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Abstract

Background Previous studies investigating the impact of

tumor location on colorectal cancer prognosis only com-

pared two groups by location, e.g., ‘right-sided colon vs.

left-sided colon,’ ‘colon vs. rectum,’ and ‘right-sided

(right-sided colon) vs. left-sided (left-sided colon and

rectum).’ This nationwide multicenter retrospective study

aimed to clarify the prognostic impact of tumor location in

patients with stage III colorectal cancer by classifying

tumors into three groups: right-sided colon, left-sided

colon, and rectum.

Methods Subjects were 9194 patients with stage III col-

orectal cancer who underwent curative surgery from 1997

to 2012. Relapse-free survival (RFS) after primary surgery

and overall survival (OS) after recurrence were examined.

Results Rectal cancer (n = 2922) was associated with

worse RFS compared to right-sided colon cancer

(n = 2362) (hazard ratio (HR) 0.65; 95% CI 0.59–0.72;

p\ 0.001) and left-sided colon cancer (n = 3910) (HR

0.72; 95% CI 0.66–0.78; p\ 0.001) after adjusting for key

clinical factors (i.e., sex, age, histological type, CEA,

adjuvant therapy, T category, and N category). Among

patients with recurrence (n = 2823), rectal cancer was

associated with better OS compared to right-sided colon

cancer (HR 1.23; 95% CI 1.08–1.40; p = 0.002) and worse

OS compared to left-sided colon cancer (HR 0.88; 95% CI

0.79–0.99; p = 0.029). Twenty percent of right-sided colon

cancer recurrences exhibited peritoneal dissemination, 42%

of left-sided colon cancer recurrences were liver metas-

tases, and 33% of rectal cancer recurrences were local

recurrences.

Conclusions The three tumor locations (right-sided colon,

left-sided colon, rectum) had different prognostic impli-

cations for recurrence after curative resection and overall

mortality, suggesting that tumor location serves as a

prognostic biomarker in stage III colorectal cancer.
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CI Confidence interval

CSS Cancer-specific survival

dMMR Deficient mismatch repair

HR Hazard ratio

OS Overall survival

RFS Relapse-free survival

Introduction

In colorectal cancer, the prognostic value of primary tumor

sidedness has been a topic of considerable interest. For

unresectable colorectal cancer, pooled analyses of several

randomized trials that assessed the prognostic influence of

primary tumor location in patients treated with molecular

targeted agents revealed that right-sided (right-sided colon)
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tumors were significantly associated with worse overall

survival (OS) compared to left-sided (left-sided colon and

rectum) tumors [1, 2]. We recently reported that, regardless

of use of targeted agents or performance of palliative pri-

mary tumor resection, unresectable stage IV right-sided

colorectal tumors were associated with shorter OS com-

pared to left-sided tumors [3, 4]. These results support the

view that primary tumor sidedness has prognostic value in

unresectable stage IV colorectal cancer [5].

The prognostic value of primary tumor sidedness has

also attracted attention in nonmetastatic colon cancer.

Some have reported that, among patients with stage III

colon cancer, those with right-sided colon tumors had

worse OS compared to those with left-sided colon tumors

[6–8], whereas others reported no differences in OS

between right-sided vs. left-sided colon tumors [9, 10].

Tumor location has also been shown to affect prognosis

after recurrence in nonmetastatic colon cancer, with right

colon cancer being associated with significantly shorter

cancer-specific survival (CSS) after recurrence compared

to left colon cancer in patients with stage II-III colon

cancer [11] and those with stage III colon cancer [12].

According to global surveillance of trends in cancer

survival 2000–14 (CONCORD-3), the prognosis of colon

cancer was better than that of rectal cancer in most coun-

tries [13]. In the non-metastatic setting, not only prognosis

but also treatment strategies differed between colon cancer

and rectal cancer; while surgery is performed without

preoperative therapy as the standard treatment for colon

cancer globally [14], total mesorectal excision with pre-

operative chemoradiotherapy or chemotherapy is the cur-

rent standard for locally advanced rectal cancer in many

Western countries [15]. However, in Japan, the standard

treatment for rectal cancer is surgery with total mesorectal

excision plus lateral lymph node dissection, with no pre-

operative therapy [16].

