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ABSTRACT

Background. Previous studies comparing the oncologic

outcomes of primary tumor-sidedness for patients with

colon cancer have reported a worse prognosis for those

with right-sided tumors. However, most of these studies

evaluated patients with metastatic disease.

Methods. PubMed, EMBASE, and the Cochrane Library

were searched for studies that assessed the effects of pri-

mary tumor-sidedness on survival outcomes for patients

with stages 1, 2, and 3 colon cancer. The hazard ratio (HR)

for primary tumor location was estimated for overall sur-

vival (OS), cancer-specific survival (CSS) and disease-free

survival (DFS).

Results. The inclusion criteria were met by 37 studies

involving 581,542 patients. The patients with a right-sided

tumor had better CSS (HR, 0.67; 95% confidence interval

[CI], 0.56–0.80; p\ 0.0001) among those with stage 1

cancer as well as better OS (HR, 0.89; 95% CI 0.86–0.92;

I2 = 19%) and CSS (HR, 0.78; 95% CI 0.70–0.86;

I2 = 78%) among those with stage 2 cancer. In contrast,

among the patients with stage 3 cancer, those with a right-

sided tumor had worse OS (HR, 1.12; 95% CI 1.04–1.20;

p = 0.002), CSS (HR, 1.05; 95% CI 1.01–1.10; p = 0.02),

and DFS (HR, 1.32; 95% CI 1.07–1.63; p = 0.008).

Conclusions. Primary tumor location may be a prognostic

factor for patients with non-metastatic colon cancer. The

prognosis for patients with right-sided tumor may be better

for those with stage 1 or 2 cancer, but worse for those with

stage 3 cancer.

Recent studies have identified many prognostic factors

for patients with colorectal cancer (CRC). Since the report

of Venook et al.1 at an American Society of Clinical

Oncology meeting, researchers have increasingly focused

on primary tumor location. Differences in clinical presen-

tation, patient demographics, and tumor biology between

right- and left-sided colon cancers may result in oncologic

distinction.2–5

Many studies, including meta-analyses of colon cancer

patients, have reported a worse prognosis for those with

right-sided tumors. However, the influence of tumor side

on prognosis has not been validated, and most recent

studies assessing the prognostic relevance of tumor sided-

ness evaluated patients with metastatic colon cancer.

Therefore, because of our interest in understanding the

oncologic impact of tumor location in non-metastatic colon

cancer, we performed a meta-analysis of patients with

stages 1, 2, and 3 colon cancer to evaluate the prognostic

role of primary tumor-sidedness.

MATERIALS AND METHODS

This meta-analysis followed the recommendations of the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) statement.6 Multiple compre-

hensive databases were searched for studies that assessed

the effects of primary tumor-sidedness on oncologic out-

come for patients with stages 1, 2, and 3 colon cancer. The

study protocol used Cochrane Review Methods.7

Data Source and Literature Source

Studies were identified from PubMed (1 January 1976 to

1 October 2017), EMBASE (1 January 1985 to 1 October

2017), and the Cochrane Central Register of Controlled

Trials (CENTRAL) (1 January 1987 to 1 October 2017).

There were no restrictions on year of publication, and
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articles in all languages were sought. The search terms

were ‘‘colon cancer,’’ ‘‘tumor sidedness,’’ ‘‘tumor loca-

tion,’’ ‘‘prognosis,’’ and ‘‘survival.’’ After the initial

electronic search, articles were manually searched to

identify additional studies. All articles were assessed

individually before inclusion in the study.

Study Selection and Data Extraction

Article titles and abstracts were screened, and full texts

were reviewed independently by two reviewers (G.W.H.

and M.R.L.) based on the selection criteria. Discrepancies

were resolved by discussion between the reviewers.

