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Abstract
BACKGROUND
The differences in histopathology and molecular biology between right colon cancer (RCC) and left colon cancer (LCC) were first reported in the literature by Bufill in 1990. Since then, a large number of studies have confirmed their differences in epidemiology, clinical presentation, comorbidities and biological behaviours, which may be related to the difference in prognosis and overall survival (OS) between the two groups.

AIM
To investigate statistically significant differences between Greek patients with LCC and RCC.

METHODS
The present observational study included 144 patients diagnosed with colon cancer of any stage who received chemotherapy in a Greek tertiary oncology hospital during a 2.5-year period. Clinical information, comorbidities, histopathologic characteristics and molecular biomarkers were collected from the patients’ medical records retrospectively, while administered chemotherapy regimens, targeted agents, progression-free survival (PFS) periods with first- and second-line chemotherapy and OS were recorded retroactively and prospectively. Data analysis was performed with the SPSS statistical package.

RESULTS
Eighty-six males and 58 females participated in the study. One hundred (69.4%) patients had a primary lesion in the left colon, and 44 (30.6%) patients had a primary lesion in the right colon. Patients with RCC were more likely to display anaemia than patients with LCC [odds ratio (OR) = 3.09], while LCC patients were more likely to develop rectal bleeding (OR = 3.37) and a feeling of incomplete evacuation (OR = 2.78) than RCC patients. Considering comorbidities, RCC patients were more likely to suffer from diabetes (OR = 3.31) and coronary artery disease (P = 0.056) than LCC patients. The mucinous differentiation rate was higher in the right-sided group than in the left-sided group (OR = 4.49), as was the number of infiltrated lymph nodes (P = 0.039), while the percentage of high-grade differentiation was higher in the group of patients with left-sided colon cancer than in RCC patients (OR = 2.78). RAS wild-type patients who received anti-epidermal growth factor receptor (EGFR): treatment experienced greater benefit (PFS: 16.5 mo) than those who received anti-vascular endothelial growth factor treatment (PFS: 13.7 mo) (P = 0.05), while among RAS wild-type patients who received anti-EGFR treatment, LCC patients experienced greater benefit (PFS: 15.8 mo) than the RCC subgroup (PFS: 5.5 mo) in the first-line chemotherapy setting (P = 0.034). BRAF-mutant patients had shorter PFS (9.3 mo) than BRAF wild-type patients (14.5 mo) (P = 0.033). RCC patients showed a shorter tumour recurrence period (7.7 mo) than those with LCC (14.5 mo) (P < 0.001), as well as shorter (OS) (58.4 mo for RCC patients; 82.4 mo for LCC patients) (P = 0.018).

CONCLUSION
RCC patients present more comorbidities, worse histological and molecular characteristics and a consequently higher probability of tumour recurrence, poor response to targeted therapy and shorter OS than LCC patients.
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Core tip: Primary tumour location in colon cancer plays a significant role in disease behaviour. Left colon cancer and right colon cancer present different pathogenic mechanisms, probably related to the differences in histology and molecular pathways between them. The higher tumour recurrence rate, poor response to targeted therapy and shorter overall survival of right compared to left colon cancer patients reflects the heterogeneity between the two diseases and dictates different therapeutic approaches.


INTRODUCTION
According to the World Health Organization, 13% of all deaths are due to neoplastic diseases. It is estimated that by 2025, there will be an increase in incidence of cancer, with 19.3 million new cases per year[1]. Colorectal cancer is one of the major causes of morbidity and mortality in North America, Europe and in regions with similar lifestyle and dietary habits. Globally, it is estimated that colon cancer is the third most common malignancy in men (12.8%), after lung and prostate cancer, and the second most common in women (13.1%), after breast cancer, with a mortality rate equal to the incidence rate[2]. Despite progress in prevention and treatment, there are alarming data indicating that the rate of new cases in patients under the age of 50 is increasing and that the incidences of colon cancer and rectal cancer will increase by 90% and 124.2%, respectively, at ages from 20 to 34 years by 2030[3]. The incidence of right colon cancer (RCC) is also different from that of left colon cancer (LCC), with the latter presenting a higher rate (51% vs 42% in the United States)[4]. However, over the last five decades, there has been an increase in the incidence of RCC, which is probably due to genetic and environmental factors as well as to better diagnostic methods[5].
Bufill[6] first mentioned the epidemiological, histopathological, biological and molecular differences between the right and left colon in 1990. According to his study, developmental and biological differences between the proximal and distal colon may reflect different susceptibilities to neoplastic transformation, and these differences may explain the different pathogenetic mechanisms between the diseases[6].
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]During embryogenesis, the right colon (the caecum and the ascending and proximal two-thirds of the transverse colon) is derived from the midgut, while the left colon (the distal one-third of the transverse colon, the descending and sigmoid colon, and the rectum) is derived from the hindgut[7]. The arterial supply of these two segments is different; as the right colon is supplied by the superior mesenteric artery, while the left colon is supplied by the inferior mesenteric artery, and the microbial populations and exposure to various toxic substances and bile acids are also different between them[8,9]. Additionally, right colon tumours tend to be more frequent in females than in males and at older ages than at younger ages and tend to present at more advanced stages than left colon tumours; in addition, right colon tumours tend to be large exophytic tumours with poor differentiation, a mucinous histology and associated infiltrated lymph nodes. They usually metastasize in the peritoneal cavity, and their main symptom is anaemia. In contrast, left colon tumours appear mainly in males and at younger ages and occupy a larger diameter of the colon lumen than right colon tumours, resulting in the occurrence of obstructive incidents and changes in bowel habits, while the most common metastasis sites are the liver and lungs[7,10]. Molecular carcinogenesis pathways also appear to be different among them, with left colon tumours mainly originating from the chromosomal instability pathway, while microsatellite instability (MSI) is mostly detected in right colon tumours[10]. In addition, differences are also observed in the colorectal carcinogenesis-associated RAS-RAF-MAPK signalling pathway between the two segments of the colon, with right colon tumours exhibiting higher rates of mutant KRAS and BRAF genes than left colon tumours[11-13]. The effect of targeted regimens is also of interest, as different rates of overall survival are observed depending on the RAS mutation status and the administered antibody, as well as in relation to the location of the primary tumour[14].
All the above findings are likely to explain the different rates of overall survival (OS) between the two subgroups, as RCC patients experience shorter OS than LCC patients[15]. The purpose of this study is to investigate statistically significant differences among Greek patients with RCC and LCC based on epidemiological, clinical, histological and molecular characteristics as well as differences between them in terms of disease progression time periods in the first- and second-line treatment setting and OS, taking into account the administered targeted treatment.

MATERIALS AND METHODS
Study population and data collection
The current study includes a combination of retrospective and prospective observations of patients with colon cancer, regardless of stage. During a 2.5-year period we addressed an invitation to participate in our study to all colon cancer patients who received chemotherapy regimens in a Greek Oncology Centre. Of those patients, all patients who fulfilled the inclusion criteria were included in the study. Inclusion criteria were the presence of histologically confirmed colon cancer, the patient's signed informed consent and the presence of updated medical records.
After approval by the Institutional Review Board of the Hospital, epidemiological data, clinical presentation and concomitant illnesses at the onset of the disease, as well as the patients’ performance status (PS), stage of the disease, primary tumour location (PTL), surgical operations and metastatic tumour locations, were collected from each patient's medical record. Patients' histological reports were analysed with respect to major histological features (histological type, differentiation, number of removed and infiltrated lymph nodes, necroses, vascular and lymphatic emboli and perineural infiltration). The molecular biomarkers included in the study were the KRAS, NRAS (exons 2, 3 and 4) and BRAF (V600E mutation) genes, as well as genes responsible for microsatellite instability (MLH1, MSH2, MSH6 and PMS2).
A PTL of the right segment of the colon was defined as the presence of a tumour in the appendix, caecum, or ascending or transverse colon, while the left-sided group included tumours in the descending or sigmoid colon and rectum, as in most published studies. The time periods and chemotherapy regimens used from the time of histological diagnosis to the date of death or the end of follow-up were both retrospectively and prospectively recorded.

