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Purpose: Primary tumor location of colon cancer has been reported to affect the prognosis after curative resection. How-
ever, some reports suggested the impact was varied by tumor stage. This study analyzed the prognostic impact of the sid-
edness of colon cancer in stages II, III, and liver metastasis after curative resection using propensity-matched analysis. 
Methods: Right-sided colon cancer was defined as a tumor located from cecum to splenic flexure, while any more distal 
colon cancer was defined as left-sided colon cancer. Patients who underwent curative resection at Nara Medical Univer-
sity hospital between 2000 and 2016 were analyzed. 
Results: There were 110 patients with stage II, 100 patients with stage III, and 106 patients with liver metastasis. After pro-
pensity matching, 28 pairs with stage II and 32 pairs with stage III were identified. In the patients with stage II, overall 
survival (OS) and recurrence-free survival (RFS) were not significantly different for right- and left-sided colon cancers. In 
the patients with stage III, OS and RFS were significantly worse in right-sided colon cancer. In those with liver metastasis, 
OS of right-sided colon cancer was significantly worse than left-sided disease, while RFS was similar. Regarding meta-
chronous liver metastasis, the difference was observed only in the patients whose primary colon cancer was stage III. In 
each stage, significantly higher rate of peritoneal recurrence was found in those with right-sided colon cancer. 
Conclusion: Sidedness of colon cancer had a significant and varied prognostic impact in patients with stage II, III, and 
liver metastasis after curative resection.
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INTRODUCTION 

Colorectal cancer is one of the most common cancers worldwide 
and is the fourth common cause of cancer-related deaths [1]. Re-
cent studies have investigated the impact of primary tumor loca-

tion on colon cancer. It was reported that right-sided colon cancer 
(RSC) more commonly displayed mucinous histologic character-
istics, microsatellite instability (MSI), and mutations of RAS, BRAF, 
and PIK3CA genes compared with left-sided colon cancer (LSC) 
[2, 3]. A meta-analysis of 1,437,846 patients in 2017 reported that 
LSC was associated with a significantly reduced risk of death com-
pared with RSC that was independent of tumor stage [4]. However, 
in 2019, another meta-analysis of 581,542 patients with stages I–III 
colon cancer reported that the prognosis of LSC was significantly 
better than RSC for stage III disease, while for stage I–II disease 
the prognosis of LSC was significantly worse than RSC [5]. Oth-
ers also reported that the impact of tumor location on outcome 
varied by tumor stage [6, 7], and this is still a controversial topic. 

The impact of primary tumor location of colorectal liver metas-
tasis (CRLM) has been also studied. Analysis of patients with un-
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resectable CRLM who participated in 6 randomized trials (CRYS-
TAL, FIRE-3, CALGB 80405, PRIME, PEAK, and 20050181) 
showed worse overall survival (OS) and progression-free survival 
for patients with RSC [8]. For those with resectable CRLM, some 
studies reported that RSC was associated with worse OS and re-
currence-free survival (RFS) [9, 10], while other studies found 
that although OS was worse in RSC, RFS was similar in both RSC 
and LSC [11, 12]. 

The aim of our study was to analyze the difference in clinico-
pathological features, patterns of recurrence, and prognostic im-
pact according to the sidedness of the primary colon cancer in 
patients with stage II, III, and IV colon cancer with CRLM who 
underwent curative resection in a single center.

This study was approved by the Ethics Committee of Nara Med-
ical University (No.1620, No.1986). Written informed consent for 
use of the patients’ clinical data was obtained before surgery.

METHODS 

Study population
For analysis of stage II and III colon cancer, the data of consecu-
tive patients who underwent curative resection at the Department 
of Surgery, Nara Medical University in Kashihara, Japan between 
January 2007 and December 2013 were retrieved from a prospec-
tive database. Preoperative characteristics, operative outcomes, 
pathological findings, and long-term outcomes were analyzed 
separately according to the cancer stage. The stage was classified 
using the 7th edition of the Union for International Cancer Con-
trol/TNM classification. T and N factors were evaluated histologi-
cally. For analysis of CRLM, the data for all consecutive patients 
who underwent curative liver resection at the same institution be-
tween January 2000 and December 2016 were retrieved. Patients 
with rectal cancer were excluded. We divided the patients into  
2 groups, namely those with RSC, defined as a tumor located be-
tween the cecum and the splenic flexure of the colon; and those 
with LSC, defined as a tumor located from the splenic flexure of 
the colon to the sigmoid colon. Clinicopathological factors included 
age, sex, T factor, N factor, lymphatic invasion, venous invasion, 
histological differentiation, carcinoembryonic antigen (CEA), 
carbohydrate antigen 19-9 (CA19-9), and use of adjuvant chemo-
therapy. For CRLM, details of the timing of liver metastasis (syn-
chronous/metachronous), number of CRLM, and maximum tu-
mor size of CRLM were also collected. Regarding stage II and III 
colon cancer, some clinicopathological factors were significantly 
different between the RSC group and the LSC group. Therefore, 
one-to-one propensity score matching analysis was performed. 
Long-term outcomes were evaluated by RFS and OS. Multivariate 
analysis using Cox proportional hazard model was also performed 
to analyze the prognostic impact of tumor sidedness.