The included studies assessed survival outcomes includ-

ing overall survival (OS), cancer-specific survival (CSS),

and disease-free survival (DFS) of patients with colon cancer

according to the primary tumor location. Primary tumors

originating in the cecum, ascending colon, hepatic flexure, or

transverse colon were classified as right-sided cancers, and

primary tumors originating in the splenic flexure, descending

colon, sigmoid colon, or rectosigmoid colon were classified

as left-sided cancers. Studies were excluded if they examined

patients with stage 4 colon cancer, examined patients with

rectal cancer, assessed patients whose tumor pathology was

not adenocarcinoma, had no extractable data or authors who

were unavailable to provide additional information (e.g.,

only an abstract was available), were case series with fewer

than 10 patients.

All eligible studies were reviewed, and all relevant data

were extracted independently by the two reviewers using a

predefined data extraction form. The variables recorded

were basic publication information including name of the

first author, year of publication, and number of patients;

demographic and clinical characteristics of all the patients;

and outcome measures (OS, CSS, and DFS).

Assessment of Methodologic Quality

The methodologic quality of the included studies was

assessed using the Newcastle–Ottawa quality scale (NOS),

which allocates a maximum of nine points to each study and

classifies a study with a score of six or higher as ‘‘high qual-

ity.’’8 The quality of the included studies was determined by

examining three factors: patient selection, comparability of

the study groups, and assessment of outcomes.

Statistical Analysis

The meta-analysis determined the hazard ratio (HR), vari-

ance, and 95% confidence interval (CI). The presence and

extent of heterogeneity were assessed using theQ test and the I2

index, respectively, and a p value lower than 0.1 was consid-

ered statistically significant9 The DerSimonian–Laird random

effects model (REM) was used to pool data in anticipation of

cross-study heterogeneity10 If sufficient data were available,

planned subgroup analyses were performed. For these analy-

ses, the long-term oncologic outcomes of tumor sidedness

were separately determined for patients with stages 1, 2, and 3

colon cancer. Sensitivity analyses also were performed to

assess the robustness of the meta-analysis findings11,12 Anal-

ysis of the data was performed using the trim-and-fill method

and an alternative statistical effects model.

An analysis excluding studies with large outlying effects

was performed. Analyses of high-quality studies (NOS

C 6) and large database studies were performed. Publica-

tion bias was assessed using the Egger weighted linear

regression test and visual inspection of funnel plots of the

outcomes13,14 All data analyses were performed using

Review Manager software (version 5.3; London, UK) from

the Cochrane Collaboration and Comprehensive Meta-

Analysis software (version 3; Englewood, NJ, USA).

RESULTS

Description of Studies

The predefined search strategy and manual searching

identified 25,470 potentially relevant articles. We excluded

25470 of records
potentially
relevant identified

19519 of records after
duplicates removed

19519 of records 
screened

19461 of records 
excluded

21 of full-text
articles excluded,
with reasons

58 of full-text
articles assessed
for eligibility

37 of studies
included in
quantitative
synthesis
(meta-analysis)

FIG. 1 Preferred reporting items for systematic reviews and meta-

analyses (PRISMA) flow diagram
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5951 articles because they were duplicates and 19,461

articles because their titles and abstracts did not fulfill the

selection criteria. After a full-text review of the remaining

58 articles, we excluded 21 articles because of the exclu-

sion criteria they used. Therefore, the meta-analysis

included 36 nonrandomized studies and 1 randomized

study that examined 581,542 patients (Fig. 1). The studies

assessing survival outcomes included 28 studies evaluating

OS,15 9 studies evaluating CSS,15,16,21,37,43 and 17 studies

evaluating DFS.17,24,28,37,42,46,48 In 18 studies, patients with

stages 1, 2, and 3 colon cancer were exam-

ined,15,21,22,29,35,36,39,44,45,49 and 6 studies provided a

separate analysis of patients with stages 1, 2, and 3 colon

cancer.15,16,18,21,35,40 Six studies examined patients with

stage 2 or 3 colon cancer,19,23,26,37,38,42 and two studies

separately analyzed patients with stage 2 or 3 colon can-

cer.19,38 Five studies examined patients with stage 2 colon

cancer only,27,43,46,48,50 and seven studies examined

patients with stage 3 colon cancer only.20,25,28,33,34,47,51

Evaluation of methodologic quality showed that 35 studies

scored high (C 6) on the NOS. Table 1 summarizes the

characteristics of all 37 included studies.