Statistical analysis
χ2 statistics were employed to investigate the distributional properties of categorical variables (sex, symptoms, comorbidities, histology, and genes) in terms of left or right colon location (left or right). To determine statistical significance, the magnitude of association between the tumour location and the variable of interest was presented by an odds ratio (OR) and the 95% confidence interval (CI). An independent samples t-test was employed to investigate the distributional properties of continuous variables with respect to tumour location (left or right). The time to event analysis was disease-specific and was carried out in different subgroups based on the clinical staging at diagnosis: (1) Time to recurrence (for patients with initial stage I, II and III disease) was defined as the time from diagnosis to progression to stage IV. If progression to stage IV was not observed, the data were censored at the last date of patient follow-up. (2) Time to first progression (PFS 1, for all patients with final stage IV disease) was defined as the time from first-line chemotherapy administration to progression. No censoring was applied since all patients included in the analysis progressed. (3) Time to second progression (PFS 2, for all patients with final stage IV disease after first-line chemotherapy) was defined as the time from second-line chemotherapy until progression occurred. No censoring was applied since all patients included in the analysis progressed. And (4) time to disease-specific survival (for all patients with final stage IV disease after second-line chemotherapy) was defined as the time from diagnosis to death. If death was not observed, the data on OS were censored at the last date the patient was known to be alive.
The time to event distribution curves between variables of interest were tested by log-rank statistics and were graphically illustrated by Kaplan-Meier curves. Cox proportional analysis was employed to test the independent prognostic factors in the time to event analysis. All tests were 2-sided, and the level of statistical significance was set to α = 0.05. For the purpose of the multivariate analysis no missing values were imputed.The statistical review of the study was performed by a biomedical statistician.

RESULTS
Epidemiological data
A total of 144 patients were included in the study, of which 139 were of Greek origin (96.5%). One hundred patients had a left colon PTL (69.4%), and 44 patients had a right colon PTL (30.6%) (Figure 1); 86 patients were male (59.7%), and 56 patients were female (40.3%), with an average age of 65.4 years at the date of diagnosis (left colon: 65.4 years; right colon: 65.5 years) (Table 1). Male sex was more frequent in LCC patients (n = 64.64%) than female sex (n = 36.36%), while the percentages of men (n = 22.50%) and women (n = 22.50%) were equal in RCC patients. The average body mass index (BMI) was 28.3, without differences between the right (29) and left (28) colon groups (P = 0.525) (Table 1).

Clinical presentation
Changes in bowel habits (diarrhoea/constipation: 39.2%), rectal bleeding (38.5%), abdominal pain (28%), a feeling of incomplete evacuation (21.7%), weight loss (18.9%), weakness (18.9%) and anaemia (18.9%) were the most commonly observed symptoms in all patients. No symptoms were reported by 11.2% of patients. In RCC patients, anaemia was recorded as the predominant symptom and was seen at a higher rate in RCC patients (31.8%) than in LCC patients (13.1%) (P = 0.008, ΟR = 3.09, 95%CI: 1.30-7.30); in contrast, rectal bleeding was the most frequent symptom in patients with LCC (46.5%) and was seen in 20.5% of patients with RCC (P = 0.003, ΟR = 3.37, 95%CI: 1.47-7.69). A feeling of incomplete evacuation was more frequent in LCC patients (26.3%) than in RCC patients (11.45%) (P = 0.05, ΟR = 2.78, 95%CI: 1-7.69) (Table 2).
Only 13.4% of the patients were diagnosed by means of a preventive screening, while the proportion of patients in the LCC group who underwent medical evaluation due to lower gastrointestinal symptoms was greater (32.6%) than that in the RCC group (17.2%) (P = 0.052, marginal significance). The majority of the patients (78.9%) were fully active without restrictions (PS: 0), without significant differences between RCC and LCC patients.

Comorbidities
Concomitant illnesses were recorded from the patients' medical records. Hypertension (41.7%), diabetes mellitus (16%), dyslipidaemia (14.6%) and coronary heart disease (12.5%) were the most commonly reported comorbidities. Statistically significant differences were identified regarding coronary heart disease, as RCC patients manifested a higher rate (20.5%) of coronary heart disease than LCC patients (9%) (P = 0.056, marginal significance), as well as diabetes mellitus, since RCC patients suffered a higher rate (13.6%) than LCC (8.2%) (P = 0.016) (Table 2).

Staging
At the time of diagnosis, 19.4% (n = 28) of the patients were classified as having stage I or II disease, 27.1% (n = 39) of patients had stage III disease, and 53.5% (n = 77) of patients had stage IV disease (Table 3). The stage of the tumour in the majority of patients was Т3 (68.3%), followed by T4 (20.6%) and Τ1-Τ2 (11.1%) tumours (Table 3), and there were no differences between the two subgroups. The average number of removed lymph nodes was 15.7, with right colon tumour patients having a higher average number of removed lymph nodes (18.2) than left colon tumour patients (14.4) (P = 0.054, marginal significance). The percentage of infiltrated lymph nodes was higher in the Ν1 group of RCC patients (52.3%) than in LCC patients (32%), who, in turn, showed a higher percentage of non-infiltrated lymph nodes (N0: 28%) than RCC patients (N0: 20.5%) (P = 0.039) (Table 3). 
The liver was the most common location of metastasis for both colon segments (67%), followed by the lungs (31.3%) and peritoneum (11.6%). A histological diagnosis was obtained from the primary tumour biopsy in 47.2% of the patients and from surgical specimens of the primary tumour in 49.3% of patients, while the remaining 3.5% of patients were diagnosed from a biopsy of a metastatic lesion. The majority of patients underwent surgical resection of the primary tumour (79.9%), with the remaining 20.1% of patients receiving only palliative chemotherapy.

Histology
The predominant histological type was adenocarcinoma (91.7%, n = 132), followed by mucinous carcinoma (7.6%, n = 11). RCC patients demonstrated a higher rate of mucinous histology (15.9%) than LCC patients (4%) (P = 0.046, OR = 4.49, 95%CI: 1.24-16.25). In terms of histological differentiation, left colon tumours showed a higher rate (79.1%) of moderate/high differentiation than right colon tumours (53.7%) (P = 0.005, OR = 2.78, 95%CI: 1.26-6.13) (Table 4). No differences were observed between the two subgroups regarding necrosis, emboli and perineural infiltration (Table 4).

Molecular biology
Four gene groups were analysed in the majority of the histological specimens regardless of stage (KRAS: n = 134, NRAS: n = 113, BRAF: n = 92, and MSI-related genes: n = 85) (Table 5). The majority of patients had the wild-type KRAS gene (57.5%) compared to the mutant gene (42.5%), as was also observed with NRAS (wild-type: 96.5%; mutant: 3.5%) and BRAF (wild-type: 90.2%; mutant: 9.8%) genes. The vast majority of patients presented microsatellite-stable tumours (MSS) (94.1%), and a low rate of MSI was observed (5.9%).
A statistically significant difference regarding the KRAS gene was found between right and left colon tumours, as more LCC patients (63.8%) than RCC patients (42.5%) were KRAS wild type (OR = 2.39, 95%CI = 5.01-1.12, P = 0.036). In turn, more RCC patients (57.5%) than LCC patients (36.2%) were KRAS mutant (Table 5).

Adjuvant and perioperative therapy
Patients with stage II or III disease received adjuvant chemotherapy after surgical removal of the primary tumour. Seventy-five percent of the patients received XELOX and 25% of patients received FOLFOX as adjuvant therapy (Table 6). Patients with rectal colon cancer received perioperative chemoradiotherapy, according to their stage. Patients with stage ΙΙ disease received combined chemoradiotherapy (RT-capecitabine) before surgery, while patients with stage III disease received chemoradiotherapy (RT-capecitabine) before surgery and chemotherapy with the XELOX regimen after surgery (Table 6). Patients with stage I disease did not receive adjuvant therapy.