Patient management
Regarding stage II and III colon cancer, all colectomies were car-

ried out with curative intent and lymph node cleaning, the level 
determined by the attending surgeon’s decision. In this study pe-
riod, laparoscopic approach was performed mainly for T1 to T3 
tumors. Bulky tumors or tumors with obvious lymph node swell-
ing were applied for open colectomies. At least D2 lymph node 
dissection was performed in the all cases. D3 lymph node resection 
in LSC included the inferior mesenteric artery preserved cases 
and resected cases. Neoadjuvant chemotherapy was not performed 
in this study. Adjuvant chemotherapy was used in the patients 
with stage III or high-risk stage II colon cancer, if the general con-
dition of the patient was compatible. In this study period, 6 months 
of uracil-tegafur/leucovorin (LV), S-1, or capecitabine was per-
formed as adjuvant chemotherapy. Patients with numerous lymph 
node metastasis or T4 tumors underwent 6 months of FOLFOX 
(folinic acid, fluorouracil, and oxaliplatin) or XELOX (capecitabine 
and oxaliplatin). Regarding CRLM, all liver resections were carried 
out with curative intent. Neoadjuvant chemotherapy was not ad-
ministered for resectable CRLM, while postoperative adjuvant 
chemotherapy was administered routinely, except in cases involv-
ing patients that exhibited a poor performance status or severe 
chronic renal failure. The main adjuvant chemotherapy regimen 
was arterial infusion chemotherapy or 5-fluorouracil/LV before 
2004, while after 2005, oxaliplatin-based regimens such as FOLFOX, 
XELOX, and SOX (s-1 and oxaliplatin) were mainly used. Patients 
were followed-up every 4 months for up to 3 years after surgery 
and every 6 months thereafter. During the follow-up examinations, 
the patients’ serum CEA and CA19-9 levels were measured and 
contrast-enhanced abdominal and thoracic computed tomogra-
phy was performed. The sites of recurrence were recorded and 
were classified into liver, lung, peritoneum, lymph node, and other 
organs.

Statistical analysis 
Baseline characteristics of patients were expressed as medians for 
continuous data, and absolute values and percentages for categori-
cal data. Fisher exact test or the chi-square test was used to iden-
tify differences in the categorical variables. A survival analysis was 
conducted using the Kaplan-Meier method, and the significance 
of differences between survival curves was determined using the 
log-rank test. One-to-one propensity matching analyses for stage 
II and stage III colon cancer was performed. The propensity scores 
were calculated for each patient using logistic regression analysis 
involving the following covariates; age, sex, T factor, lymphatic in-
vasion, and venous invasion. Univariate and multivariate analyses 
of prognostic factors using Cox proportional hazard model were 
performed for stage II and stage III colon cancer. Multivariate anal-
ysis was performed with the factors that were identified as signifi-
cant prognostic factors in univariate analysis. All statistical analy-
ses were performed using IBM SPSS Statistics ver. 26.0 (IBM Corp., 
Armonk, NY, USA), and statistical significance was defined as a P 
value of < 0.05. 
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Table 1. Characteristics of the patients with stage II colon cancer

Variable
Before propensity matching After propensity matching 

Right-sided (n = 56) Left-sided (n = 54) P-value Right-sided (n = 28) Left-sided (n = 28) P-value

Age (yr) 67 (28–95) 71 (38–91) 0.086 71 (32–95) 70 (38–90) 0.646

Sex 0.031 0.789

   Male 27 (48.2) 37 (68.5) 14 (50.0) 15 (53.6)

   Female    29 (51.8) 17 (31.5) 14 (50.0) 13 (46.4)

Adjuvant chemotherapy 0.432 0.383

   Absent    45 (80.4) 40 (74.1) 18 (64.3) 21 (75.0)