Notably, previous studies investigating the impact of

tumor location on colorectal cancer prognosis have all

compared two groups by location, e.g., ‘right-sided (right-

sided colon) vs. left-sided (left-sided colon and rectum),’

‘right-sided colon vs. left-sided colon,’ and ‘colon vs. rec-

tum.’ The unique treatment strategy for rectal cancer in

Japan, which allows for comparison between rectal cancer

and colon cancer without any influence of preoperative

therapy, prompted us to investigate the prognostic value of

primary tumor location by classifying tumors into three

groups: right-sided colon, left sided colon, and rectum.

Accordingly, the present nationwide multicenter retrospec-

tive study aimed to investigate the prognostic impact of the

three tumor locations on recurrence and subsequent survival

in patients with stage III colorectal cancer. Recurrence pat-

terns in each group and survival after recurrence according to

recurrence site were also evaluated.

Methods

Study population

The Japanese Study Group for Follow-Up of Colorectal

Cancer (JFUP-CRC, see ‘‘Acknowledgements’’) collected

clinicopathological data from 33,625 patients with patho-

logically diagnosed stage I-III colorectal cancer who

underwent curative surgery between January 1997 and

December 2012 across 24 Japanese referral hospitals. In

the present study, all patients with stage III colorectal

cancer were included in the analysis, excluding those with

the following: multiple primary tumors, multiple colorectal

cancers, preoperative adjuvant therapy, histology other

than adenocarcinoma, insufficient clinical and pathological

information, unknown follow-up information, and

unknown stage information. The study protocol was

approved by the Central Institutional Review Board

(Tokyo Medical and Dental University) and the Ethics

Review Board of each institution, including the Institu-

tional Review Board of the National Cancer Center

Hospital (IRB code: 2018-397).

Follow-up

Patients underwent physical examinations, tumor marker

assessment, computed tomography (CT), and colonoscopy

to detect postoperative recurrence, as described previously

[11, 16]. Typically, serum carcinoembryonic antigen

(CEA) and CA19-9 measurements were performed every

3 months for the first 3 years, then every 6 months for

2 years; CT was performed every 6 months for 5 years;

and colonoscopy was performed in the 1–3 years. Follow-

up data were recorded until an event occurred, or until the

study cutoff date of January 2019. Patient data were

extracted from the prospectively generated database at each

facility and analyzed retrospectively.

Data selection

Patients were divided into three groups according to tumor

location: right-sided colon, left-sided colon, and rectum.

Right-sided colon was defined as the cecum, ascending

colon, and transverse colon. Left-sided colon was defined

as the descending colon, sigmoid, and rectosigmoid junc-

tion. The following parameters were retrospectively

assessed using medical records: treatment year, sex, ECOG

performance status, histological type of the tumor, residual

tumor (R) classification according to TNM classification

(R0: No residual tumor, R1: Microscopic residual tumor,

R2: Macroscopic residual tumor), [17] pathological stage

according to the TNM classification (8th edition), [17]
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preoperative CEA levels, and the presence of adjuvant

chemotherapy (adjuvant therapy was classified as either a

single-agent therapy of fluoropyrimidines or doublets

therapy). The site of recurrence was also included for

patients with recurrence.

Statistical analysis

Pearson’s Chi-square test was used for categorical vari-

ables to examine various factors in the three groups.

Relapse-free survival (RFS) after primary surgery was

examined in the entire study population, and OS after

recurrence was assessed only in those with recurrence.

Survival curves were generated using the Kaplan–Meier

method to estimate RFS and OS with the log-rank test. RFS

was defined as the interval between the date of primary

surgery and the date of recurrence or death from all causes.

OS was defined as the interval between the date of primary

surgery and the date of death from all causes. Patients alive

at the end of the follow-up period were censored. Multi-

variate Cox proportional hazards regression models were

subsequently fitted to evaluate factors independently

associated with recurrence and death. Since colorectal

cancer, once it recurs, metastasizes to multiple sites, each

recurrence site was considered to constitute a competing

risk. Thus, a competing risk analysis was performed to

analyze the initial recurrence site as the cumulative

recurrence rate [18]. P values less than 0.05 were consid-

ered statistically significant. All statistical analyses were

performed using JMP statistical software version 14 (SAS

Institute Inc., Cary, NC) and EZR (Saitama Medical Cen-

ter, Jichi Medical University, Saitama, Japan), a graphical

user interface for R (The R Foundation for Statistical

Computing, Vienna, Austria).