Disease recurrence
A total of 39 (58.2%) out of the 67 patients with disease initially staged as I, II or III exhibited disease relapse. One patient was diagnosed with lung cancer at the same time, and another patient died from other causes after the completion of adjuvant therapy and was not included in the analysis. The median time to relapse was 42.9 mo. The median follow-up time for relapse was 47.7 mo (2.6-114.6 mo).
A statistically marginal significance was found between the two major histological types, as patients with mucinous carcinoma relapsed earlier (17 mo) than patients with adenocarcinoma (44.5 mo) (P = 0.068). Investigating the time to relapse based on RAS status revealed that RAS-mutant patients exhibit a shorter recurrence time period (29.9 mo) than RAS-wild-type patients (53.7 mo) (P = 0.013) (Figure 2). The above result was also confirmed for the LCC group, since the time to relapse was shorter in RAS-mutant patients (35.6 mo) than in RAS-wild-type patients (53.7 mo) (P = 0.026) (Figure 3).
When examining the correlation between the BRAF gene and the presence of emboli in patients with stage Ι-ΙΙΙ disease, marginal statistical significance was observed, with BRAF-mutant patients demonstrating a higher rate of emboli than BRAF-wild-type patients (P = 0.053). The analysis of MSI and histology in patients with stage I-III disease showed that MSI-H tumours were found at a greater percentage in T4 than in T1-T3 tumours, and T1-T3 tumours in turn were more likely than T4 tumours to be MSS (P = 0.018). Low histological differentiation was more common in MSI-H tumours than in MSS tumours, which were more likely to have high/moderate histological differentiation (P = 0.028).
In multivariate analysis, independent predictive factors for recurrence in patients with stage I-III disease were RAS mutation status, as RAS-mutant patients had a higher risk of relapse than RAS wild-type patients [P = 0.002, hazard ratio (HR) = 3.731, 95%CI = 1635-8513], and the presence of (vascular and lymphatic) emboli (P = 0.025, HR = 3.221, 95%CI = 1161-8938) (Table 7). Including the BRAF gene in multivariate analysis, independent predictive factors for recurrence were RAS mutant status (P = 0.007, HR = 3.815, 95%CI = 1.434-10.152) and (marginally) the presence of emboli (P = 0.051, HR = 3.733, 95%CI = 1-13.985), despite the increase in the number of cases entered into the model.

First line chemotherapy
Patients with stage IV disease (n = 77) along with relapsed patients with stage Ι-ΙΙΙ disease (n = 39) received first-line chemotherapy. One patient with stage IV disease was diagnosed simultaneously with breast cancer and was not included in the study (total: 115 patients). Among chemotherapy regimens, 69.5% of patients received FOLFOX and 29.6% of patients received FOLFIRI, while one patient with a neuroendocrine neoplasm received cisplatin-etoposide (0.9%) (Table 8). Regarding the antibodies administered to patients with stage IV disease, 69.3% of patients received bevacizumab, and 30.7% of patients received panitumumab in combination with the above chemotherapy regimens, based on RAS mutation status (Table 9). The median time to disease progression was 12.3 (1.1-62.5) mo.
Among patients with initial stage Ι-ΙΙΙ disease, a significant difference was observed between LCC and RCC, as the time to progression in LCC patients was 14.5 mo compared to 7.7 mo in RCC patients (P < 0.001) (Figure 4). No differences were observed between final stage IV LCC (12.2 mo) and RCC patients (12.5 mo) (P = 0.165) (Table 9). 
Similarly, no difference in time to disease progression was found in patients with final stage IV disease based on RAS status (RAS wild type: 13.8 mo; RAS mutant: 11.5 mo), but in the subgroup of patients with initial stage IV disease, a statistically significant difference was revealed between RAS-wild-type (16.5 mo) and RAS-mutant patients (11.5 mo) (P = 0.018) (Figure 5). In patients with final stage IV disease, no differences were found between those who received bevacizumab (12 mo) and those who received panitumumab (14.5 mo) (P = 0.660) nor with regard to location of the primary tumour or the administered antibody (P = 0.177) (Table 9).
However, a significant difference was observed in the disease progression time period among RAS-wild-type patients with final stage IV disease who received panitumumab in terms of PTL, as RCC patients demonstrated a shorter PFS (5.5 mo) than LCC patients (15.8 mo) (P = 0.034) (Figure 6) (Table 9). Statistically significant differences in the time to disease progression were also found among patients with initial stage IV disease according to RAS mutation status and the administered antibody, as RAS-mutant patients who received bevacizumab experienced the earliest disease progression (11.5 mo), followed by RAS-wild-type patients who received bevacizumab (13.7 mo), while a longer time to disease progression was found in the group of RAS-wild-type patients who received panitumumab (16.5 mo) (P = 0.05).
BRAF analysis was performed in 65.2% of patients with final stage IV disease (n = 75 patients). Ninety-two percent (n = 69) exhibited wild-type and 8% (n = 6) exhibited mutant BRAF genes. BRAF-mutant patients demonstrated a shorter disease progression time (9.3 mo) than BRAF-wild-type patients (14.5 mo) (P = 0.033) (Figure 7), a result that remained significant after adjustment for PTL (P = 0.046). In multivariate analysis, the only independent factor for disease progression was BRAF mutation, with patients with BRAF mutation having a greater risk for disease progression during first-line chemotherapy (P = 0.040, HR = 2.454, 95%CI = 1.044-5.772) (Table 10).

Second-line chemotherapy
Ninety-eight patients with final stage IV disease received second-line chemotherapy. In total, 72.4% of patients received FOLFIRI, and 27.6% received FOLFOX (Table 11). Regarding the antibodies administered during second-line chemotherapy, 34.5% of patients received bevacizumab, 26.8% received panitumumab and 38.1% received aflibercept, depending on the RAS mutation status (Table 12). One patient with neuroendocrine carcinoma was not included in the study since he/she received FOLFIRI without a targeted agent. The median time to disease progression was 8.6 (0.7-30.4) mo.
No differences were found between RAS-wild-type (8.6 mo) and RAS-mutant patients (8.2 mo) (P = 0.334) or between BRAF-mutant (7.7 mo) and BRAF-wild-type patients (7.2 mo) (P = 0.571). Additionally, no differences were observed between LCC (8.2 mo) and RCC (8.6 mo) patients (P = 0.532), nor between patients administered different antibodies (bevacizumab: 9 mo, panitumumab: 9.7 mo, and aflibercept: 7.6 mo; P = 0.328), or between patients with different PTL (P = 0.193) (Table 12).

Survival
Eighty-eight out of 144 patients died (61.1%), while three patients were not included in colon cancer-related survival analysis. The median survival time was 53.8 mo. The median follow-up time for survival was 70.5 mo (1.4-185.2 mo). 
A significant difference was revealed between patients with initial stage Ι-ΙΙΙ disease (OS: 76.8 mo) and those with initial stage IV disease (OS: 44 mo) (P = 0.001). Regarding histological parameters, a survival-related statistically significant difference was found between patients with low differentiation (OS: 38 mo) and those with high/moderate differentiation (OS: 59.6 mo) (P = 0.002) and between patients with the presence (OS: 49.6 mo) and those with an absence (OS: 64.9 mo) of necroses (P = 0.075, marginal significance).
No differences in OS were observed between patients with final stage IV disease in terms of PTL (LCC: 54.7 mo; RCC: 52 mo) (P = 0.316), and no differences were observed between patients with initial stage IV disease in terms of PTL (LCC: 44 mo; RCC: 46.3) (P = 0.787). However, a significant difference in OS was found between LCC patients (82.4 mo) and RCC patients (58.4 mo) (P = 0.018) among patients with initial stage I-III disease (Figure 8).
No differences in OS related to patient genetic profile were found. More specifically, the OS of RAS-wild-type patients was 54.8 mo, while that of RAS-mutant patients was 49.4 mo (P = 0.287); the OS of BRAF-mutant patients was 76.8 mo, while that of BRAF-wild-type patients was 59.2 mo (P = 0.349). No differences were found between MSS and MSI-H patients (53.8 mo) (P = 0.648). Regarding administered antibodies, there were no differences in OS between patients treated with bevacizumab (49.4 mo) or panitumumab (54.6 mo) in the first-line chemotherapy setting (P = 0.780), nor between those receiving bevacizumab (54.8 mo), panitumumab (47.6 mo) and aflibercept (48.8 mo) in the second-line chemotherapy setting (P = 0.846). The same conclusion was made for all possible combinations of administered antibodies in first- and second-line therapy settings (P = 0.693) (Table 13).
In multivariate analysis, independent factors for survival were KRAS mutation status, as KRAS-mutant patients had worse prognosis than KRAS-wild-type patients (HR = 2.13, 95%CI = 1.162-4.605, P = 0.017), and the stage of disease at the time of diagnosis, with patients with initial stage IV disease demonstrating shorter OS than patients with other stages of disease at diagnosis (HR = 4.036, 95%CI = 1.922-8.475, P < 0.0001) (Table 14).

