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Is primary tumor location an independent prognostic factor
in stage IV colon cancer?
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Abstract:
Objectives: To determine whether primary tumor location is an independent prognostic factor in stage IV

colon cancer, focusing on its relationship with chemotherapy and/or sex. Methods: We retrospectively ana-

lyzed clinicopathological data from 255 patients with stage IV colon cancer from two treatment eras ac-

cording to the year of starting multidrug combination chemotherapy: period A was from 1985 to 2005 and

period B from 2006 to 2013. Propensity score matching (1:1) was performed to assess overall survival(OS).

Results: Right-sided colon cancer tended to be more common in elderly females with large-sized tumors,

exhibiting mucinous histology or peritoneal dissemination. After propensity score matching, 130 patients

were identified. There was no difference in OS between left-sided and right-sided tumors in either period A

or B. The prognosis of patients receiving chemotherapy in either period was superior to that of those with-

out chemotherapy. Better outcome of chemotherapy was seen only in female left-sided patients from both

periods (p < 0.05). By multivariate analysis, liver metastasis, peritoneal dissemination, and chemotherapy

were found to be independent risk factors in period A, whereas only liver metastasis and chemotherapy

were the independent factors in period B. Conclusions: Primary tumor location is not an independent prog-

nostic factor, but seems to be a chemotherapy effect modifier.
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Introduction

A relationship between primary tumor location and prog-

nosis of colon cancer was previously reported1), but this may

vary at different tumor stages2) owing to different underlying

gene mutations3-8). According to the latest ESMO guidelines,

anti-EGFR antibody treatment is recommended for left-sided

unresectable advanced recurrent colorectal cancer9). However,

the importance of primary tumor location relative to other

prognostic factors for the outcome of chemotherapy for un-

resectable advanced recurrent colorectal cancer is not estab-

lished.

Clearly, age is a strong risk factor for colorectal can-

cer10,11), and sex differences due to the hormonal background

associated with aging are also present12,13). Moreover, Tsai et

al. reported that BRAF mutations, MSI-high status, and N-

RAS differ according to sex in colorectal cancer13). In the

present study, we investigated whether primary tumor loca-

tion is an independent prognostic factor for survival, focus-

ing on relationships with chemotherapy and/or sex.

Methods

Patients

A retrospective study of a single-center cohort was per-
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Table　1.　Patients’ Background before Propensity Score Matching.

period A (n=173) period B (n=82)

left-sided 

(112)

right-sided 

(61)
p

left-sided 

(48)

right-sided 

(34)
p

age ≥75y/o 21% (23/112) 28% (17/61) 0.345 29% (14/48) 47% (16/34) 0.110

Percentage of women 46% (51/112) 57% (35/61) 0.154 54% (26/48) 68% (23/34) 0.258

Intestinal obstruction 21% (19/89) 21% (9/43) 1 19% (9/48) 41% (14/34) 0.045

Tumor diameter ≥55 mm 42% (39/92) 57% (31/54) 0.089 44% (21/48) 59% (20/34) 0.364

Histological type Well, Mod 

 Poorly, Muc

95% (100/105)

 5% (5/105)

85% (51/60)

15% (9/60)

0.090 89% (40/45)

11% (5/45)

87% (28/32)

13% (4/32)

1

H3 28% (31/109) 17% (10/60) 0.095 27% (13/48) 24% (8/34) 0.801

P2-3 18% (19/107) 30% (18/61) 0.085 21% (10/48) 21% (7/34) 1

M1b 32% (36/111) 31% (19/61) 1 45% (21/47) 38% (13/34) 0.795

Curability B  9% (10/112)  7% (4/61) 0.356 21% (10/48) 24% (8/34) 0.897

C 91% (102/112) 93% (57/61) 79% (38/48) 76% (26/34)

Chemotherapy 72% (81/112) 62% (38/61) 0.229 70% (33/47) 44% (15/34) 0.023

Well: well-differentiated adenocarcinoma; Mod: moderately-differentiated adenocarcinoma; Poorly: poorly-differentiated adeno-

carcinoma; M1b: multi-organ metastasis (M1a, single organ metastasis)

Curability B: no evidence of residual tumor but not evaluable

Curability C: definite residual tumor

formed. Patients were stratified into different treatment eras,

before and after the introduction of multidrug combination

chemotherapy in 2006 at our hospital. Patients were desig-

nated as having been treated during period A (1985-2005)

and period B (2006-2013). Of 1035 patients with colon can-

cer, data on 173 stage IV patients were extracted for inclu-

sion in the period A group; of 412 patients, 82 stage IV pa-

tients were included in period B. The left-sided group was

defined as the presence of the tumor in the colon between

the splenic flexure and the rectosigmoid colon, and right-

sided was definded as the presence of the tumor in the colon

between the cecum and the transverse colon.