Results

Study cohort characteristics

The final study population comprised 9194 patients with

colorectal cancer, including 2362 (25.7%) patients with

right-sided colon cancer, 3910 (42.5%) with left-sided

colon cancer, and 2922 (31.8%) with rectal cancer (Fig. 1).

Table 1 summarizes the clinicopathological characteristics

of the study cohort by group. The rate of lateral lymph

node dissection for stage III rectal cancer was 39.0%

(1140/2922), of which 386 patients (33.9%) had lateral

lymph node metastases, which accounted for 13.2% of

patients with rectal cancer (386/2922). Significant differ-

ences were observed in sex, age, histological type, preop-

erative CEA levels, pT category, pN category, and the

presence of adjuvant therapy between the three groups.

Briefly, patients with right-sided colon cancer were more

likely to be female, significantly older, less likely to have

differentiated adenocarcinoma, and more likely to have a

higher pathological T category compared to those with left-

sided colon cancer and those with rectal cancer (all

p\ 0.01). Of the 3467 patients for whom adjuvant

chemotherapy regimens were known, a higher proportion

of those with rectal cancer underwent doublet therapy

relative to the proportions of those with right-sided colon

cancer and left-sided colon cancers (6.3% versus 4.0%,

3.1%, respectively; p\ 0.0001). After the primary surgery,

2823 patients (30.7%) relapsed, and 1813 patients died of

colorectal cancer recurrence during the study period. Rates

of recurrence after surgery also differed between the three

groups (right-sided: 26.0%, left-sided: 27.0, rectum:

39.5%).

Relapse-free survival in right-sided colon, left-sided

colon, and rectal cancers

The 3-year and 5-year RFS rates of patients with stage III

colorectal cancer (the entire cohort) were 70.2% and

66.0%, respectively (data not shown). Figure 2a shows

RFS curves for patients with stage III colorectal cancer,

stratified by tumor location. The 3-year and 5-year RFS

rates of patients with rectal cancer were 63.1% and 58.4%,

respectively, while those of patients with left-sided and

right-sided colon cancers were 73.6% and 69.3%, and

73.4% and 70.0%, respectively (p\ 0.001).

Relapse-free survival in Stage III colorectal cancer

with or without adjuvant therapy

Since the present study examined stage III colorectal can-

cer patients who were treated with and without adjuvant

therapy (n = 5730 and n = 2804, respectively), RFS curves

were plotted separately according to the presence of adju-

vant therapy (Fig. 2b, c, stratified by tumor location).

Regardless of the presence or absence of adjuvant therapy,

RFS rates were similar between patients with right-sided

colon cancer and those with left-sided colon cancer. Reg-

imens of adjuvant therapy were as follows; intravenous

fluoropyrimidines: 14.6%, oral fluoropyrimidines: 81.1%

(tegafur-uracil (UFT): 60.7%, capecitabine: 16.9%, S-1:

3.5%), 5- fluoropyrimidines plus oxaliplatin: 4.0%, fluo-

ropyrimidines plus irinotecan: 0.3%.

Factors affecting relapse-free survival in Stage III

colorectal cancer

Univariate analysis revealed that sex (male), age

(C 75 years), histological type (others), CEA ([ 5), adju-

vant chemotherapy (without), T category (T4), and N
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category (N2) were significantly associated with worse

RFS (all p\ 0.0001) (Table 2). Multivariate analyses

using Cox proportional hazards regression models revealed

that, after adjusting for sex, age, histological type, CEA,

adjuvant therapy, T category, and N category, rectal cancer

was associated with significantly worse RFS compared to

right-sided colon cancer (HR 0.65, 95% CI 0.59–0.72;

p\ 0.001) and left-sided colon cancer (HR 0.72, 95% CI

0.66–0.78; p\ 0.001) (Table 2).