DISCUSSION
Early studies of the diversity between the two types of colon at the histological and molecular levels led several years later to the hypothesis that they are two different disease entities, the characteristics of which should be taken into account in the choice of individualized treatment[6,10,16]. The RCC rate has increased in recent decades, with older women being affected more than younger women; however, this was not confirmed in our study, even for the over 65 age group (P = 0.131)[5,14].
In contrast, in addition to the differences noted in the existing literature reports, differences were found at the histopathological level, with right colon tumours presenting a higher rate of mucinous histology (OR = 4.49) and a greater number of removed and infiltrated lymph nodes than left colon tumours, while left colon tumours had higher rates of high/moderate differentiation than right colon tumours (OR = 2.78)[8,13]. The impact of histological differences between the two subgroups manifested as a shorter time to relapse in stage I-III patients with mucinous differentiation (17 mo) than in those with adenocarcinoma (44.5 mo), while the presence of emboli was also identified as an independent factor for recurrence (HR: 3.221)[16,17].
The identified statistically significant differences in clinical presentation between RCC (anaemia ΟR = 3.09) and LCC patients (rectal bleeding ΟR = 3.37, feeling of incomplete evacuation ΟR = 2.78) imply a more obscure disease onset in RCC patients, which may contribute to delayed diagnosis and advanced stage at diagnosis in these patients[18]. In line with the above findings, the number of patients with LCC seeking medical care due to symptoms of the lower digestive system was twice as high as the number of RCC patients. Taking into account the flat morphology of serrated adenomas mainly found in the right colon, as well as the percentage of incomplete colonoscopies, the increased risk of diagnosis failure in the right colon becomes more apparent[9,14].
In the few studies related to comorbidities, RCC patients appeared to have higher rates of concomitant illnesses than LCC patients, which may be partially justified by the higher average age of the right subgroup[14,19]. The increased percentage of RCC patients suffering from coronary artery disease (P = 0.056) and diabetes mellitus (P = 0.016) in our study probably reflects a correlation between Western lifestyle, metabolic syndrome and colorectal cancer and needs further study[20,21].
Disease stage at the time of diagnosis was confirmed as an important factor for survival in both univariate (initial stage Ι-ΙΙΙ: 76.8 mo; initial stage IV: 44 mo, P = 0.001) and multivariate analyses, with patients with initial stage IV disease having a worse prognosis than patients with other initial stages of disease (HR = 4.036, P < 0.0001)[8].
Despite the fact that the prognostic value of RAS mutation status is disputed in the literature, in our study, it seemed to play an important role in disease recurrence in patients with initial stage Ι-ΙΙΙ disease (RAS mutant: 29.9 mo; RAS wild type: 53.7 mo, P = 0.013), in PFS in the first-line chemotherapy setting among patients with initial stage IV disease (RAS mutant: 11.5 mo; RAS wild type: 16.5 mo, P = 0.018), and in OS, with RAS-mutant patients demonstrating a worse prognosis than RAS-wild-type patients (HR = 2.13, P = 0.017)[10,22-24].
On the other hand, the prognostic value of the BRAF gene was confirmed, as among patients with final stage IV disease, those patients with BRAF mutations demonstrated a shorter PFS time period (9.3 mo) in the first-line chemotherapy setting than BRAF-wild-type patients (14.5 mo) (P = 0.033)[25].
The percentage of MSI-H tumours (5.9%) was lower than that reported in the literature, without differences between LCC (5.6%) and RCC (6.5%) (P = 1.000), probably due to the relatively few results regarding MSI in our study[26]. The presence of low histological differentiation and large tumour size in patients with MSI-H stage Ι-ΙΙΙ disease in our study reveals the poor histological features of this subgroup and is consistent with already published studies[27].
PTL was found to play an important role in disease recurrence, as among patients with initial stage I-III disease, there was a significant time difference between LCC (14.5 mo) and RCC (7.7 mo) (P < 0.001); a similar difference was seen in OS, with patients with initial stage I-III LCC demonstrating longer OS (82.4 mo) than RCC patients (58.4 mo) (P = 0.018)[8,15,28,29].
A recent meta-analysis concluded that EGFR inhibitors provided a clear clinical benefit to RAS-wild-type patients[30]. In line with the above, the predictive value of RAS mutation status was confirmed in this study, as patients with initial stage IV RAS-wild-type disease who received panitumumab exhibited a better response in first-line chemotherapy (16.5 mo) than patients who received bevacizumab (13.7 mo) (P = 0.05)[31]. The predictive value of RAS mutation status was also enhanced by the results regarding PTL, as among patients with final stage IV RAS-wild-type disease who received panitumumab, LCC patients exhibited a better response (15.8 mo) in the first-line chemotherapy setting than RCC patients (5.5 mo) (P = 0.034)[32-36].
There are limited data with respect to the response of colon tumours to bevacizumab according to PTL. The study of Boisen et al[37] showed that patients with tumours of the sigmoid colon and rectum who received first-line chemotherapy with bevacizumab experienced a longer PFS than patients with tumours in the caecum and ascending colon, a result that was not confirmed in this study (LCC: 11.6 mo, RCC: 12.5 mo)[37,38]. According to Arnold et al[34], administration of bevacizumab in RCC leads to a better response in first-line chemotherapy than administration of other antibodies, a result that was also not confirmed in the present study (bevacizumab: 12.5 mo; panitumumab: 5.5 mo, P = 0.111), and there was no difference in OS between the two antibodies (bevacizumab: 49.4 mo; panitumumab: 54.6 mo, P = 0.780)[15,34]. Regarding the use of bevacizumab after first-line chemotherapy, previous studies support that continuation of VEGF inhibition in the second-line chemotherapy setting provides a very mild but significant benefit to survival, regardless of KRAS status[39,40]. In our study, there was no benefit to survival associated with continuing the administration of bevacizumab after first-line chemotherapy, and none of the possible combinations of administered antibodies in the first- and second-line chemotherapy settings were associated with any significant differences (P = 0.693) (Table 13).
Limitations of our study include the relatively small total number of patients, the absence of molecular biomarkers and surgical specimens for all patients and the partially retrospective data collection.
In conclusion, left and RCC are two different disease entities within the same organ with differences at the histopathological, molecular and embryological level, as well as differences in terms of which molecular pathways of carcinogenesis are involved, and blood supply and exposure to microbial populations. The silent clinical presentation of RCC, combined with the older age at diagnosis and the presence of comorbidities, as well as the poor response to chemotherapeutic regimens and targeting agents, makes diagnosis and treatment a challenge to clinicians. The use of already known biomarkers is considered necessary for defining a personalized treatment plan, and PTL should be taken into account in therapeutic decision making. Further understanding of the biology of colon cancer can lead to the development of new effective therapeutic options or to the optimization of the existing ones.

[bookmark: OLE_LINK151][bookmark: OLE_LINK259]ARTICLE HIGHLIGHTS
Research background
Left and right colon cancer present differences at histopathological, molecular and embryological level, blood supply and exposure to microbial populations. Different pathogenic pathways may contribute to the difference in disease behaviour and overall survival between them. 

Research motivation
The absence of data regarding differences between right and left colon cancer in the Greek population was the study’s main concern. The outcomes may assist clinicians to define a therapeutic treatment plan based on molecular biology and primary tumour location. 

Research objectives
The aim of this study was to investigate significant differences among Greek patients with right and left colon cancer based on epidemiological, clinical, histological and molecular characteristics as well as differences between them in terms of disease progression and overall survival as response to targeted therapy.

Research methods
A total of 144 patients with colon cancer of any stage were enrolled in this observational study. Data were collected retrospectively and prospectively during a 2.5-year period. Comparative analysis between and left and right colon cancer patients was performed. Multivariate Cox regression analysis was used to determine the independent predictive factors for progression free survival and disease specific survival.