   Present 11 (19.6) 14 (25.9) 10 (35.7) 7 (25.0)

T factor, UICC 7th ed 0.031 0.752

   T1–3 48 (85.7) 37 (68.5) 22 (78.6) 21 (75.0)

   T4 8 (14.3) 17 (31.5) 6 (21.4) 7 (25.0)

Lymphatic invasion 0.146 > 0.999

   ly0–1 46 (82.1) 38 (70.4) 24 (85.7) 24 (85.7)

   ly2–3 10 (17.9) 16 (29.6) 4 (14.3) 4 (14.3)

Venous invasion 0.002 > 0.999

   v0–1 48 (85.7) 32 (59.3) 26 (92.9) 25 (89.3)

   v2–3 8 (14.3) 22 (40.7) 2 (7.1) 3 (10.7)

Histological differentiation of primary colorectal cancer 0.003 0.459

   Pap 7 (12.5) 1 (1.9) 4 (14.3) 1 (3.6)

   Tub1 12 (21.4) 27 (50.0) 9 (32.1) 11 (39.3)

   Tub2 30 (53.6) 24 (44.4) 14 (50.0) 14 (50.0)

   Muc/por 7 (12.5) 2 (3.7) 1 (3.6) 2 (7.1)

CEA (ng/mL) 0.941 0.554

   ≥ 10 18 (32.1) 17 (31.5) 9 (32.1) 7 (25.0)

   < 10 38 (67.9) 37 (68.5) 19 (67.9) 21 (75.0)

CA19-9 (U/mL) 0.862 > 0.999

   ≥ 37 10 (17.9) 8 (14.8) 4 (14.3) 4 (14.3)

   < 37 46 (82.1) 46 (85.2) 24 (85.7) 24 (85.7)

Lymph node cleaning 0.089 0.252

   D3 51 (91.1) 43 (79.6) 26 (92.9) 22 (78.6)

   D1–2 5 (8.9) 11 (20.4) 2 (7.1) 6 (21.4)

Laparoscopic approach 0.533 0.786

   Present 24 (42.9) 20 (27.0) 12 (42.9) 11 (39.3)

   Absent 32 (57.1) 34 (63.0) 16 (57.1) 17 (60.7)

Estimated blood loss (mL) 0.154 0.252

   ≥ 200 11 (19.6) 17 (31.5) 7 (25.0) 11 (39.3)

   < 200 45 (80.4) 37 (68.5) 21 (75.0) 17 (60.7)

Operative duration (min) 0.835 0.179

   ≥ 240 30 (53.6) 30 (55.6) 13 (46.4) 18 (64.3)

   < 240 26 (46.4) 24 (44.4) 15 (53.6) 10 (35.7)

Values are presented as median (range) or number (%).
UICC, Union for International Cancer Control; pap, papillary adenocarcinoma; tub1, well-differentiated tubular adenocarcinoma; tub2, moderately differentiated tubular ad-
enocarcinoma; muc, mucinous adenocarcinoma; por, poorly differentiated adenocarcinoma; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9. 



Annals of

Coloproctology

www.coloproctol.org

Volume 37, Number 5, 2021

Ann Coloproctol 2021;37(5):326-336

329

RESULTS 

Characteristics and outcomes of stage II colon cancer
Table 1 shows the characteristics of the patients with stage II colon 
cancer. There were 56 patients in the RSC group and 54 patients 
in the LSC group. The proportion of women was significantly higher 
in the RSC group (51.8% vs. 31.5%, P= 0.031). The proportion of 
tumor stage T4 was significantly higher in the LSC group (31.5% 
vs. 14.3%, P = 0.031). The proportion of v2–3 was significantly 
higher in the LSC group (40.7% vs. 14.3%, P= 0.002). The propor-
tion of mucinous or poorly differentiated adenocarcinoma was 

significantly higher in the RSC group (12.5% vs. 3.7%, P= 0.003). 
After propensity matching, 28 pairs were extracted. There was no 
significant difference between the RSC and the LSC groups. Fig. 1A 
and B show the OS and the RFS of the patients with stage II colon 
cancer before propensity matching. No significant difference was 
observed. Fig. 1C and D show the results after propensity match-
ing. There was no significant difference. 