This study was approved by the ethics review board of

Kumamoto City Hospital (Ethical Committee Approval No.

519).

Clinical data collection

Clinical information, including age, sex, tumor location,

clinicopathological prognostic features, and follow-up, were

retrieved from the database of the Department of Surgery,

Kumamoto City Hospital.

Definitions

Curability refers to the degree of residual tumor (B, no

evidence of residual tumor but not evaluable; C, definite re-

sidual tumor). M1 indicates distant metastasis (M1a, single

organ metastasis; M1b, multi-organ metastasis). The extent

of distant metastasis in the period A group was quantified

according to the General Rules for Clinical and Pathological

Studies on Cancer of the Colon, Rectum, and Anus, 6th edi-

tion14), and in period B group according to the 7th edition15).

Statistics

All statistical analyses were performed using EZR (Sai-

tama Medical Center, Jichi Medical University, Saitama, Ja-

pan), which is a graphical user interface for R (The R Foun-

dation for Statistical Computing, Vienna, Austria). Chi-

square or Fisher exact tests were used, when appropriate, to

compare clinicopathological features. Survival curves were

plotted using the Kaplan-Meier method and compared using

the log-rank test. The Cox proportional hazards test was

used for univariate and multivariate analyses. In all analyses,

statistical significance was set as p < 0.05.

We also performed a 1:1 propensity score analyses using

a logistic regression model with potential variables, includ-

ing age, sex, tumor size, histological type and peritoneal dis-

semination, according to clinical data.

Using nearest-neighbor matching without replacement,

propensity scores were matched using a caliper of 0.001.

Results

Patient characteristics

Mean age was lower in the group of patients treated dur-

ing period A than those treated during period B (65 years

vs. 72 years, p < 0.05). The proportion of women was 0.5

and 0.6 in patients from periods A and B respectively. The

clinicopathological characteristics of the patients are summa-

rized in Table 1. Data from 61 right-sided and 112 left-sided

patients from period A and 34 right-sided and 48 left-sided

patients from period B were available for analysis. In pa-

tients from period B, the frequency of intestinal obstruction
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Table　2.　Patients’ Background after Propensity Score Matching.

period A (n=78) period B (n=52)

left-sided 

(39)

right-sided 

(39)
p

left-sided 

(26)

right-sided 

(26)
p

age ≥75y/o 26% (10/39) 26% (10/39) 1 35% (9/26) 35% (9/26) 1

Percentage of women 49% (19/39) 51% (20/39) 1 62% (16/26) 62% (16/26) 1

Intestinal obstruction 27% (8/30) 19% (5/27) 0.677 23% (6/26) 38% (10/26) 0.368

Tumor diameter ≥55 mm 56% (22/39) 54% (21/39) 1 62% (16/26) 62% (16/26) 1

Histological type Well, Mod 95% (37/39) 95% (37/39) 1 96% (25/26) 92% (24/26) 1

 Poorly, Muc  5% (2/39)  5% (2/39)  4% (1/26)  8% (2/26)

H3 36% (14/39) 18% (7/39) 0.125 35% (9/26) 23% (6/26) 0.541

P2-3 21% (8/39) 21% (8/39) 1 19% (5/26) 19% (5/26) 1

M1b 33% (13/39) 33% (13/39) 1 42% (11/26) 42% (11/26) 1

Curability B 10% (4/39)  5% (2/39) 0.675 19% (5/26) 23% (6/26) 1

C 90% (35/39) 95% (37/39) 81% (21/26) 77% (20/26)

Chemotherapy 79% (31/39) 72% (28/39) 0.599 69% (18/26) 50% (13/26) 0.258

Well: well-differentiated adenocarcinoma; Mod: moderately-differentiated adenocarcinoma; Poorly: poorly-differentiated ad-

enocarcinoma; M1b: multi-organ metastasis (M1a, single organ metastasis)

Curability B: no evidence of residual tumor but not evaluable

Curability C: definite residual tumor

was higher in the right-sided than in the left-sided group

(41% vs. 19%, p < 0.05). Although not reaching signifi-

cance, the proportion of older female patients (�75y/o),

those with maximal tumor size exceeding 55 mm and histo-

logical types such as mucinous adenocarcinoma and poorly

differentiated adenocarcinoma tended to be higher in the

right-sided group in both period A and B groups. A high de-

gree of peritoneal dissemination (P2-3) in period A tended

to be more frequent in the right-sided than in the left-sided

group, whereas there was a higher degree of liver metastasis

(H3) in period A in the left-sided than in the right-sided

group (Table 1).

