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ABSTRACT

Increasing evidence suggests genetic, biological and demographical difference between right and 
left colon cancer. Studies have also indicated age differences in the pathology of colon cancer. 
There is a scarcity of large-scale studies that closely examine the pathological differences regarding 
age and tumor location. The aim of this study was to do an extensive comparison of right- and 
left-sided colon cancers as well as comparing patients <50 years with older patients. A retrospec-
tive, population-based study was carried out on all patients with colon cancer in Iceland between 
1955 and 2004. A total of 2293 cases were analyzed (1148 males, 1145 females). All histopathology 
material was re-evaluated. Differences in tumor characteristics between right and left location and 
younger (<50) and older (≥50) patients were evaluated in particular. Higher TNM-stage, larger 
tumors, vessel invasion, mucinous type, high grade and expanding tumor border occurred more 
frequently in right- vs. left-sided lesions while annular and polypoid tumors were more common in 
left-sided tumors (p<0.05). Young patients had more frequent lymph node metastases, vessel inva-
sion, non-polypoid lesions and infiltrating tumor border (p<0.05). Right-sided lesions show more 
aggressive features, reflected in morphology and stage. Younger patients present more frequently 
with adverse features than do older patients. Frequency of right- and left-sided colon cancer differs 
by age with pronounced age-location differences in females. This supports the assumption of dif-
ferences in etiology and carcinogenesis of right- and left-sided colon cancer, and between young 
and old patients.
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INTRODUCTION

Colon cancer is one of the most common malignancies in Western countries. In Iceland colon cancer 
is the third most common type of cancer in men and the fourth most common in women. The 
age-standardized (world) incidence rate in Iceland 1998-2002 was 23.4 per 100,000 for men, and 
15.6 per 100,000 for women.1

Cancer of the colon is often referred to as a homogenous entity. Clinicians and pathologists 
however are well aware of the diverse behavior and different morphologic features in this disease. 
Several publications have dealt with the issues of age and anatomic tumor sub-site in order to 
identify more homogenous subgroups of colon cancer patients and compare such groups. Age 
differences in colon cancer have been reported with conflicting results.2,3 Studies on the relation 
between right- and left-sided tumors and different variables have demonstrated that right- and left-
sided lesions exhibit different genetic, biological and demographical characteristics and risk factors, 
suggesting that the carcinogenetic mechanism and progression of colon cancer lesions may differ 
with tumor location.4,5 There is a lack of large-scale population-based studies that investigate many 
parameters and especially population-based studies that closely examine the relationship of many 
different morphological tumor characteristics and stage related factors to colon sub-site and age.

Iceland has a nationwide population-based cancer registry since 1955. There are few pathology 
laboratories in the country and all of them have stored histological material for decades. This offered 
the possibility to conduct a population-based retrospective comparative study reviewing the histopa-
thology of colon cancer diagnosed in Iceland over a 50-year period. The aim of the present study was 
to identify clinicopathological differences in colon cancer on the basis of location and patient age.

MATERIAL AND METHODS

According to the Icelandic Cancer Registry a total of 2521 colon cancer cases (colonic carcinomas) 
were diagnosed in Iceland between January 1, 1955 and December 31 2004. Metachronous (not first 
time), non-epithelial and intramucosal colon cancers as well as cases where the origin of the primary 
tumor was regarded as non-colon (appendix, rectum, etc.) were excluded. Depending on available 
clinical and pathological information tumors on the recto-sigmoid junction were regarded as rectal 
according to International Union Against Cancer definition.6 In cases with multiple (synchronous) 
cancers, either the most advanced or the largest one in diameter was analyzed. The remaining 2293 
colon cancer patients formed the basis of this study.

The median age at diagnosis was 73 years (IQR 63-80). There were 1148 men and 1145 women. 
Histological confirmation was present for 93% of the cases (colon resection 79%, polypectomy 1%, 
biopsy from primary tumor 3%, biopsy from metastasis 3%, autopsy 6%) but 7% of the cases were 
diagnosed without histopathogical confirmation.