Research results
Right colon cancer patients presented more comorbidities, worse histological and molecular characteristics as well as an insidious disease onset. Shorter overall survival, higher tumour relapse rate and poor response to targeted regimens of right colon cancer patients dictates different clinical, diagnostic and therapeutic approaches. 

Research conclusions
We investigated the differences between left and colon cancer in terms of clinical presentation, histopathology and molecular biology in Greek colon cancer patients. Right colon cancer patients presented a higher rate of mucinous differentiation, infiltrated lymph nodes and KRAS mutation, as well as more silent clinical presentation of the disease and a higher rate of coronary artery disease and diabetes. The KRAS gene revealed its predictive value since RAS-wild-type colon cancer patients who received panitumumab exhibited a better response than patients who received bevacizumab, a result that was also enhanced by the results regarding primary tumour location, as among patients with RAS-wild-type disease who received panitumumab, left colon cancer patients exhibited a better response than right colon cancer patients. On the other hand, the prognostic value of the BRAF gene was confirmed, as BRAF mutant patients demonstrated a shorter progression-free survival time period than BRAF-wild-type patients. Disease stage at the time of diagnosis was confirmed as an important factor for survival in both univariate and multivariate analyses, while primary tumour location was found to play an important role in disease recurrence, as well as in overall survival among patients with initial stage I-III disease. Despite the relatively small size of this study and its partial retrospective nature we suggest that primary tumor location and molecular biomarkers should be taken in into account in therapeutic decision making. 

Research perspectives
A personalized treatment plan should be based on histological and molecular characteristics of the tumor in association with primary tumor location. Large randomized control trials are needed to evaluate tumor response rate based on new emerging molecular biomarkers. 

ACKOWLEDGEMENTS
The authors would like to thank the employees of the Department of Patients Medical Records of Metaxa Anticancer Hospital for their time and contribution in identifying and providing the medical records of all patients who participated in the study.