Factors affecting relapse-free survival (in

consideration of surgical factor and host status)

Of the data pertaining to the entire cohort (collected

1997–2012), those for residual tumor (R) status and per-

formance status were both available for the last four years

of patients (2009–2012). Thus, with 1854 patients for

whom data were available for both of these variables, we

analyzed factors affecting RFS including these two factors

as covariates (Supplementary Table 1). Multivariate anal-

yses revealed that R status was an independent prognostic

factor [HR (R1, R2/R0), 2.34, 95% CI 1.58–3.47;

p\ 0.0001], while performance status was not

(p = 0.838). Moreover, although these two factors were

included as covariates in the multivariate analyses, tumor

location was an independent prognostic factor for relapse-

free survival; specifically, rectal cancer was associated with

significantly worse RFS compared to right-sided colon

cancer (HR 0.54, 95% CI 0.44–0.68; p\ 0.001) and left-

sided colon cancer (HR 0.62, 95% CI 0.51–0.75;

p\ 0.001).

Overall survival after recurrence stratified by tumor

location

We next investigated OS after recurrence by limiting the

analysis to patients with recurrence. After primary surgery,

a total of 2823 patients (30.7%) had recurrence, including

613 (21.7%) patients with right-sided colon cancer, 1057

(37.4%) with left-sided colon cancer, and 1153 (40.9%)

with rectal cancer. Of these, 2746 patients were analyzed

for OS after recurrence, excluding 77 with unknown

recurrence date. Figure 3a shows OS curves after recur-

rence in patients with recurrence, stratified by tumor

location. The 3-year and 5-year OS rates were 48.4% and

31.6%, respectively, in patients with rectal cancer

(n = 1114); 50.7% and 36.6%, respectively, in those with

left-sided colon cancer (n = 1040); and 36.8% and 23.3%,

respectively, in those with right-sided colon cancer

(n = 592) (p\ 0.001). These results demonstrate that,

among patients with recurrence, those with right-sided

colon cancer had the worst OS after recurrence even

though RFS after curative surgery was better compared to

those with left-sided colon cancer and those with rectal

cancer.

Factors affecting overall survival after recurrence

in Stage III colorectal cancer

Table 3 shows the results of univariate and multivariate

analyses of factors affecting OS in patients with recurrent

stage III colorectal cancer. After adjusting for sex, age,

histological type, CEA, adjuvant therapy, T category, and

Stage I-III colorectal cancer (1997-2012) (n=33625) 
Japanese Study Group for Postoperative Follow-Up of Colorectal Cancer

Multiple primary tumors (n=4094)

Multiple colorectal cancers (n=2903)

Stage I-III colorectal cancer (1997-2012)  (n=24721)

Preoperative adjuvant therapy (n=465)

Unknown follow-up information (n=500)

Histology other than adenocarcinoma 
(n=358)

Insufficient clinical and pathological information  (n=338)

Unknown Stage information (n=246)

Stage III colorectal cancer (1997-2012)  
(n=9194)

Recurrence (1997-2012) 
(n=2823)

30.7%

Fig. 1 Study cohort selection

process. The Japanese Study

Group for Follow-Up of

Colorectal Cancer collected

clinicopathological data of a

total of 33,625 patients with

pathologically-diagnosed stage

I-III colorectal cancer who

underwent curative surgery

between January 1997 and

December 2012 across 24

Japanese referral hospitals. A

total of 9194 patients with

colorectal cancer were included

in the final study population

J Gastroenterol (2020) 55:958–968 961

123



N category, right-sided colon cancer was associated with

significantly worse OS compared to rectal cancer (HR 1.23,

95% CI 1.08–1.40; p = 0.002), whereas left-sided colon

cancer was associated with significantly better OS com-

pared to rectal cancer (HR 0.88, 95% CI 0.79–0.99;

p = 0.029).