All hematoxylin-eosin stained slides from the primary tumor or metastasis were reviewed. The 
parameters noted included age at diagnosis, gender, tumor sub-site within the colon, tumor size 
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(cm), macroscopic appearance7, annular growth, histological type8, grade of differentiation8, tumor 
border configuration9,10, peritumoral lymphocytic infiltration9,10, local extent of tumor (pT)11,12, vessel 
invasion13, lymph node status (pN)11,12, distant metastases11,12 and TNM-stage11,12. Immunohisto-
chemistry (CK7 and CK20; DAKO-Glostrup, Denmark) was performed on all cases where histological 
material was only available from tumor metastasis and in cases where tumor primary in the colon 
was doubted. Grade was only evaluated for the histological type adenocarcinoma NOS.13 Tumors 
were designated right sided if they were proximal to the splenic flexure and left sided if they oc-
curred at or distal to the splenic flexure.4 Tumor location was known for 2133 patients (93%).

The definition of young colon cancer patients (early onset cancer) is unclear and differs by studies 
with a cut of point between 30 and 55 years, often depending on the specific purposes of the 
investigators.2, 14 In this study age was categorized into two groups, young (< 50) and old (≥ 50) as 
in the study of Fairley et al.3

Descriptive statistics were calculated for all variables. Categorical variables were analyzed by us-
ing the chi-square test. Continuous variables were compared using independent sample t-test and 
Mann-Whitney U test. The ratio of the number of cases in the right colon to the number of cases in 
the left colon is defined as the “R/L ratio”. Linear regression analysis was performed to investigate a 
possible age- and gender-specific trend in the R/L ratio. It is to be noted that an R/L ratio of greater 
than 1 indicates that the cancer is more common on the right than on the left. Level of significance 
p < 0.05 was used. Analyses were performed using the SPSS 14.0 statistical package. Differences exist 
in the denominator for different variables examined due to incomplete data.

The study was approved by the Icelandic Bioethics Committee and registered by the Icelandic 
Data Protection Committee

RESULTS

The results for demographics and tumor characteristics by location are listed in table 1. There was 
non-significant difference in the number of right-sided and left-sided colon cancer. Right-sided 
colon cancers were significantly more frequent in the older age groups (p < 0.01) but the difference 
in median age and gender distribution was not significant.

Most of both the right- and left-sided tumors were of TNM stage II (39.0% and 37.7% respectively). 
In addition, there was a lower proportion of stage I (5.7% vs. 11.7%) and higher proportion of stage III 
(29.8% vs. 27.7%) and IV (25.5% vs. 22.8%) right-sided tumors compared with left-sided tumors (p < 
0.01 for χ2 test of all tumor stages). Patients with left-sided lesions were diagnosed at earlier T and N 
stages than patients with right-sided colon cancers (p < 0.01). The median number of lymph nodes 
examined for right-sided cancers was 8 vs. 6 (p < 0.01) for left-sided cancers. The mean number of 
examined lymph nodes increased from 4 (range 0-17) in the period 1955-1959 to 12 (range 0-51) in 
the period 2000-2004.
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TABLE 1. Subject and tumor characteristics of colon cancer 1955-2004, overall and by location in right and left 
colon.

Variables Categories Overall no.
(%)

Right-sided
colon cancer

Left-sided
colon cancer

P

N = 2133 N = 1076; 50.4% N = 1057; 49.6%

Age at diagnosis (y), 
median (IQR)

72 (63-79) 73 (65-80) 71 (62-78) 0.50

Age groups 0-59 18.3 15.7 20.7 <0.01

60-74 40.8 39.6 42.0

75-84 30.6 31.8 29.3

85-100 10.3 12.6 7.9

Male sex 50.5 48.5 52.6 0.06

Resection rate 84.4 84.8 84.0 0.64

Tumor size (cm) N = 1831 N = 947 N = 884 <0.01

Median (IQR) 4.5 (3.5-6.0) 5.0 (4.0-6.5) 4.0 (3.0-5.5)