After propensity score matching, all variables were bal-

anced (Table 2).

K-RAS-screening was performed in 11 of 52 patients in

period B. K-RAS wild-type was found in 2 of 4 right-sided

patients, and 2 of 7 left-sided patients.

Treatment

There were no differences in the rates of curability be-

tween the right- and left-sided patients from either treatment

period before or after propensity score-matching (Table 1,

2). In the post-matching data, chemotherapy was adminis-

tered to 76% of period A patients and 60% of period B pa-

tients. Chemotherapy during period A included hepatic arte-

rial infusion and chemoembolization for liver metastasis,

fluorouracil-based oral medication, or intravenous

fluorouracil plus leukovorin (Table 2). In contrast, mFOL-

FOX/CAPOX and bevacizumab were the main chemothera-

peutic agents used during period B. Anti-EGFR antibody

was administered to 44% of right-sided patients and 29% of

left-sided patients. After multidrug combination chemother-

apy, hepatic resection for liver metastasis was performed in

38% of the 8 left-sided M1a patients, and in 33% of the 6

right-sided M1a patients.

Prognosis

The prognostic superiority of left-sided group in the pre-

matching data was not recognized in the post-matching data

[Figure 1-A(a), B(a), n.s.]. The prognoses of patients receiv-

ing chemotherapy in either period were superior to those of

patients without chemotherapy [Figure 1-A(b), p < 0.01;

Figure 1-B(b), p < 0.01]. In the left-sided patients, the prog-

noses of patients receiving chemotherapy in either period

were superior to those of patients without chemotherapy

[Figure 1-A(c), p < 0.05; Figure 1-B(c), p < 0.01], In con-

trast, this tendency was not seen in the right-sided patients.

In patients without chemotherapy, there were no differences

between period A or B for either left-sided or right-sided tu-

mors (data not shown). In patients receiving chemotherapy

in either period, the prognoses were similar between the

left- and the right-sided groups, especially in males [Figure

2-A(e-f), B(e-f), n.s.]. Additionally, superiority of chemo-

therapy vs. no chemotherapy was seen in women with left-

sided tumors in both periods [Figure 2-A(g), p < 0.01; B(g),

p < 0.05], but not in those with right-sided tumors [Figure

2-A(h), B(h), n.s.].

Univariate Cox regression analyses revealed that the fol-

lowing factors were significantly associated with prognoses

of patients from period A: liver metastasis, peritoneal dis-

semination, chemotherapy, and sex. These were limited to

M1ab, liver metastasis, peritoneal dissemination and chemo-

therapy but not sex in period B. Multivariate Cox regression

analyses for patients from period A identified liver metasta-
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Figure　1.　Overall survival of patients dichotomized according to tumor location (left-sided vs. right-sid-

ed; a), chemotherapy (+ vs. -; b), chemotherapy for left-sided cases (+ vs. -; c) and chemotherapy for right-

sided cases (+ vs. -; d).

sis, peritoneal dissemination and chemotherapy as independ-

ent factors, whereas in period B these factors were liver me-

tastasis and chemotherapy only (Table 3).
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Figure　2.　Overall survival of patients dichotomized according to tumor location in males receiving che-

motherapy (left-sided vs. right-sided; e), tumor location in females receiving chemotherapy (left-sided vs. 

right-sided; f), chemotherapy in women with left-sided colon cancer (+ vs. -; g), and chemotherapy in 

women with right-sided colon cancer (+ vs. -; h). A, period A; B, period B.
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Table　3.　Univariate and Multivariate Analyses of Clinicopathological Parameters in Relation to Overall Survival.

period A period B

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95%CI) p HR (95% CI) p HR (95%CI) p HR (95% CI) p