Characteristics and outcomes of stage III colon cancer
Table 2 shows the characteristics of the patients with stage III colon 
cancer. There were 48 patients in the RSC group and 52 patients 

Fig. 1. Kaplan-Meier curve of overall survival (OS) and recurrence-free survival (RFS) for patients with stage II colon cancer before propen-
sity score matching (A, B) and after propensity score matching (C, D). (A) OS did not differ significantly between the groups (P = 0.415). (B) 
RFS did not differ significantly between the groups (P = 0.143). (C) OS did not differ significantly between the groups (P = 0.565). (D) RFS did 
not differ significantly between the groups (P = 0.753).
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Table 2. Characteristics of the patients with stage III colon cancer

Variable
Before propensity matching After propensity matching 

Right-sided (n = 48) Left-sided (n = 52) P-value Right-sided (n = 32) Left-sided (n = 32) P-value

Age (yr) 73 (45–90) 68 (43–92) 0.005 72 (45–87) 72 (54–86) 0.185

Sex 0.652 0.211

   Male 20 (41.7) 24 (46.2) 13 (40.6) 18 (56.3)

   Female    28 (58.3) 28 (53.8) 19 (59.4) 14 (43.8)

Adjuvant chemotherapy 0.921 0.302

   Absent    18 (37.5) 19 (36.5) 14 (43.8) 10 (31.3)

   Present 30 (62.5) 33 (63.5) 18 (56.3) 22 (68.8)

T factor, UICC 7th ed 0.016 > 0.999

   T1–3 40 (83.3) 32 (61.5) 24 (75.0) 24 (75.0)

   T4 8 (16.7) 20 (38.5) 8 (25.0) 8 (25.0)

N factor of primary colorectal cancer, UICC 7th ed 0.159 0.708

   N0–1 34 (70.8) 43 (82.7) 29 (90.6) 27 (84.4)

   N2–3 14 (29.2) 9 (17.3) 3 (9.4) 5 (15.6)

Lymphatic invasion 0.466 0.790

   ly0–1 32 (66.7) 31 (59.6) 22 (68.8) 21 (65.6)

   ly2–3 16 (33.3) 21 (40.4) 10 (31.3) 11 (34.4)

Venous invasion 0.127 > 0.999

   v0–1 33 (68.8) 28 (53.8) 20 (62.5) 20 (62.5)

   v2–3 15 (31.2) 24 (46.2) 12 (37.5) 12 (37.5)

Histological differentiation of primary colorectal cancer 0.074 0.466

   Pap 1 (2.1) 3 (5.8) 1 (3.1) 0

   Tub1 20 (41.7) 11 (21.2) 10 (31.2) 11 (34.4)

   Tub2 22 (45.8) 35 (67.3) 19 (59.4) 19 (59.4)

   Muc/por 5 (10.4) 3 (5.8) 2 (6.3) 2 (6.3)

CEA (ng/mL) 0.254 0.281

   ≥ 10 16 (33.3) 12 (23.1) 12 (37.5) 8 (25.0)

   < 10 32 (66.7) 40 (76.9) 20 (62.5) 24 (75.0)

CA19-9 (U/mL) 0.118 0.302

   ≥ 37 10 (20.8) 5 (9.6) 7 (21.9) 3 (9.4)

   < 37 38 (79.2) 47 (90.4) 25 (78.1) 29 (90.6)

Lymph node cleaning 0.313 0.355

   D3 39 (81.3) 46 (88.5) 28 (87.5) 31 (96.9)

   D1–2 9 (18.8) 6 (11.5) 4 (12.5) 1 (3.1)

Laparoscopic approach 0.005 0.024

   Present  16 (33.3) 32 (61.5) 11 (34.4) 20 (62.5)

   Absent    32 (66.7) 20 (38.5) 21 (65.6) 12 (37.5)

Estimated blood loss (mL) 0.313 0.777

   ≥ 200 9 (18.8) 10 (19.2) 8 (25.0) 9 (28.1)

   < 200 39 (81.3) 42 (80.8) 24 (75.0) 23 (71.9)

Operative duration (min) 0.951 > 0.999

   ≥ 240 20 (41.7) 25 (48.1) 14 (43.8) 14 (43.8)

   < 240 28 (58.3) 27 (51.9) 18 (56.3) 18 (56.3)

Values are presented as median (range) or number (%).
UICC, Union for International Cancer Control; pap, papillary adenocarcinoma; tub1, well-differentiated tubular adenocarcinoma; tub2, moderately differentiated tubular ad-
enocarcinoma; muc, mucinous adenocarcinoma; por, poorly differentiated adenocarcinoma; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9. 
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in the LSC group. The median age was significantly older in the 
RSC group (73 vs. 68 years, P= 0.005). The proportion of tumor 
stage T4 was significantly higher in the LSC group (38.5 vs. 16.7%, 
P = 0.016). After propensity matching, 32 pairs were extracted. 
There was no significant difference between the RSC and LSC 
groups. Fig. 2A and B show the OS and RFS of the patients with 
stage III colon cancer before propensity matching. The OS and 
RFS of the RSC group were both significantly worse than the LSC 
group (P= 0.004 and P= 0.020, respectively). Fig. 2C and D show 
the results after propensity matching. The OS and the RFS of RSC 
group were both significantly worse than the LSC group (P= 0.006 

and P= 0.007, respectively).