Overall survival after recurrence stratified

by recurrence site

Sites of recurrence differed among 2746 patients with

recurrence: lung only (n = 712), liver only (n = 871),

peritoneal only (n = 259), locoregional only (n = 652), and

others/multiple sites (n = 252). Analyses of OS after

recurrence stratified by recurrence site revealed that 3-year

and 5-year OS rates were 59.4% and 41.9%, respectively,

in patients with lung only recurrence; 51.4% and 37.4%,

respectively, in those with liver only recurrence; 42.4% and

25.8%, respectively, in those with locoregional only

recurrence; 25.0% and 12.6%, respectively, in those with

peritoneal only recurrence; and 28.7% and 18.0%,

respectively, in those with other/multiple-site recurrence.

Competing risk analysis by recurrence site

Figures 4a–c show competing risk analysis of recurrence

sites for right-sided colon, left-sided colon, and rectal

cancers, respectively. Proportions of recurrence occurring

Table 1 Clinicopathological characteristics of patients with stage III colorectal cancer

All Right-sided colon cancer Left-sided colon cancer Rectal cancer p value

n 9194 2362 3910 2922

Sex

Male 5068 (55.1%) 1127 (47.7%) 2144(54.8%) 1797 (61.5%) \ 0.001

Female 4126 (44.9%) 1235 (52.3%) 1766 (45.2%) 1125 (38.5%)

Age (years)

\ 75 7512 (81.7%) 1720 (72.8%) 3236 (82.8%) 2556 (87.5%) \ 0.001

C 75 1682 (18.3%) 642 (27.2%) 674 (17.2%) 366 (12.5%)

Histological type

Differentiated 8444 (91.8%) 2061 (87.3%) 3685 (94.2%) 2698 (92.3%) \ 0.001

Others 750 (8.2%) 301 (12.7%) 225 (5.8%) 224 (7.7%)

CEA

B 5 5534 (60.2%) 1432 (60.6%) 2414 (61.7%) 1688 (57.8%) 0.003

[ 5 3108 (33.8%) 774 (32.8%) 1266 (32.4%) 1068 (36.6%)

pT category

T1 511 (5.6%) 88 (3.7%) 247 (6.3%) 176 (6.0%) \ 0.001

T2 1047 (11.4%) 181 (7.7%) 400 (10.2%) 466 (16.0%)

T3 5389 (58.6%) 1351 (57.2%) 2204 (56.4%) 1834 (62.8%)

T4 2231 (24.3%) 738 (31.2%) 1057 (27.0%) 436 (14.9%)

pN category

N1 6293 (68.4%) 1709 (72.4%) 2837 (72.6%) 1747 (59.8%) \ 0.001

N2 2875 (31.3%) 646 (27.3%) 1063 (27.2%) 1166 (39.9%)

Adjuvant therapy

Yes 5730 (62.3%) 1418 (60.0%) 2466 (63.1%) 1846 (63.2%) 0.008

Single-agent therapy 823 1425 1069

Doublet therapy 34 45 71

Unknown 561 996 706

No 2804 (30.5%) 782 (33.1%) 1148 (29.3%) 874 (29.9%)

Recurrence after surgery

Yes 2823 (30.7%) 613 (26.0%) 1057 (27.0%) 1153 (39.5%) \ 0.001

No 6250 (68.0%) 1714 (72.6%) 2800 (71.6%) 1736 (59.4%)

Missing information: CEA: n = 552 (6.0%); pT category: n = 16 (0.2%); pN category: n = 26 (0.3%); Adjuvant therapy: n = 660 (7.2%);

Recurrence after surgery: n = 121 (1.3%)

Right-sided colon: cecum to transverse colon. Left-sided colon: descending colon to rectosigmoid colon
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over the cumulative three years in liver only, lung only,

peritoneal only, locoregional only, and others/multiple sites

were 36.0%, 18.6%, 20.1%, 13.6%, and 4.2%, respectively,

among those with right-sided colon cancer; 42.1%, 24.2%,

10.1%, 14.9%, and 3.7%, respectively, among those with

left-sided colon cancer; and 24.0%, 29.2%, 2.5%, 33.4%,

and 3.9%, respectively, among those with rectal cancer.