M1ab

1a vs 1b

1.58 (0.97-2.56) 0.064 3.77 (1.97-7.22) 0.000

Liver metastasis

H0-2 vs H3

1.93 (1.15-3.26) 0.013 1.86 (1.05-3.28) 0.034 2.88 (1.51-5.50) 0.001 4.53 (2.22-9.23) 0.000

Peritoneal dissemination

P0-1 vs P2-3

2.29 (1.29-4.04) 0.005 2.31 (1.26-4.24) 0.007 2.14 (1.02-4.46) 0.043

Chemotherapy

no vs yes

0.41 (0.24-0.70) 0.001 0.47 (0.27-0.81) 0.007 0.37 (0.20-0.68) 0.001 0.25 (0.13-0.49) 0.000

Curability

B vs C

1.76 (0.76-4.08) 0.187 1.48 (0.73-2.97) 0.274

Tumor location

lt vs rt

1.22 (0.77-1.91) 0.396 1.44 (0.81-2.57) 0.214

Age

<75 vs ≥75

1.28 (0.76-2.15) 0.362 1.57 (0.86-2.86) 0.141

Sex

female vs male

1.61 (1.01-2.57) 0.047 0.56 (0.31-1.04) 0.065

CI: confidence interval; HR: Hazard ratio

Discussion

A relationship between primary tumor location and prog-

nosis has been suggested in colorectal cancer1). Schrag et al.

reported that patients with right-sided stage III and IV col-

orectal cancer have poorer survival than those with left-

sided2). Further, Arnold et al. reported that prognosis and

chemosensitivity was worse for patients with right-sided

RAS wild-type metastatic colorectal cancer3).

According to the latest ESMO guidelines, anti-EGFR an-

tibody treatment is recommended for left-sided, unresectable

advanced recurrent colorectal cancer5,9). However, the under-

lying pathophysiology regarding the significance of primary

tumor location in the treatment of colorectal cancer is not

clear. It remains necessary to build an evidence base to re-

veal the relationship between primary tumor sites and prog-

nostic values for clinical outcome. Here we investigated

prognostic factors by focusing on tumor site and patient sex

over two treatment periods before and after strong multidrug

combination chemotherapy became available.

In the present study, we used propensity score matching

to minimize potential bias. We found that the left-sided

group did not experience better survival than the right-sided

group in either period [Figure 1-A(a), B(a), n.s.]. Although

the intensity of chemotherapy markedly differed between pe-

riod A and B, the prognoses of patients receiving chemo-

therapy vs. no chemotherapy was better for patients in either

period [Figure 1-A(b), p < 0.01; Figure 1-B(b), p < 0.01]. In

the left-sided patients, the prognoses of patients receiving

chemotherapy in either period was superior to those of pa-

tients without chemotherapy [Figure 1-A(c), p < 0.05; Fig-

ure 1-B(c), p < 0.01], but the same tendency was not found

in the right-sided patients. Similarly, an advantage of che-

motherapy was seen in women with left-sided tumors in

either of the two periods [Figure 2-A(g), p < 0.01; B(g), p <

0.05], but not in women with right-sided tumors from either

period [Figure 2-A(h), B(h), n.s.]. The difference in chemo-

sensitivity depending on tumor site seems to be more pro-

nounced in women than in men in all the analyses [Figure

2-A(e-f), B(e-f)].

Multivariate analysis identified three independent prognos-

tic factors (liver metastasis, peritoneal dissemination, and

chemotherapy) in patients from period A and just two of

these (liver metastasis and chemotherapy) from period B.

Thus, it can be concluded that the location of the primary

tumor is not an independent prognostic factor related to che-

motherapy and sex.

Salem et al. reported that estrogen receptor positivity is

predominant in the right-sided colon, and decreases with

age16). Reduced mismatch repair and the increased microsat-

ellite instability caused by this decrease leads to reduced

fluorouracil sensitivity and a reduction in anti-EGFR anti-

body sensitivity through mutant BRAF7,16,17). It is speculated

that in metastatic lesions from the right-sided colon,

fluorouracil-based chemotherapy plus anti-EGFR antibody is

affected by estrogen, whereas, lesions from the left colon

are probably not affected by female sex hormones.

The present study has some limitations, not only due to

its retrospective nature and single-center data but also the

small number of patients, thereby not allowing a comparison
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before and after menopause and not being able to consider

K-RAS status.

In conclusion, primary tumor location does not seem to

be an independent prognostic factor in patients with stage

IV colon cancer, but does seem to be a modifier of che-

motherapeutic efficacy.