REFERENCES
1 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI: 10.1002/ijc.29210]
2 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID: 21296855 DOI: 10.3322/caac.20107]
3 Bailey CE, Hu CY, You YN, Bednarski BK, Rodriguez-Bigas MA, Skibber JM, Cantor SB, Chang GJ. Increasing disparities in the age-related incidences of colon and rectal cancers in the United States, 1975-2010. JAMA Surg 2015; 150: 17-22 [PMID: 25372703 DOI: 10.1001/jamasurg.2014.1756]
4 Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin 2014; 64: 9-29 [PMID: 24399786 DOI: 10.3322/caac.21208]
5 Cheng L, Eng C, Nieman LZ, Kapadia AS, Du XL. Trends in colorectal cancer incidence by anatomic site and disease stage in the United States from 1976 to 2005. Am J Clin Oncol 2011; 34: 573-580 [PMID: 21217399 DOI: 10.1097/COC.0b013e3181fe41ed]
6 Bufill JA. Colorectal cancer: evidence for distinct genetic categories based on proximal or distal tumor location. Ann Intern Med 1990; 113: 779-788 [PMID: 2240880 DOI: 10.7326/0003-4819-113-10-779]
7 Iacopetta B. Are there two sides to colorectal cancer? Int J Cancer 2002; 101: 403-408 [PMID: 12216066 DOI: 10.1002/ijc.10635]
8 Meguid RA, Slidell MB, Wolfgang CL, Chang DC, Ahuja N. Is there a difference in survival between right- versus left-sided colon cancers? Ann Surg Oncol 2008; 15: 2388-2394 [PMID: 18622647 DOI: 10.1245/s10434-008-0015-y]
9 Baran B, Mert Ozupek N, Yerli Tetik N, Acar E, Bekcioglu O, Baskin Y. Difference Between Left-Sided and Right-Sided Colorectal Cancer: A Focused Review of Literature. Gastroenterology Res 2018; 11: 264-273 [PMID: 30116425 DOI: 10.14740/gr1062w]
10 Shen H, Yang J, Huang Q, Jiang MJ, Tan YN, Fu JF, Zhu LZ, Fang XF, Yuan Y. Different treatment strategies and molecular features between right-sided and left-sided colon cancers. World J Gastroenterol 2015; 21: 6470-6478 [PMID: 26074686 DOI: 10.3748/wjg.v21.i21.6470]
11 Tong JH, Lung RW, Sin FM, Law PP, Kang W, Chan AW, Ma BB, Mak TW, Ng SS, To KF. Characterization of rare transforming KRAS mutations in sporadic colorectal cancer. Cancer Biol Ther 2014; 15: 768-776 [PMID: 24642870 DOI: 10.4161/cbt.28550]
12 Yamauchi M, Morikawa T, Kuchiba A, Imamura Y, Qian ZR, Nishihara R, Liao X, Waldron L, Hoshida Y, Huttenhower C, Chan AT, Giovannucci E, Fuchs C, Ogino S. Assessment of colorectal cancer molecular features along bowel subsites challenges the conception of distinct dichotomy of proximal versus distal colorectum. Gut 2012; 61: 847-854 [PMID: 22427238 DOI: 10.1136/gutjnl-2011-300865]
13 Hsu YL, Lin CC, Jiang JK, Lin HH, Lan YT, Wang HS, Yang SH, Chen WS, Lin TC, Lin JK, Lin PC, Chang SC. Clinicopathological and molecular differences in colorectal cancer according to location. Int J Biol Markers 2019; 34: 47-53 [PMID: 30854932 DOI: 10.1177/1724600818807164]
14 Holch JW, Ricard I, Stintzing S, Modest DP, Heinemann V. The relevance of primary tumour location in patients with metastatic colorectal cancer: A meta-analysis of first-line clinical trials. Eur J Cancer 2017; 70: 87-98 [PMID: 27907852 DOI: 10.1016/j.ejca.2016.10.007]
15 Benedix F, Kube R, Meyer F, Schmidt U, Gastinger I, Lippert H; Colon/Rectum Carcinomas (Primary Tumor) Study Group. Comparison of 17,641 patients with right- and left-sided colon cancer: differences in epidemiology, perioperative course, histology, and survival. Dis Colon Rectum 2010; 53: 57-64 [PMID: 20010352 DOI: 10.1007/DCR.0b013e3181c703a4]
16 Hansen IO, Jess P. Possible better long-term survival in left versus right-sided colon cancer - a systematic review. Dan Med J 2012; 59: A4444 [PMID: 22677242]
17 Marzouk O, Schofield J. Review of histopathological and molecular prognostic features in colorectal cancer. Cancers (Basel) 2011; 3: 2767-2810 [PMID: 24212832 DOI: 10.3390/cancers3022767]
18 Nawa T, Kato J, Kawamoto H, Okada H, Yamamoto H, Kohno H, Endo H, Shiratori Y. Differences between right- and left-sided colon cancer in patient characteristics, cancer morphology and histology. J Gastroenterol Hepatol 2008; 23: 418-423 [PMID: 17532785 DOI: 10.1111/j.1440-1746.2007.04923.x]
19 Weiss JM, Pfau PR, O'Connor ES, King J, LoConte N, Kennedy G, Smith MA. Mortality by stage for right- versus left-sided colon cancer: analysis of surveillance, epidemiology, and end results--Medicare data. J Clin Oncol 2011; 29: 4401-4409 [PMID: 21969498 DOI: 10.1200/JCO.2011.36.4414]
20 Malik S, Wong ND, Franklin SS, Kamath TV, L'Italien GJ, Pio JR, Williams GR. Impact of the metabolic syndrome on mortality from coronary heart disease, cardiovascular disease, and all causes in United States adults. Circulation 2004; 110: 1245-1250 [PMID: 15326067 DOI: 10.1161/01.CIR.0000140677.20606.0E]
21 Yuhara H, Steinmaus C, Cohen SE, Corley DA, Tei Y, Buffler PA. Is diabetes mellitus an independent risk factor for colon cancer and rectal cancer? Am J Gastroenterol 2011; 106: 1911-21; quiz 1922 [PMID: 21912438 DOI: 10.1038/ajg.2011.301]
22 Ogura T, Kakuta M, Yatsuoka T, Nishimura Y, Sakamoto H, Yamaguchi K, Tanabe M, Tanaka Y, Akagi K. Clinicopathological characteristics and prognostic impact of colorectal cancers with NRAS mutations. Oncol Rep 2014; 32: 50-56 [PMID: 24806883 DOI: 10.3892/or.2014.3165]
23 Yoon HH, Tougeron D, Shi Q, Alberts SR, Mahoney MR, Nelson GD, Nair SG, Thibodeau SN, Goldberg RM, Sargent DJ, Sinicrope FA; Alliance for Clinical Trials in Oncology. KRAS codon 12 and 13 mutations in relation to disease-free survival in BRAF-wild-type stage III colon cancers from an adjuvant chemotherapy trial (N0147 alliance). Clin Cancer Res 2014; 20: 3033-3043 [PMID: 24687927 DOI: 10.1158/1078-0432.CCR-13-3140]
24 Imamura Y, Morikawa T, Liao X, Lochhead P, Kuchiba A, Yamauchi M, Qian ZR, Nishihara R, Meyerhardt JA, Haigis KM, Fuchs CS, Ogino S. Specific mutations in KRAS codons 12 and 13, and patient prognosis in 1075 BRAF wild-type colorectal cancers. Clin Cancer Res 2012; 18: 4753-4763 [PMID: 22753589 DOI: 10.1158/1078-0432.CCR-11-3210]
25 Van Cutsem E, Köhne CH, Láng I, Folprecht G, Nowacki MP, Cascinu S, Shchepotin I, Maurel J, Cunningham D, Tejpar S, Schlichting M, Zubel A, Celik I, Rougier P, Ciardiello F. Cetuximab plus irinotecan, fluorouracil, and leucovorin as first-line treatment for metastatic colorectal cancer: updated analysis of overall survival according to tumor KRAS and BRAF mutation status. J Clin Oncol 2011; 29: 2011-2019 [PMID: 21502544 DOI: 10.1200/JCO.2010.33.5091]
26 Hamelin R, Chalastanis A, Colas C, El Bchiri J, Mercier D, Schreurs AS, Simon V, Svrcek M, Zaanan A, Borie C, Buhard O, Capel E, Zouali H, Praz F, Muleris M, Fléjou JF, Duval A. [Clinical and molecular consequences of microsatellite instability in human cancers]. Bull Cancer 2008; 95: 121-132 [PMID: 18230578 DOI: 10.1684/bdc.2008.0571]
27 Kang S, Na Y, Joung SY, Lee SI, Oh SC, Min BW. The significance of microsatellite instability in colorectal cancer after controlling for clinicopathological factors. Medicine (Baltimore) 2018; 97: e0019 [PMID: 29489646 DOI: 10.1097/MD.0000000000010019]
28 Sasaki K, Andreatos N, Margonis GA, He J, Weiss M, Johnston F, Wolfgang C, Antoniou E, Pikoulis E, Pawlik TM. The prognostic implications of primary colorectal tumor location on recurrence and overall survival in patients undergoing resection for colorectal liver metastasis. J Surg Oncol 2016; 114: 803-809 [PMID: 27792291 DOI: 10.1002/jso.24425]
29 Qin Q, Yang L, Sun YK, Ying JM, Song Y, Zhang W, Wang JW, Zhou AP. Comparison of 627 patients with right- and left-sided colon cancer in China: Differences in clinicopathology, recurrence, and survival. Chronic Dis Transl Med 2017; 3: 51-59 [PMID: 29063056 DOI: 10.1016/j.cdtm.2017.02.004]
30 Pietrantonio F, Cremolini C, Petrelli F, Di Bartolomeo M, Loupakis F, Maggi C, Antoniotti C, de Braud F, Falcone A, Iacovelli R. First-line anti-EGFR monoclonal antibodies in panRAS wild-type metastatic colorectal cancer: A systematic review and meta-analysis. Crit Rev Oncol Hematol 2015; 96: 156-166 [PMID: 26088456 DOI: 10.1016/j.critrevonc.2015.05.016]
31 Schwartzberg LS, Rivera F, Karthaus M, Fasola G, Canon JL, Hecht JR, Yu H, Oliner KS, Go WY. PEAK: a randomized, multicenter phase II study of panitumumab plus modified fluorouracil, leucovorin, and oxaliplatin (mFOLFOX6) or bevacizumab plus mFOLFOX6 in patients with previously untreated, unresectable, wild-type KRAS exon 2 metastatic colorectal cancer. J Clin Oncol 2014; 32: 2240-2247 [PMID: 24687833 DOI: 10.1200/JCO.2013.53.2473]
32 von Einem JC, Heinemann V, von Weikersthal LF, Vehling-Kaiser U, Stauch M, Hass HG, Decker T, Klein S, Held S, Jung A, Kirchner T, Haas M, Holch J, Michl M, Aubele P, Boeck S, Schulz C, Giessen C, Stintzing S, Modest DP. Left-sided primary tumors are associated with favorable prognosis in patients with KRAS codon 12/13 wild-type metastatic colorectal cancer treated with cetuximab plus chemotherapy: an analysis of the AIO KRK-0104 trial. J Cancer Res Clin Oncol 2014; 140: 1607-1614 [PMID: 24816724 DOI: 10.1007/s00432-014-1678-3]
33 Missiaglia E, Jacobs B, D'Ario G, Di Narzo AF, Soneson C, Budinska E, Popovici V, Vecchione L, Gerster S, Yan P, Roth AD, Klingbiel D, Bosman FT, Delorenzi M, Tejpar S. Distal and proximal colon cancers differ in terms of molecular, pathological, and clinical features. Ann Oncol 2014; 25: 1995-2001 [PMID: 25057166 DOI: 10.1093/annonc/mdu275]
34 Arnold D, Lueza B, Douillard JY, Peeters M, Lenz HJ, Venook A, Heinemann V, Van Cutsem E, Pignon JP, Tabernero J, Cervantes A, Ciardiello F. Prognostic and predictive value of primary tumour side in patients with RAS wild-type metastatic colorectal cancer treated with chemotherapy and EGFR directed antibodies in six randomized trials. Ann Oncol 2017; 28: 1713-1729 [PMID: 28407110 DOI: 10.1093/annonc/mdx175]
35 Brulé SY, Jonker DJ, Karapetis CS, O'Callaghan CJ, Moore MJ, Wong R, Tebbutt NC, Underhill C, Yip D, Zalcberg JR, Tu D, Goodwin RA. Location of colon cancer (right-sided versus left-sided) as a prognostic factor and a predictor of benefit from cetuximab in NCIC CO.17. Eur J Cancer 2015; 51: 1405-1414 [PMID: 25979833 DOI: 10.1016/j.ejca.2015.03.015]
36 Boeckx N, Koukakis R, Op de Beeck K, Rolfo C, Van Camp G, Siena S, Tabernero J, Douillard JY, André T, Peeters M. Primary tumor sidedness has an impact on prognosis and treatment outcome in metastatic colorectal cancer: results from two randomized first-line panitumumab studies. Ann Oncol 2017; 28: 1862-1868 [PMID: 28449055 DOI: 10.1093/annonc/mdx119]
37 Boisen MK, Johansen JS, Dehlendorff C, Larsen JS, Osterlind K, Hansen J, Nielsen SE, Pfeiffer P, Tarpgaard LS, Holländer NH, Keldsen N, Hansen TF, Jensen BB, Jensen BV. Primary tumor location and bevacizumab effectiveness in patients with metastatic colorectal cancer. Ann Oncol 2013; 24: 2554-2559 [PMID: 23864097 DOI: 10.1093/annonc/mdt253]
38 Grothey A, Sugrue MM, Purdie DM, Dong W, Sargent D, Hedrick E, Kozloff M. Bevacizumab beyond first progression is associated with prolonged overall survival in metastatic colorectal cancer: results from a large observational cohort study (BRiTE). J Clin Oncol 2008; 26: 5326-5334 [PMID: 18854571 DOI: 10.1200/JCO.2008.16.3212]
39 Bennouna J, Sastre J, Arnold D, Österlund P, Greil R, Van Cutsem E, von Moos R, Viéitez JM, Bouché O, Borg C, Steffens CC, Alonso-Orduña V, Schlichting C, Reyes-Rivera I, Bendahmane B, André T, Kubicka S; ML18147 Study Investigators. Continuation of bevacizumab after first progression in metastatic colorectal cancer (ML18147): a randomised phase 3 trial. Lancet Oncol 2013; 14: 29-37 [PMID: 23168366 DOI: 10.1016/S1470-2045(12)70477-1]
40 Kubicka S, Greil R, André T, Bennouna J, Sastre J, Van Cutsem E, von Moos R, Osterlund P, Reyes-Rivera I, Müller T, Makrutzki M, Arnold D; ML18147 study investigators including AIO, GERCOR, FFCD, UNICANCER GI, TTD, BGDO, GEMCAD, and AGMT groups. Bevacizumab plus chemotherapy continued beyond first progression in patients with metastatic colorectal cancer previously treated with bevacizumab plus chemotherapy: ML18147 study KRAS subgroup findings. Ann Oncol 2013; 24: 2342-2349 [PMID: 23852309 DOI: 10.1093/annonc/mdt231]