Outcome Measures

Analysis of the effects that tumor-sidedness has on

oncologic outcomes for patients with stages 1, 2, and 3

colon cancer indicated that 27 studies (547,513 patients)

reported data on OS. The patients with tumors on the left

colon had worse survival than those with tumors on the

right colon (HR, 1.07; 95% CI, 1.03–1.11; I2 = 75%)

(Fig. 2a). Nine studies (139,793 patients) reported data on

CSS. Right- and left-sided tumors did not differ signifi-

cantly (HR, 0.98; 95% CI, 0.87–1.10; I2 = 93%) (Fig. 2b).

In 17 studies (21,021 patients), data on DFS were reported.

Right- and left-sided tumors showed no significant differ-

ences in survival (HR, 1.14; 95% CI, 1.00–1.32; I2 = 60%)

(Fig. 2c). Sensitivity analyses, performed using predefined

methods, indicated that the results of these meta-analyses

were robust.

Subgroup Analysis

The oncologic impacts of tumor-sidedness were deter-

mined for three subgroups according to the colon cancer

staging. The analysis of the patients with stage 1 colon

cancer (Fig. 3a) indicated that tumor-sidedness had no

significant effect on OS (HR, 0.94; 95% CI, 0.89 to - 1.01;

I2 = 50%). The analysis of CSS indicated that the patients

with tumors on the right colon had better outcomes (HR,

0.67; 95% CI 0.56–0.80; I2 = 29%).

The analysis of the patients with stage 2 colon cancer

(Fig. 3b) showed that the patients with tumor on the rightT
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colon had better OS (HR, 0.89; 95% CI, 0.86–0.92;

I2 = 19%) and CSS (HR, 0.78; 95% CI, 0.70–0.86;

I2 = 78%). The analysis of DFS indicated no significant

difference between those with tumor on the right side and

those with tumors on the left side (HR, 0.95; 95% CI,

0.74–1.23; I2 = 0%). The analysis of patients with stage 3

colon cancer (Fig. 4) indicated that those with tumor on the

right colon had worse OS (HR, 1.12; 95% CI, 1.04–1.20;

I2 = 83%), worse CSS (HR, 1.05; 95% CI, 1.01–1.10;

I2 = 0%), and worse DFS (HR, 1.32; 95% CI, 1.08–1.63;

I2 = 71%).

Publication Bias

Publication bias was analyzed using the Egger weighted

linear regression test, which assesses the asymmetry of

funnel plots. The funnel plot for OS (p = 0.09) was found

to be asymmetric, indicating the presence of publication

bias. The funnel plot for DFS (p = 0.25) indicated no

publication bias.

DISCUSSION

Since the reporting of Venook et al.1 at the American

Society of Clinical Oncology meeting in 20161 many

studies have reported that colon cancer patients with right-

sided tumor had worse survival outcomes than those with

left-sided tumor. However, most of these studies, including

several meta-analyses, evaluated patients with stage 4

disease. Our findings for the patients with stages 1, 2, and 3

colon cancer differ from the results of previous meta-

analyses of patients with metastatic colon cancer, which

reported worse oncologic outcomes for those with right-

sided tumor.52–54 To our knowledge, the current study is

the first meta-analysis to assess the oncologic impact of

tumor-sidedness on patients with stages 1, 2, and 3 colon

cancer.

Although our primary analysis of patients indicated that

those with tumors on the right colon had worse OS, we

found no associations of tumor sidedness with CSS or DFS.

In the subgroup analyses, we found oncologic differences

between early (stages 1 and 2) and advanced (stage 3)

colon cancers. Compared with patients who had tumors on

the left colon, those with stage 1 or 2 tumor on the right

colon had better CSS, and those with stage 2 tumor on the

right colon had better OS. Although the analysis of the

patients with stage 1 disease indicated no significant

association of tumor-sidedness with OS, a trend for better

survival among those with right-sided tumor was observed.

