
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DISCUSSION

The results from our study, through a population-based propen-
sity-score adjusted analysis, demonstrate that the prognosis for 
patients with stage III right-sided colon cancer with lymph node 
metastasis showed a survival rate inferior to that for patients with 
stage III left-sided colon cancer. Interest in the potential prognos-
tic effect of primary tumor sidedness peaked after the publication 
of a prospective study based on patients with systemic metastasis 
[19]. As a consequence, studies focusing on the prognostic value 
of primary tumor location have been increasingly performed for 
patients with metastatic colorectal cancer. As the present study fo-
cused on patients who underwent curative resection, evaluating 
the influence of tumor location was more feasible than in previ-
ous studies targeting patients with metastatic colorectal cancer, 
especially considering that the prognosis in the latter patients can 
easily be affected by the use of various chemotherapy regimens 
and targeted agents due to the varying mutational statuses in pa-
tients with metastatic colorectal cancer, such as KRAS, NRAS, and 
BRAF mutations, although a subgroup analysis was performed 
according to mutational status [20-22]. Furthermore, we indepen-
dently evaluated the prognostic value of primary tumor location 
by performing a propensity-matched analysis in the present study. 

Several previous studies have found a prognostic impact of tu-
mor location in patients with colorectal cancer. By using the Sur-
veillance, Epidemiology, and End Results (SEER) Program data-
base, Meguid et al. [7] analyzed 77,987 patients with colon cancer. 
Both their study and the present study used propensity-score 
matching to evaluate multivariate predictors of outcomes, such as 
the patients’ age, sex, tumor stage, and grade. In the study of 
Meguid et al. [7], when the authors controlled for histological 
grade, tumor stage, and tumor size, patients with RCC showed 
poorer prognoses than those with LCC. Another study of SEER 
data by Weiss et al. [23] assessed 53,801 patients with stage I–III 
primary colon adenocarcinomas. Among their subgroup of stage 
I or II cancers, no significant difference in the adjusted survival 
rates was revealed between patients with RCC and those with 
LCC. However, patients with RCC stage III exhibited an increased 
mortality rate compared to patients with LCC stage III. Accord-
ingly, the influence of tumor sidedness on survival was concluded 
to be smaller than the influence of tumor biology, including MSI. 
Furthermore, 17,641 patients with colorectal cancer were evalu-
ated using a proportional hazard model by Benedix et al. [8]. Even 
though right-sided primary tumor location was found to be asso-
ciated with a poorer mean survival and higher mortality risk 
compared with left-sided primary tumor location, survival was 
related less to tumor location than to other factors such as age and 
tumor stage. Lastly, a recent systemic review and meta-analysis 
performed by Yahagi et al. [6] demonstrated that patients with 
RCC showed a marginally worse OS than those with LCC. How-
ever, only colon cancer patients from Western countries presented 
a significantly different prognosis according to the primary tumor 

location in their subgroup analysis whereas those from Eastern 
countries did not. Similarly, Liu et al. [5] reported that tumor lo-
cation was not a prognostic factor among Chinese patients. As a 
result, a suggestion was made that ethnicity might also be as 
much a prognostic factor as tumor location. 

Studies regarding the cause for the influence of tumor location 
on the prognoses for patients with colorectal cancer have been re-
ported. The effects of both distinguishing genetic profiles and 
comparing the sensitivities of treatments were reviewed by Shen 
et al. [18] in order to explain the differences between RCC and 
LCC. Although significant variations on the molecular level be-
tween RCC and LCC were presented, similar survival rates be-
tween patients with stage I–III RCC and stage I–III LCC were re-
vealed. This might be due to the development of adjuvant chemo-
therapies for the treatments of patients with colon cancer. In addi-
tion, Moritani and coworkers [24] studied 820 patients with stage 
I–III colon cancer who underwent radical surgery with curative 
intention over a 17-year period at a single institution in order to 
determine the prognostic difference between tumor locations. 
They used the RFS rate as the primary endpoint rather than the 
OS rate because the RFS rate explains the metastatic potential, as 
well as the recurrence patterns, based on the primary tumor loca-
tion. Patients with RCC stage II or III disease showed a signifi-
cantly lower RFS rate than those with LCC stage II or III disease, 
but the results were not consistent for patients with stage I disease. 
Moreover, distributions of the first recurrence sites were found 
not to be significantly different between RCC and LCC.

In the present study, only patients with stage III disease showed 
a difference in OS, but not RFS, according to the tumor location, 
with borderline significance. The recurrence rate and pattern 
were not associated with tumor location. These results might re-
flect that tumor location is not a factor related to oncologic out-
comes. The other clinicopathological characteristics, which were 
already known to be prognostic factors for oncologic outcomes, 
may have minimized the impact of tumor location. The present 
study focused on evaluating tumor location as a potential prog-
nostic factor. The main rationale for finding novel prognostic fac-
tors is to aid in the decision-making regarding the most beneficial 
treatment for patients with colon cancer [25]. Whether our results 
will directly affect the treatment choice is not clear because deci-
sion-making is difficult unless the prognostic factor directly re-
lates to the recurrence rate. 

Because our results are associated with the survival rate, further 
studies based on oncologic results from large cohort analyses are 
required. In particular, because the finding that the tumor loca-
tion in patients with lymph node metastasis influenced the sur-
vival rate, the possibilities of influence on the currently used ther-
apeutics, including chemotherapeutic agents, need to be consid-
ered. Furthermore, assessing prognostic differences according to 
different molecular biology characteristics was not feasible in this 
study; however, because mutations in biomarkers (KRAS, NRAS, 
and BRAF) were partly detected in our patients, this needs to be 
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considered in future studies.
Our study has several limitations that must be addressed. First, 

this study was designed as a retrospective, single-center study al-
though a propensity-score matched analysis was used to mitigate 
this limitation. Second, this study did not include stage IV pa-
tients, for whom the effects of genetic characteristics on treatment 
can usually be evaluated. Lastly, the assessment of specific bio-
markers was insufficiently performed in this study, although dis-
tinct molecular biological tumor patterns are widely known to ex-
ist. However, the strength of our study is that we demonstrated 
the value of primary colon cancer location (whether right-sided 
or left-sided) as a potential prognostic factor in the surgical cura-
tive setting and in the presence of lymph node metastasis. 

In conclusion, although the results of this study are inconclusive, 
tumor location tended to be associated with OS in colon cancer 
patients with lymph node metastasis, but it was not related to the 
oncologic outcome. Therefore, the association between tumor 
sidedness and oncologic outcome needs to be reassessed through 
an additional study with a larger cohort. Moreover, further studies 
based on molecular biology analyses are needed to determine any 
differences according to the location of the primary tumor site. 
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