Footnotes
[bookmark: OLE_LINK815][bookmark: OLE_LINK863][bookmark: OLE_LINK960][bookmark: OLE_LINK657][bookmark: OLE_LINK433][bookmark: OLE_LINK434][bookmark: OLE_LINK1104][bookmark: OLE_LINK270]Institutional review board statement: The study was reviewed and approved by the Institutional Review Board of Metaxa Anticancer Hospital (Piraeus, Greece).
[bookmark: OLE_LINK339][bookmark: OLE_LINK340][bookmark: OLE_LINK352][bookmark: OLE_LINK365][bookmark: OLE_LINK398][bookmark: OLE_LINK464]
Informed consent statement: All study participants, or their legal guardians, provided informed written consent prior to study enrolment.

Conflict-of-interest statement: The authors declare no financial support, funding resources or conflicts of interest.

[bookmark: OLE_LINK824][bookmark: OLE_LINK825][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK587][bookmark: OLE_LINK765][bookmark: OLE_LINK186]Data sharing statement: The datasets generated during for the purposes of the current study are not publicly available. The authors are committed to sharing with qualified external researchers’ access to patient level data. Such requests are reviewed and approved on the basis of scientific merit. All data provided is anonymised and in line with applicable laws and regulations. The data may be requested from the corresponding author of the manuscript. 

STROBE statement: The authors have read the STROBE statement checklist of items, and the manuscript was prepared and revised according to the STROBE statement checklist of items.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Manuscript source: Invited conference manuscripts

Peer-review started: December 27, 2019
First decision: February 18, 2020
Article in press: April 17, 2020

Specialty type: Medicine, research and experimental
Country/Territory of origin: Greece
Peer-review report’s scientific quality classification
Grade A (Excellent): 0
Grade B (Very good): 0
Grade C (Good): C
Grade D (Fair): D
Grade E (Poor): 0

P-Reviewer: Cheng TH, Gkekas I S-Editor: Zhang L L-Editor: A E-Editor: Xing YX

Figure Legends
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Figure 1 Distribution of primary tumour location in colon cancer patients.
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Figure 2 Disease recurrence in patients with stage Ι, ΙΙ and ΙΙΙ disease according to RAS mutation status.
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Figure 3 Disease recurrence in left colon cancer patients with stage Ι, ΙΙ and ΙΙΙ disease according to RAS mutation status.
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Figure 4 Progression-free survival in the first-line chemotherapy setting in patients with initial stage Ι, II and IΙΙ disease according to location.
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Figure 5 Progression-free survival in the first-line chemotherapy setting in patients with initial stage IV disease according to RAS mutation status.
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Figure 6 Progression-free survival in the first-line chemotherapy setting in patients with final stage IV RAS-wild-type disease receiving panitumumab according to primary tumour location.
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Figure 7 Progression-free survival in the first-line chemotherapy setting according to BRAF mutation status.
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Figure 8 Overall survival among patients with initial stage I, II and ΙΙΙ disease according to primary tumour location.



Table 1 Characteristics of right and left colon cancer patients
	
	LCC (n = 100)
	RCC (n = 44)
	P value

	Male
	64 (64.0%)
	22 (50.0%)
	P = 0.163

	Female
	36 (36.0%)
	22 (50.0%)
	

	Age (mean ± SD) (yr)
	65.4 (± 10.3)
	65.5 (± 10.1)
	P = 0.948

	BMI (mean ± SD)
(k/m2)
	28.0 (± 4.4)
	29.0 (± 6.6)
	P = 0.225


RCC: Right colon cancer; LCC: Left colon cancer; BMI: Body mass index.


Table 2 Clinical presentation and comorbidities with statistically significant differences between left and right colon cancer patients
	
	LCC (n = 100), n (%)
	RCC (n = 44), n (%)
	P value

	Anaemia
	13 (13.1)
	14 (31.8)
	aP = 0.008

	Rectal bleeding
	46 (46.5)
	9 (20.5)
	aP = 0.003

	Feeling of incomplete evacuation
	26 (26.3)
	5 (11.4)
	aP = 0.005

	Coronary heart disease
	9 (9.0)
	9 (20.5)
	bP = 0.056

	Diabetes mellitus
	8 (8.2)
	10 (13.6)
	aP = 0.016


[bookmark: _Hlk33712361]aStatistically significant at 0.05 level. bStatistically significant at 0.1 level. RCC: Right colon cancer; LCC: Left colon cancer.


Table 3 Disease stage, tumour size (T), infiltrated lymph nodes (N) and metastatic load (M) in right and left patients at the time of diagnosis according to AJCC 8th edition, 2017
	
	
	LCC (n = 100), n (%)
	RCC (n = 44), n (%)
	P value

	
	I
	7 (7.0)
	0 (0)
	P = 0.230

	Stage
	II
	13 (13.0)
	8 (18.2)
	

	
	III
	25 (25.0)
	14 (31.8)
	

	
	IV
	55 (55.0)
	22 (50.0)
	

	
	T1-T2
	11 (11.0)
	3 (6.8)
	bP = 0.088

	
	T3
	61 (61.0)
	25 (56.8)
	

	T
	T4
	13 (13.0)
	13 (29.6)
	

	
	TX
	15 (15.0)
	3 (6.8)
	

	
	N0
	28 (28.0)
	9 (20.5)
	aP = 0.039

	N
	N1
	32 (32.0)
	23 (52.3)
	

	
	N2
	24 (24.0)
	5 (11.3)
	

	
	NX
	16 (16.0)
	7 (15.9)
	

	
	M0
	45 (45.0)
	22 (50.0)
	P = 0.446

	M
	M1a
	40 (40.0)
	13 (29.5)
	

	
	M1b
	15 (15.0)
	9 (20.5)
	


aStatistically significant at 0.05 level. bStatistically significant at 0.1 level. (P value = 0.039 refers to N0-N2). RCC: Right colon cancer; LCC: Left colon cancer.


Table 4 Histology, differentiation, and presence of necrosis, emboli (vascular and lymphatic) and perineural infiltration in patients with right and left colon cancer according to the World Health Organization 2019 classification
	
	
	LCC (n = 100), n (%)
	RCC (n = 44), n (%)
	P value

	Histology
	Adenocarcinoma
	95 (95.0)
	37 (84.1)
	aP = 0.046

	
	Mucinous
	4 (4.0)
	7 (15.9)
	

	
	Neuroendocrine
	1 (1.0)
	0 (0)
	

	Differentiation
	Low
	19 (20.9)
	19 (46.3)
	aP = 0.005

	
	Moderate/High
	72 (79.1)
	22 (53.7)
	

	Necroses
	No
	53 (62.4)
	24 (61.5)
	P = 1.000

	
	Yes
	32 (37.6)
	15 (38.5)
	

	Emboli
	No
	68 (82.9)
	34 (87.2)
	P = 0.606

	
	Yes
	14 (17.1)
	5 (12.8)
	

	Perineural infiltration
	No
	71 (87.7)
	36 (92.3)
	P = 0.544

	
	Yes
	10 (12.3)
	3 (7.7)
	


aStatistically significant at 0.05 level. RCC: Right colon cancer; LCC: Left colon cancer.