On the other hand, the analysis of the patients with stage

3 colon cancer showed results similar to previous findings

for patients with stage 4 cancer. We found that patients

with stage 3 colon cancer had worse survival outcomes

when the tumor was on the right colon rather than the left

colon.

These results may be explained by the presence of

clinical and molecular differences in the characteristics of

colon cancer on the right and left sides. The right-sided

colon derives from the embryonic midgut, whereas the left-

sided colon derives from the embryonic hindgut. In addi-

tion, tumors on the right side more frequently have BRAF

mutations, microsatellite instability (MSI), hypermutation,

activity of the serrated pathway, and mucinous histology.

Tumors on the left side more frequently have a gene

expression profile indicating activation of the EGFR

receptor pathway and classical chromosomal instability.2

It is unclear whether the biologic differences between

left- and right-sided tumors were responsible for the clin-

ical differences in survival outcomes. The reasons for the

inconsistent relationships between tumor-sidedness and

survival by stage in our study also are not clear. Several

studies have reported that trends for better survival out-

comes of patients with stage 1 or 2 disease are related to

tumor biology, especially MSI.16,35,44 These findings are

consistent with the observation that the MSI-positive tumor

predominantly seen in right-sided colon5 have a better

overall prognosis and a more favorable stage profile.55–57

Previous studies of colon cancer patients have reported

that 20% to 25% of stage 2 right-sided cancers are MSI-

positive, but that fewer than 15% of stage 3 cancers on the

right colon are MSI-positive, and even fewer stage 4 can-

cers on the right colon are MSI-positive.57,58 Part of the

reason for the poorer survival of patients with tumors on

the right side is that many of these patients have stage 3 or

4 colon cancer. Patients with advanced cancers (e.g., stage

3) are more likely to relapse than those with early-stage

cancers (stage 1 or 2). Once recurrent or metastatic colon

cancer is established, recurrence arising from right-sided

tumors may have a more aggressive phenotype or greater

resistance to current therapeutic agents than recurrence

arising from left-sided tumors.59–61

Another possible explanation for the survival differ-

ences we have identified in this report is that patients with

fewer comorbidities and less frailty may be more likely to

receive colonoscopy. Although colonoscopy is the gold

standard for investigation of the colon, sigmoidoscopy is

more common, and a complete colonoscopy is sometimes

not possible. Examination of the entire colon may be

technically difficult and might be prevented due to the poor

general condition of the patient. In addition, patients with

right-sided cancer are less likely to receive colonoscopy

because they are more likely to lack specific symptoms.

Therefore, healthier patients may receive colonoscopy in

regular health checkups, and colonoscopy is more likely to
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FIG. 2 Meta-analysis of oncologic effects of tumor-sidedness on patients with stages 1–3 colon cancer. a Overall survival. b Cancer-specific

survival. c Disease-free survival
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FIG. 3 Meta-analysis of oncologic effects of tumor-sidedness on patients with stage 1 or 2 colon cancer. a Stage 1. b Stage 2
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find early-stage cancers on the right colon. This may partly

explain why these patients have better survival outcomes

than those with the same stage of cancer on the left colon.

Our study had several limitations. First, MSI tumor

status was not available, and this prevented direct testing of

the hypothesis that MSI status affects the survival of

patients with stage 1 or 2 colon cancers on the right colon.

Second, the included studies may have had imbalances in

certain baseline characteristics of patients with tumors on

the left and right sides because they were nonrandomized

studies. Third, some heterogeneity may have remained

among the included studies despite our performance of

subgroup and sensitivity analyses.

CONCLUSIONS

Among the patients with stage 1 or 2 colon cancer, those

with right-sided tumor appeared to have better survival

outcomes. In contrast, the patients with left-sided tumor

appeared to show better survival outcomes for stage 3

colon cancer. Further studies of the molecular biology,

such as MSI status, are needed to identify the biologic

reasons for the difference in oncologic outcomes between

patients with right- and left-sided colon cancers.
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