Univariate and multivariate analysis of prognostic factors 
for stage II colon cancer 
Table 3 shows the analysis of prognostic factors for OS in stage II 
colon cancer. Univariate analysis showed no prognostic impact in 
location of the colon cancer. Laparoscopic approach, estimated 
blood loss of ≥ 200 mL, and operative duration of < 240 minutes 
showed significant difference in univariate analysis, while multi-
variate analysis showed no significant prognostic factors.
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Fig. 2. Kaplan-Meier curve of overall survival (OS) and recurrence-free survival (RFS) for patients with stage III colon cancer before propen-
sity score matching (A, B) and after propensity score matching (C, D). (A) OS of the right-sided group was significantly worse than the left-
sided group (P = 0.004). (B) RFS of the right-sided group was significantly worse than the left-sided group (P = 0.020). (C) OS of the right-
sided group was significantly worse than the left-sided group (P = 0.004). (D) RFS of the right-sided group was significantly worse than the 
left-sided group (P = 0.020).
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Table 3. Uni- and multivariate analysis of overall survival for the stage II colon cancer

Variable Category
No. of 

patients 

Univariate analysis Multivariate analysis 

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

Age (yr) ≥ 70/ < 70 66/44 1.714 0.733–4.010 0.214 - - -

Sex Male/female 64/46 0.825 0.370–1.838 0.638 - - -

Adjuvant chemotherapy Absent/present 85/25 0.735 0.251–2.152 0.575 - - -

T factor, UICC 7th ed T4/T1–3 25/85 0.701 0.239–2.052 0.516 - - -

Lymphatic invasion ly2–3/ly0–1 26/84 0.511 0.175–1.491 0.219 - - -

Venous invasion v2–3/v0–1 30/80 0.567 0.213–1.511 0.257 - - -

Histological differentiation Muc/pap/others 9/101 1.395 0.325–5.978 0.654 - - -

CEA (ng/mL) ≥ 10/ < 10 34/76 1.775 0.804–3.919 0.156 - - -

CA19-9 (U/mL) ≥ 37/ < 37 18/92 1.257 0.465–3.398 0.652 - - -

Lymph node cleaning D1–2/D3 16/94 0.890 0.265–2.990 0.850 - - -

Laparoscopic approach Present/absent 44/66 3.922 1.329–11.573 0.013 1.851 0.509–6.724 0.350

Estimated blood loss (mL) ≥ 200/ < 200 28/82 2.543 1.138–5.684 0.023 2.425 0.932–6.308 0.075

Operative duration (min) ≥ 240/ < 240 60/50 0.418 0.184–0.951 0.037 0.424 0.165–1.089 0.069

Location of the colon cancer Right/left 56/54 0.718 0.325–1.590 0.415

HR, hazard ratio; CI, confidence interval; UICC, Union for International Cancer Control; muc, mucinous adenocarcinoma; pap, papillary adenocarcinoma; CEA, carcinoem-
bryonic antigen; CA19-9, carbohydrate antigen 19-9. 

Table 4. Uni- and multivariate analysis of overall survival for the stage III colon cancer

Variable Category
No. of 

patients

Univariate analysis Multivariate analysis

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

Age (yr) ≥ 70/ < 70 64/36 1.640 0.693–3.881 0.261 - - -

Sex Male/female 44/56 0.662 0.303–1.448 0.302 - - -

Adjuvant chemotherapy Absent/present 37/63 0.544 0.255–1.163 0.116 - - -

T factor, UICC 7th ed T4/T1–3 23/77 0.572 0.228–1.436 0.234 - - -

N factor, UICC 7th ed N2–3/N1 23/77 0.678 0.231–1.984 0.478 - - -

Lymphatic invasion ly2–3/ly0–1 37/63 0.551 0.232–1.309 0.177 - - -

Venous invasion v2–3/v0–1 39/61 1.096 0.511–2.347 0.814 - - -

Histological differentiation Muc/pap/other 8/92 0.530 0.071–3.928 0.534 - - -

CEA (ng/mL) ≥ 10/ < 10 28/72 2.350 1.093–5.054 0.029 2.699 1.196–6.088 0.017

CA19-9 (U/mL) ≥ 37/ < 37 15/85 1.548 0.583–4.111 0.380 - - -

Lymph node cleaning D1–2/D3 15/85 0.408 0.172–0.967 0.042 0.452 0.138–1.016 0.105