Recurrence in the liver/lung accounted for 66.3% of all

recurrences originating from left-sided colon cancer, or

54% of all recurrences originating from right-sided colon/

rectal cancers (p\ 0.001). Local recurrence accounted for

33% of all recurrences originating from rectal cancer, or

less than 15% of all recurrences originating from right-

sided and left-sided colon cancers (p\ 0.001). Peritoneal

metastases accounted for roughly 20% of all recurrences

originating from right-sided colon cancer, or 10% and 3%

of recurrences originating from left-sided colon cancer and

rectal cancer, respectively (p\ 0.001). No significant dif-

ferences were observed in recurrences for others/multiple

sites (p = 0.591).

Discussion

This study analyzed long-term outcomes of stage III col-

orectal cancer to investigate the prognostic impact of tumor

location by classifying tumors into three groups: right-

sided colon, left-sided colon, and rectum. After adjusting

for key clinical factors (i.e., sex, age, histological type,

CEA, adjuvant therapy, T category, and N category), rectal

cancer was associated with worse RFS compared to right-

sided colon cancer (HR 0.65; p\ 0.001) and left-sided

colon cancer (HR 0.72; p\ 0.001), while right-sided and

left-sided colon cancers had almost identical RFS. These

findings were also confirmed in subsequent analyses per-

formed in two cohorts: those who were treated with adju-

vant therapy and those who were treated without adjuvant

therapy. Another significant finding of the present study

was that, when analyses were limited to patients with

recurrence, OS after recurrence was significantly longer

among those with left-sided colon cancer, followed by

those with rectal cancer and those with right-sided colon

Fig. 2 a Relapse-free survival curves for patients with stage III

colorectal cancer, stratified by tumor location. Of 9194 patients, 2362

(25.7%) patients had right-sided colon cancer, 3910 (42.5%) had left-

sided colon cancer, and 2922 (31.8%) had rectal cancer. b Relapse-

free survival curves for patients with stage III colorectal cancer who

were treated with adjuvant therapy (n = 5730). c Relapse-free

survival curves for patients with stage III colorectal cancer who

were treated without adjuvant therapy (n = 2804)
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cancer. These results were partly consistent with a previous

study reporting a significantly shorter 5-year CSS after

recurrence in patients with right colon cancer compared to

those with left colon cancer [11, 12]. Taken together, dif-

ferent tumor locations (i.e., right-sided colon, left-sided

colon, rectum) have different prognostic implications for

recurrence after curative resection and overall mortality of

patients with stage III colorectal cancer, suggesting that

primary tumor location might serve as a prognostic bio-

marker in stage III colorectal cancer. Our current study

proposes that right-sided colon cancer, left-sided colon

cancer, and rectal cancer should be considered distinct

entities in stage III colorectal cancer and emphasizes

implications of this distinction for clinical practice, which

is novel insight in this field.

One reason that may explain why primary tumor loca-

tion could be a prognostic factor may lie in the embry-

ological origin of normal tissue. Briefly, the right-sided

colon is derived from the embryonic mid-gut, while the

left-sided colon and rectum are derived from the embryonic

hind-gut. Consistent with this difference in embryological

origin, the genetic carcinogenic pathways also differ [19].

Table 2 Univariate and

multivariate analyses of factors

affecting relapse-free survival in

patients with stage III colorectal

cancer

Variable Category Univariate analysis Multivariate analysis

p value Hazard ratio 95% CI p value

Sex Male \ 0.001 1.23 1.14–1.33 \ 0.001

Female Reference

Age \ 75 \ 0.001 Reference

C 75 1.30 1.18–1.43 \ 0.001

Histological type Differentiated \ 0.001 Reference

Others 1.34 1.19–1.51 \ 0.001

CEA B 5 \ 0.001 Reference

[ 5 1.51 1.40–1.63 \ 0.001

Adjuvant therapy Yes \ 0.001 Reference

No 1.27 1.17–1.37 \ 0.001

T category T1/T2/T3 \ 0.001 Reference

T4 1.75 1.62–1.89 \ 0.001

N category N1 \ 0.001 Reference

N2 1.85 1.72–2.00 \ 0.001

Tumor location Right-sided colon \ 0.001 0.65 0.59–0.72 \ 0.001

Left-sided colon 0.72 0.66–0.78 \ 0.001

Rectum Reference

Fig. 3 a OS curves after recurrence in 2746 patients with recurrent

colorectal cancer, stratified by tumor location; 592 patients with right-

sided colon cancer, 1040 patients with left-sided colon cancer, and

1114 patients with rectal cancer were analyzed. b OS curves after

recurrence in 2746 patients with recurrent colorectal cancer, stratified

by recurrence site. Sites of recurrence were as follows: lung only

(n = 712), liver only (n = 871), peritoneal only (n = 259), locore-

gional only (n = 652), and others/multiple sites (n = 252)
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Similarly, since the right-sided colon is vascularized by the