Table 5 KRAS, NRAS, BRAF and MSI-related genes in right and left colon cancer patients
	
	LCC (n = 100), n (%)
	RCC (n = 44), n (%)
	Total, n (%)
	P value

	KRAS wild type
	60 (63.8)
	17 (42.5)
	77 (57.5)
	aP = 0.036

	KRAS mutant
	34 (36.2)
	23 (57.5)
	57 (42.5)
	

	NRAS wild type
	80 (95.2)
	29 (100.0)
	109 (96.5)
	P = 0.571

	NRAS mutant
	4 (4.8)
	0 (0)
	4 (3.5)
	

	RAS wild type
	56 (59.6)
	17 (42.5)
	73 (54.5)
	P = 0.104

	RAS mutant 
	38 (40.4)
	23 (57.5)
	61 (45.5)
	

	BRAF wild type
	60 (93.8)
	23 (82.1)
	83 (90.2)
	P = 0.125

	BRAF mutant
	4 (6.2)
	5 (17.9)
	9 (9.8)
	

	MSS
	51 (94.4)
	29 (93.5)
	80 (94.1)
	P = 1.000

	MSI-H
	3 (5.6)
	2 (6.5)
	5 (5.9)
	


aStatistically significant at 0.05 level. RCC: Right colon cancer; LCC: Left colon cancer; MSI: Microsatellite instability.


Table 6 Adjuvant and perioperative therapy across disease stages and locations
	Stage
	Location
	FOLFOX
	XELOX
	RT-Capecitabine
	RT-Xeloda (Capecitabine)
	Total

	II
	LCC
	3
	5
	5
	-
	13

	
	RCC
	3
	5
	-
	-
	8

	III
	LCC
	3
	11
	-
	11
	25

	
	RCC
	2
	12
	-
	-
	14

	
	LCC
	6
	16
	5
	11
	38

	Total
	RCC
	5
	17
	-
	-
	22

	
	Total
	11
	33
	5
	11
	60


RCC: Right colon cancer; LCC: Left colon cancer.


Table 7 Cox regression analysis of disease recurrence
	
	P value
	HR
	95%CI

	KRAS wild-type/NRAS mutant (Ref cat)

	KRAS mutant
	aP = 0.002
	3.731
	1.635-8.513

	Presence of emboli
	aP = 0.025
	3.221
	1.161-8.938

	Location
	0.286
	
	

	Histology
	0.339
	
	

	Sex
	0.797
	
	

	Age
	0.336
	
	

	Lymph node involvement
	0.465
	
	

	Grade
	0.533
	
	

	Necroses
	0.911
	
	

	Initial stage
	0.216
	
	


aStatistically significant at 0.05 level. HR: Hazard ratio; CI: Confidence interval.


Table 8 Administered chemotherapy regimens in the first-line setting according to primary tumour location
	
	FOLFOX, n (%)
	FOLFIRI, n (%)
	Cisplatin-etoposide (%)
	Total, n (%)

	LCC
	61 (53.0)
	21 (18.3)
	1 (0.9)
	83 (72.2)

	RCC
	19 (16.5)
	13 (11.3)
	-
	32 (27.8)

	Total
	80 (69.5)
	34 (29.6)
	1 (0.9)
	115 (100)


RCC: Right colon cancer; LCC: Left colon cancer.


Table 9 Administered antibodies in the first-line setting according to RAS mutation status and progression-free survival time
	
	RAS status
	Bevacizumab, n (%)
	PFS
	Panitumumab, n (%)
	PFS
	Total, n (%)
	PFS

	LCC
	RAS wild type
	20 (17.6)
	12.3
	27 (23.7)
	15.8
	47 (41.3)
	14.0

	
	RAS mutant
	35 (30.7)
	11.6
	-
	-
	35 (30.7)
	11.6

	
	Total
	55 (48.3)
	11.6
	27 (23.7)
	15.8
	82 (72.0)
	12.2

	RCC
	RAS wild type
	4 (3.4)
	22.2
	8 (7.0)
	5.5
	12 (10.4)
	13.8

	
	RAS mutant
	20 (17.6)
	10
	-
	-
	20 (17.6)
	10

	
	Total
	24 (21.0)
	12.6
	8 (7.0)
	5.5
	32 (28.0)
	12.5

	Total
	
	79 (69.3)
	12
	35 (30.7)
	14.5
	114 (100.0)
	12.3


RCC: Right colon cancer, LCC: Left colon cancer, PFS: Progression free survival.


Table 10 Cox regression analysis of first-line chemotherapy
	
	P value
	HR
	95%CI

	BRAF wild type 
	
	(Ref cat)
	

	BRAF mutant
	aP = 0.040
	2.454
	1.044-5.772

	KRAS/NRAS
	0.202
	
	

	Location
	0.166
	
	

	Histology
	0.636
	
	

	Sex
	0.405
	
	

	Age
	0.906
	
	

	Antibody
	0.748
	
	

	Initial stage
	0.217
	
	


aStatistically significant at 0.05 level. HR: Hazard ratio; CI: Confidence interval.


Table 11 Administered chemotherapy regimens in the second-line setting according to primary tumour location
	
	FOLFOX, n (%)
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]FOLFIRI, n (%)
	Total, n (%)

	LCC
	19 (19.4)
	55 (56.1)
	74 (75.5)

	RCC
	8 (8.2)
	16 (16.3)
	24 (24.5)

	Total
	27 (27.6)
	71 (72.4)
	98 (100.0)


RCC: Right colon cancer; LCC: Left colon cancer.


Table 12 Administered antibodies in the second-line setting according to RAS mutation status and time to progression-free survival
	
	RAS status

	Bevacizumab, n (%)
	PFS
	Panitumumab, n (%)
	PFS
	Aflibercept, n (%)
	PFS
	Total, n (%)
	PFS

	LCC
	RAS wild type
	16 (16.5)
	7.4
	20 (20.6)
	8.1
	10 (10.3)
	6.8
	46 (47.4)
	7.9

	
	RAS mutant
	9 (9.3)
	9
	-
	-
	19 (19.6)
	9.3
	28 (28.9)
	9.0

	
	Total
	25 (25.8)
	7.4
	20 (20.6)
	8.1
	29 (29.9)
	8.2
	74 (76.3)
	8.2

	RCC
	RAS wild type
	2 (2.1)
	4.4
	6 (6.2)
	12.3
	1 (1.0)
	7.7
	9 (9.3)
	9.0

	
	RAS mutant
	7 (7.3)
	10.4
	-
	-
	7 (7.3)
	7.0
	14 (14.4)
	12.3

	
	Total
	9 (9.3)
	10.4
	6 (6.2)
	12.3
	8 (8.3)
	7.1
	23 (23.4)
	8.6

	
	
	34 (34.5)
	9.0
	26 (26.8)
	9.7
	37 (38.1)
	7.6
	97 (100)
	8.6


RCC: Right colon cancer; LCC: Left colon cancer; PFS: Progression free survival.


Table 13 Overall survival depending on the combination of administered antibodies in first- and second-line chemotherapy
	First line
	Second line
	Median OS (mo)
	P value

	Bevacizumab
	Bevacizumab
	58.4
	P = 0.693

	Panitumumab
	Bevacizumab
	44.9
	

	Bevacizumab
	Panitumumab
	51.7
	

	Panitumumab
	Panitumumab
	46.7
	

	Bevacizumab
	Aflibercept
	44.0
	

	Panitumumab
	Aflibercept
	62.3
	


OS: Overall survival.


Table 14 Cox regression analysis of overall survival
	
	P value
	HR
	95%CI

	KRAS wild type/NRAS wild type
	
	(Ref cat)
	

	KRAS mutant
	aP = 0.017
	2.313
	1.162-4.605

	Initial stage I-III
	
	(Ref cat)
	

	Initial stage IV
	aP < 0.001
	4.036
	1.922-8.475

	BRAF
	0.373
	
	

	Location
	0.937
	
	

	Histology
	0.259
	
	

	Sex
	0.602
	
	

	Age
	0.250
	
	

	Lymph nodes
	0.407
	
	

	Differentiation grade
	0.142
	
	

	Presence of necrosis
	0.375
	
	

	Presence of emboli
	0.783
	
	


aStatistically significant at 0.05 level. HR: Hazard ratio; CI: Confidence interval.
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