Laparoscopic approach Present/absent 48/52 1.937 0.869–4.316 0.106 - - -

Estimated blood loss (mL) ≥ 200/ < 200 19/81 0.822 0.310–2.183 0.695 - - -

Operative duration (min) ≥ 240/ < 240 45/55 0.665 0.304–1.452 0.306 - - -

Location of the colon cancer Right/left 48/52 3.145 1.372–7.194 0.007 2.688 1.786–6.211 0.021

HR, hazard ratio; CI, confidence interval; UICC, Union for International Cancer Control; muc, mucinous adenocarcinoma; pap, papillary adenocarcinoma; CEA, carcinoem-
bryonic antigen; CA19-9, carbohydrate antigen 19-9. 

Univariate and multivariate analysis of prognostic factors 
for stage III colon cancer 
Table 4 shows the analysis of prognostic factors for OS in stage III 
colon cancer. Univariate analysis revealed RSC was a poor prog-

nostic factor. CEA of ≥ 10 ng/mL and D3 lymph node cleaning 
were also identified as poor prognostic factors. Multivariate anal-
ysis revealed RSC (hazard ratio [HR], 2.688; P= 0.007) and CEA 
of ≥ 10 ng/mL (HR, 2.699; P= 0.017) were independent poor prog-
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nostic factors for OS in stage III colon cancer. 

Characteristics and outcomes of liver metastasis
Table 5 shows the characteristics of the patients with liver metas-
tasis. There were 41 patients in the RSC group and 65 patients in 
the LSC group. The proportion of synchronous metastasis, num-
ber of liver metastases, and maximum tumor size were similar in 
the RSC and LSC groups. The proportions of tumor stages T4, 

Table 5. Characteristics of the patients with liver metastasis of colon 
cancer

Variable
Right-sided 

(n = 41)
Left-sided 

(n = 65)
P-value

Age (yr) 68 (43–84) 65 (38–84) 0.203

Sex 0.261

   Male 24 (58.5) 45 (69.2)

   Female    17 (41.5) 20 (30.8)

Timing of liver metastasis 0.202

   Synchronous 15 (36.6) 32 (49.2)

   Metachronous 26 (63.4) 33 (50.8)

No. of liver metastasis 0.182

   1 21 (51.2) 29 (44.6)

   2–4 15 (36.6) 23 (35.4)

   ≥ 5 5 (12.2) 13 (20.0)

Maximum tumor size 0.297

   ≥ 5 5 (12.2) 13 (20.0)

   < 5 36 (87.8) 52 (80.0)

T factor of primary colorectal cancer, UICC 7th ed 0.593

   T1–3 31 (75.6) 52 (80.0)

   T4 10 (24.4) 13 (20.0)

N factor of primary colorectal cancer, UICC 7th ed 0.707

   N0–1 31 (75.6) 47 (72.3)

   N2–3 10 (24.4) 18 (27.7)

Lymphatic invasion of primary colorectal cancer 0.880

   ly0–1 28 (68.3) 47 (72.3)

   ly2–3 13 (31.7) 18 (27.7)

Venous invasion of primary colorectal cancer 0.627

   v0–1 22 (53.7) 38 (58.5)

   v2–3 19 (46.3) 27 (41.5)

Histological differentiation of primary colorectal cancer 0.485

   Pap 0 (0) 1 (1.5)

   Tub1 15 (36.6) 21 (32.3)

   Tub2 22 (53.7) 39 (60.0)

   Muc/por 4 (9.8) 4 (6.2)

(Continued to the next)

Variable
Right-sided 

(n = 41)
Left-sided 

(n = 65)
P-value

CEA (ng/mL) 0.862

   ≥ 10 22 (53.7) 36 (55.4)

   < 10 19 (46.3) 29 (44.6)

CA19-9 (U/mL) 0.016

   ≥ 37 23 (56.1) 21 (32.3)

   < 37 18 (43.9) 44 (67.7)

Laparoscopic approach 0.658

   Present 13 (31.7) 18 (27.7)

   Absent    28 (68.3) 47 (72.3)

Adjuvant chemotherapy 0.535

   Present 26 (63.4) 45 (69.2)

   Absent    15 (36.6) 20 (30.8)

Values are presented as median (range) or number (%).
UICC, Union for International Cancer Control; pap, papillary adenocarcinoma; tub1, 
well-differentiated tubular adenocarcinoma; tub2, moderately differentiated tubu-
lar adenocarcinoma; muc, mucinous adenocarcinoma; por, poorly differentiated 
adenocarcinoma; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 
19-9. 