superior mesenteric artery, the left-sided colon by the

inferior mesenteric artery, and the rectum by the inferior

mesenteric artery and middle rectal artery, sites and pat-

terns of lymph node metastases differ by tumor location. In

fact, lateral pelvic lymph node metastases occur only from

tumors located in the rectum. These differences could

result in diverse clinical, pathological, and biological fea-

tures. Another potential explanation we have identified in

this report is the difference of recurrence site. As shown in

Fig. 1, 66% of recurrences originating from left-sided

colon cancer were liver/lung metastases, 33% of those

originating from rectal cancer were local recurrences, and

roughly 20% of those originating from right-sided colon

cancer were peritoneal disseminations. Consistent with

previous reports [20, 21], OS rates after recurrence differed

by recurrence site, with lung/liver metastases showing the

most favorable OS after recurrence, followed by local

recurrence and peritoneal dissemination, regardless of

primary tumor location (Fig. 3b). Taken together, these

results indicate that longer OS after recurrence in patients

with primary tumors of the left-sided colon, rectum, and

right-sided colon, in decreasing order, might be explained

by the difference in distribution of recurrence sites.

Another possible explanation may lie in clinicopatho-

logical characteristics of patients that differ by tumor

location. As shown in Table 1, in stage III patients,

pathological T category was more advanced in those with

right-sided colon cancer compared to those with left-sided

colon cancer and rectal cancer. This could partly be

explained by clinical issues in the diagnosis of right-sided

colon cancer, which can be asymptomatic because of the

more distal location from the anus and the passage of softer

bowel content through the lesions [11]. On the other hand,

pathological N category was more advanced in patients

with rectal cancer compared to those with right-sided and

left-sided colon cancers, possibly due to the higher pro-

portion of metastases to lateral lymph nodes in rectal

cancer patients (13.2%) compared to colon cancer patients

(0% for both right-sided and left-sided) (data not shown).

As rectal cancer with lateral lymph node metastases is

considered locally advanced [22], it is not surprising that a

high proportion of patients with rectal cancer were classi-

fied as pathological N2. Thus, multivariate analyses were

performed to adjust for these different characteristics,

which still revealed that the three tumor locations (right-

sided colon, left-sided colon, rectum) of stage III colorectal

cancer had different prognostic implications for recurrence

after curative resection and overall mortality.

Regarding the association between tumor location and

genetic characteristics in stage III colorectal cancer, it is

known that a mutation in the BRAF or KRAS codon 12

was enriched in right-sided colon cancer, whereas non-

mutated BRAF/KRAS was increased in left-sided colon

cancers [23]. In addition, another study found that the

incidence of BRAF mutation and microsatellite deficient

Table 3 Univariate and multivariate analyses of factors affecting overall survival in patients with recurrent stage III colorectal cancer

Variable Category Median overall survival Univariate analysis Multivariate analysis

(months) p value Hazard ratio 95% CI p value

Sex Male 34.5 (31.8–37.5) 0.064

Female 30.5 (26.4–33.4)