Conflicts of Interest

There are no conflicts of interest.

References
1. Petrelli F, Tomasello G, Borgonovo K, et al. Prognostic survival

associated with left-sided vs right-sided colon cancer: a systematic

review and meta-analysis. JAMA Oncol. 2017 Feb; 3(2): 211-9.

2. Schrag D, Weng S, Brooks G, et al. The relationship between pri-

mary tumor sidedness and prognosis in colorectal cancer. J Clin

Oncol. 2016 May; 2016: 3505.

3. Arnold D, Lueza B, Douillard JY, et al. Prognostic and predictive

value of primary tumour side in patients with RAS wild-type me-

tastatic colorectal cancer treated with chemotherapy and EGFR di-

rected antibodies in six randomized trials. Ann Oncol. 2017 Aug;

28(8): 1713-29.

4. Moretto R, Cremolini C, Rossini D, et al. Location of primary tu-

mor and benefit from anti-epidermal growth factor receptor mono-

clonal antibodies in patients with RAS and BRAF wild-type me-

tastatic colorectal cancer. Oncologist. 2016 Aug; 21(8): 988-94.

5. Cao DD, Xu HL, Xu XM, et al. The impact of primary tumor lo-

cation on efficacy of cetuximab in metastatic colorectal cancer pa-

tients with different Kras status: a systematic review and meta-

analysis. Oncotarget. 2017 Jul; 8(32): 53631-41.

6. Melling N, Simon R, Izbicki JR, et al. Expression of phospho-

mTOR kinase is abundant in colorectal cancer and associated with

left-sided tumor localization. Int J Clin Exp Pathol. 2015 Jun; 8

(6): 7009-15.

7. Slattery ML, Potter JD, Curtin K, et al. Estrogens reduce and

withdrawal of estrogens increase risk of microsatellite instability-

positive colon cancer. Cancer Res. 2001 Jan; 61(1): 126-30.

8. Karahan B, Argon A, Yıldırım M, et al. Relationship between

MLH-1, MSH-2, PMS-2,MSH-6 expression and clinicopathologi-

cal features in colorectal cancer. Int J Clin Exp Pathol. 2015 Apr;

8(4): 4044-53.

9. Schmoll HJ, Van cutsem E, Stein A, et al. ESMO consensus

guidelines for management of patients with colon and rectal can-

cer. A personalized approach to clinical decision making. Ann On-

col. 2012 Oct; 23(10): 2479-516.

10. Mulder TP, Verspaget HW, Sier CF, et al. Glutathione S-

transferase pi in colorectal tumors is predictive for overall sur-

vival. Cancer Res. 1995 Jun; 55(12): 2696-702.

11. Hendifar A, Yang D, Lenz F, et al. Gender disparities in metastatic

colorectal cancer survival. Clin Cancer Res. 2009 Oct; 15(20):

6391-7.

12. Barzi A, Lenz AM, Labonte MJ, et al. Molecular pathways: Estro-

gen pathway in colorectal cancer. Clin Cancer Res. 2013 Nov; 19

(21): 5842-8.

13. Tsai YJ, Huang SC, Lin HH, et al. Differences in gene mutations

according to gender among patients with colorectal cancer. World

J Surg Oncol. 2018 Jul; 16(1): 128.

14. Japanese Society for cancer of the colon & rectum. General rules

for clinical and pathological studies on cancer of the colon, rec-

tum, and anus. 6th ed. Tokyo: Kanehara Shuppan,1998.

15. Japanese Society for cancer of the colon & rectum. General rules

for clinical and pathological studies on the cancer of colon, rec-

tum, and anus. 7th ed. Tokyo: Kanehara Shuppan, 2009.

16. Salem ME, Weinberg BA, Xiu J, et al. Comparative molecular

analyses of left-sided colon, right-sided colon, and rectal cancers.

Oncotarget. 2017; 21: 86356-68.

17. Ribic CM, Sargent DJ, Moore MJ, et al. Tumor microsatellite-

instability status as a predictor of benefit from fluorouracil-based

adjuvant chemotherapy for colon cancer. N Engl J Med. 2003 Jul;

349(3): 247-57.

Journal of the Anus, Rectum and Colon is an Open Access journal distributed

under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 In-

ternational License. To view the details of this license, please visit (https://creativ

ecommons.org/licenses/by-nc-nd/4.0/).