Table 5. Continued

N2–3, ly2–3, and v2–3 of the primary colon cancer were similar 
in the 2 groups. The proportion of patients whose CA19-9 level 
was > 37 U/mL was significantly higher in the RSC group (56.1% 
vs. 32.3%, P= 0.016). Fig. 3A and B show the OS and RFS after 
liver resection for the patients with liver metastasis. The OS of the 
RSC group was significantly worse than the LSC group (P= 0.032; 
Fig. 3A), while no significant difference was observed in RFS (P=  
0.412; Fig. 3B). 

Outcomes of metachronous liver metastasis 
Fig. 3C shows the OS after liver resection for the patients with meta-
chronous liver metastasis whose primary colon cancer was stage 
II. There was no significant difference between the RSC and LSC 
groups (P= 0.668). Fig. 3D shows the OS after liver resection for 
the patients with metachronous liver metastasis whose primary 
colon cancer was stage III. The OS of the RSC group was signifi-
cantly worse than the LSC group (P= 0.026).

Details of the recurrent site after curative resection 
Table 6 summarizes the details of site of recurrence by each cancer 
stage. The recurrent sites include initial recurrence and second 
and subsequent recurrent sites. The proportion of peritoneal dis-
semination was significantly higher in the RSC group compared 
with the LSC group in those with stage II (80.0% vs. 15.4%, P=  
0.022), stage III (62.5% vs. 27.3%, P= 0.022), and liver metastasis 
(23.3% vs. 6.4%, P= 0.041).
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Table 6. Recurrent site after curative resection

Variable

Stage II Stage III Liver metastasis

Right-sided 
(n = 5)

Left-sided 
(n = 13)

P-value
Right-sided 

(n = 16)
Left-sided 

(n = 11)
P-value

Right-sided 
(n = 30)

Left-sided 
(n = 47)

P-value

Liver 1 (20.0) 8 (61.5) 0.294 7 (43.8) 5 (45.5) 0.759 20 (66.7) 37 (78.7) 0.239

Lung 2 (40.0) 5 (38.5) > 0.999 4 (25.0) 3 (27.3) > 0.999 4 (13.3) 10 (21.3) 0.547

Peritoneal dissemination 4 (80.0) 2 (15.4) 0.022 10 (62.5) 3 (27.3) 0.022 7 (23.3) 3 (6.4) 0.041

Lymph node 1 (20.0) 3 (23.1) > 0.999 3 (18.8) 2 (18.2) > 0.999 2 (6.7) 6 (12.8) 0.472

Other 0 2 (15.4) > 0.999 1 (6.3) 2 (18.2) 0.549 0 (0) 1 (2.1) 0.361

Values are presented as number (%). 

Fig. 3. Kaplan-Meier curve of overall survival (OS) and recurrence-free survival (RFS) for patients with liver metastasis. (A) OS of the right-
sided group was significantly worse than the left-sided group (P = 0.032). (B) RFS did not differ significantly between the groups (P = 0.412). 
(C) Result of the metachronous liver metastasis whose primary colon cancer was stage II. OS did not differ significantly between the groups 
(P = 0.668). (D) Result of the metachronous liver metastasis whose primary colon cancer was stage III. The right-sided group was significantly 
worse than the left-sided group (P = 0.026).
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DISCUSSION