Age \ 75 35.8 (33.5–38.2) \ 0.001 Reference

C 75 20.7 (18.6–23.4) 1.57 1.38–1.78 \ 0.001

Histological type Differentiated 36.2 (33.5–38.2) \ 0.001 Reference

Others 15.2 (13.2–18.6) 1.90 1.64–2.20 \ 0.001

CEA B 5 33.5 (31.2–36.5) 0.008 Reference

[ 5 32.5 (32.5–36.2) 0.99 0.90–1.10 0.889

Adjuvant therapy Yes 36.5 (33.6–38.6) \ 0.001 Reference

No 27.4 (25.4–30.4) 1.19 1.07–1.32 0.001

T category T1/T2/T3 36.5 (33.6–38.9) \ 0.001 Reference

T4 24.3 (22.3–27.4) 1.30 1.17–1.44 \ 0.001

N category N1 37.5 (33.7–40.2) \ 0.001 Reference

N2 28.4 (25.4–30.7) 1.39 1.26–1.53 \ 0.001

Tumor location Right-sided colon 23.3 (21.3–25.4) \ 0.001 1.23 1.08–1.40 0.002

Left-sided colon 37.5 (33.5–41.6) 0.88 0.79–0.99 0.029

Rectum 34.5 (31.5–37.6) Reference
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mismatch repair (dMMR) in tumors gradually decreased as

tumor location shifted from the right-sided colon to the

rectum [24]. Mutant KRAS tumors showed poorer OS [23]

and dMMR tumors showed longer survival after recurrence

[25]. Thus, a different prognosis by tumor location can be

partially explained by molecular differences in colorectal

cancers according to their location in the bowel.

This study has several limitations. First, the study pop-

ulation included patients who were treated more than

20 years ago. During this long period, treatment strategies,

including laparoscopic surgery [26] and intensive

chemotherapeutic regimens in both adjuvant and metastatic

settings, have changed significantly. Although we analyzed

and obtained similar RFS after curative resection in the

entire cohort as well as the two cohorts stratified by the

presence of adjuvant therapy, the obtained results might not

be fully reflective of current medical practice. Second,

there was a lack of data regarding genetic phenotypes.

Prognostic differences by tumor location might be

explained partly by genetic differences, since right-sided

colon cancers are, for example, known to be characterized

by a high frequency of microsatellite instability and BRAF

mutations [27, 28]. Third, information on comorbidities

and postoperative complications was not available in our

database. According to Japan Clinical Oncology Group

(JCOG) studies, the complication rate for rectal cancer

surgery is approximately 20% (JCOG0212) whereas that

for colon cancer surgery is roughly 10% (JCOG0404). One

Fig. 4 Competing risk analysis of recurrence sites in patients with a right-sided colon, b left-sided colon, and c rectal cancers
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reason given for the poor prognosis for rectal cancer was

the higher rates of postoperative complications; however,

we surmise that other factors are involved as well. One

study evaluated the impact of postoperative complications

on survival of colorectal cancer using pooled individual

patient’s data from three large phase III randomized trials

and found that surgical complications as well as tumor

location (colon versus rectum) were independent risk fac-

tors for disease-free survival and OS [29]. For this reason,

the extent to which these parameters might have influenced

our analyses remains unclear. Fourth, information on

chemotherapy regimens such as usage of molecular target

drugs after recurrence were not available in our database,

although these factors are known to influence OS [3]. Fifth,

while cases involving tumor perforation at the time of

surgery were few in number, information on these cases was

not available in our database. Notably, tumor perforation

could influence survival, as it is associated with lower dis-

ease-free survival [30], and because diastatic perforation

proximal to an obstructing tumor is known to associate with

higher operative mortality [31]. Sixth, while we adjusted for

known confounders, there may have been bias due to

unknown confounding factors. Despite these limitations, in

the present study, multivariate analyses revealed that rectal

cancer had worse RFS compared to right-sided colon cancer,

and when the analyses were limited to patients with recur-

rence, rectal cancer was associated with better OS compared

to right-sided colon cancer.

In conclusion, this nationwide multicenter retrospective

study demonstrated that the three tumor locations (right-

sided colon, left-sided colon, rectum) of stage III colorectal

cancer had different prognostic implications for recurrence

after curative resection and overall mortality. Differences

in OS after recurrence by location might be due to the

difference in distribution of recurrence sites, which defines

the prognosis, suggesting that primary tumor location

might serve as a prognostic biomarker, as well as a sur-

rogate for tumor biology, in stage III colorectal cancer.

Thus, as is the case for metastatic colorectal cancer, future

randomized trials for stage III colorectal cancer should

consider tumor location as a stratification parameter.
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