The prognostic difference between RSC and LSC has been re-
ported since 2010 [13]. Large scale meta-analyses and multi-insti-
tutional studies have been performed for stage I–III colon cancer 
[4-6, 14]. Petrelli et al. [4] reported that LSC was associated with a 
significantly reduced risk of death regardless of stage. However, 
Ishihara et al. [14] reported that the RFS of RSC was significantly 
better than LSC in stage II–III colon cancer. On the other hand, 
Ha et al. [5] and Kishiki et al. [6] reported that the prognosis of 
RSC was significantly worse in stage III colon cancer, while oppo-
site results were obtained in stage I–II colon cancer. The present 
study analyzed difference between RSC and LSC in patients with 
stage II and stage III disease separately. As there were some signif-
icantly different clinicopathological factors, one-to-one propen-
sity score matching was also performed. Regarding stage II dis-
ease, there was no significant prognostic difference between the 
RSC and LSC groups. On the other hand, OS and RFS of the RSC 
group were significantly worse in stage III disease in all cases and 
propensity-matched cases. Furthermore, multivariate analysis us-
ing Cox proportional hazard model revealed that the prognosis of 
the RSC group was significantly worse in stage III but not in stage 
II. Consistent with the previous reports, differences between stage 
II and III disease were observed in the present study. Although 
this study included a relatively small number of the patients, the 
treatment strategy and perioperative management were standard-
ized. Moreover one-to-one propensity matching analysis provided 
more reliable results.

Based on a large-scale retrospective analysis, RSC was more fre-
quently found in women and the elderly [13] and our study con-
firmed this, with more women in the RSC group with stage II dis-
ease, and significantly older patients in the RSC group with stage 
III disease. Previous reports have suggested that RSC were more 
advanced as they presented fewer symptoms with less opportunity 
for early diagnosis with colonoscopy compared with LSC [6, 13]. 
However, in the present study, the proportion of the tumor stage 
T4 was significantly higher in the LSC group with stage II and III 
disease. This could have been because of referrals of advanced 
LSC to our institution as the high volume center in our region. 
RSC has been reported to include more poorly differentiated or 
mucinous histology [5, 13], and we found that was so in the RSC 
group with stage II disease. 

Embryologically, the right colon derives from the midgut, while 
the left colon derives from the hindgut, and molecular and genetic 
differences between them have been documented. RSC more fre-
quently have mutations of RAS, BRAF, and MSI-high [13, 15], 
while LSC more frequently have mutations of p53 and APC [16]. 
MSI-high was found to be more frequent in stage II RSC com-
pared with stage III RSC [17], and was an independent favorable 
prognostic factor in colorectal cancer [18, 19]. Mutations of BRAF 
and RAS have been reported to connect with aggressive tumor bi-
ology and poor prognosis. Therefore, the poor prognostic impact 

of mutations of BRAF and RAS in stage II RSC might be obscured 
by the impact of MSI-high.

In our study, the impact of primary tumor location on the prog-
nosis after liver resection for CRLM was also studied. Clinicopath-
ological factors were not significantly different between the RSC 
and LSC groups (except for the level of CA19-9), and propensity-
matched analysis was not performed. The OS of the RSC group 
was significantly worse, while the RFS was not significantly differ-
ent. Regarding metachronous liver metastasis, the patients whose 
primary colon cancer was stage II showed no significant difference 
of OS between RSC and LSC groups, while in the patients whose 
primary colon cancer was stage III, the OS of the RSC group was 
significantly worse than the LSC group. This result suggested the 
difference of tumor biology between stage II and stage III colon 
cancer which influenced even in metachronous liver metastasis. 
Although previous studies reported worse OS of RSC after liver 
resection for CRLM [9-12], the result focused on metachronous 
liver metastasis has not been reported yet. Moreover, the surgical 
indication and treatment strategy for CRLM were standardized in 
the present study [20-22]. Therefore, the results of the present study 
might be more reliable. 

The details of sites of recurrence after liver resection were also 
analyzed in this study. Regarding liver metastasis, the RSC group 
included a significantly higher proportion of peritoneal dissemi-
nation (23.3% vs. 6.4%, P= 0.041) which might have worsened 
OS of the RSC group, while not affecting RFS. Moreover, the pro-
portion of peritoneal dissemination was significantly higher in 
the RSC group both in stage II and stage III. A correlation between 
BRAF mutation and peritoneal recurrence has been reported [15]. 
Considering the high incidence of BRAF mutation in RSC, these 
results were consistent with those findings. 

The present study had limitations. First, it was retrospective in 
nature. Second, the study was from a single institution with a small 
sample size. Third, the assays of BRAF mutation, EGFR and MSI 
were not performed, and the number of assays for RAS mutation 
was very low (data not shown). Therefore, genetic assessment be-
tween the tumor location and the oncologic relevance was not 
performed in this study. Despite these limitations, the patients in 
this study underwent a standardized treatment strategy, with anal-
ysis by disease stage, and the propensity-matched analysis might 
strengthen the results.

In conclusion, sidedness of colon cancer had a significant and 
varied prognostic impact in patients with stage II, III, and liver 
metastasis after curative resection. RSCs had more peritoneal re-
currence in each disease stage.
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