Macroscopic 
appearance

N = 1798 N = 890 N = 908 0.01

Polypoid 23.9 21.3 26.3

Non-polypoid 76.1 78.7 73.7

Annular tumor growth N = 1798 N = 890 N = 908 <0.01

Annular 34.9 31.8 37.9

Not annular 65.1 68.2 62.1

Histological type N = 2092 N = 1066 N = 1026 <0.01

Adenocarcinoma NOS 90.1 86.4 94.0

Mucinous 
adenocarcinoma

7.5 9.9 5.0

Other types 2.3 3.7 1.1

Tumor grade (only 
adenocarcinoma NOS)

N = 1878 N = 915 N = 963 <0.01

Grade I (well 
differentiated)

12.7 8.9 16.4

Grade II (moderately 
differentiated)

74.1 68.9 79.1

Grade III (poorly 
differentiated)

13.2 22.3 4.5

Invasive margin N = 1943 N = 988 N = 955 <0.01

Expanding 50.6 55.3 45.9

Infiltrating 49.4 44.7 54.1

Peritumoral 
lymphocytic infiltration

N = 1939 N = 987 N = 952 0.45

Conspicuous 30.2 31.0 29.4

Little 69.8 69.0 70.6
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Histological types other than adenocarcinoma NOS including mucinous adenocarcinomas were 
more frequently seen in right-sided colon cancer than left-sided (13.6% vs. 6.1%; p < 0.01). Right-
sided tumors were of higher grade than left-sided tumors, with 22.3% of right-sided tumors being 
grade III vs. 4.5% of left-sided tumors (p < 0.01).

Expanding tumor border was more prevalent in the right colon than in the left colon (55.3% 
vs. 45.9%). Right-sided tumors were larger than left-sided cancer (median size 5.0 cm vs. 4.0 cm). 
Polypoid tumor shape and annular tumor growth was more prevalent in the left colon (26.3% vs. 
21.3% and 37.9% vs. 31.8% respectively). There was no significant difference between right-sided and 
left-sided colon regarding peritumoral lymphocytic infiltration and frequency of distant metastases.

Characteristics of patients according to age are presented in table 2. Patients under the age of 50 
years with colon cancer constituted 6.2% (n = 143) of the 2293 patients. The youngest male patient 
was 13 years old and the youngest female patient was 18 years old. Patients in the group 13-29, 
30-39, 40-49 represented 0.4% (n = 10), 1% (n = 24) and 5% (n = 109) of all cases respectively.

TABLE 1. Subject and tumor characteristics of colon cancer 1955-2004, overall and by location in right and left 
colon (continued).

Variables Categories Overall no.
(%)

Right-sided
colon cancer

Left-sided
colon cancer

P

Depth of tumor 
infiltration, T

N = 1949 N = 989 N = 960 <0.01

T1+T2 12.9 7.8 18.2

T3+T4 87.1 92.2 81.8

Vessel invasion N = 1884 N = 959 N = 925 <0.01

Present 34.8 42.3 26.9

Not present 65.2 57.7 73.1

No. of examined lymph 
nodes

N = 1936 N = 993 N = 943 <0.01

Median (IQR) 8 (4-13) 8 (4-13) 6 (2-10)

Nodal status, N N = 1752 N = 909 N = 842 <0.01

N0 54.7 52.3 57.4

N1 30.2 28.8 31.7

N2 15.1 18.9 10.9

Distant metastasis, M N = 2058 N = 801 N = 796 0.06

M0 77.6 75.9 79.4

M1 22.4 24.1 20.6

AJCC tumor stage N = 1902 N = 996 N = 906 <0.01

I 8.6 5.7 11.7

II 38.4 39.0 37.7

III 28.8 29.8 27.7

IV 24.2 25.5 22.8

Sample size is presented for each variable when data are not available for all subjects.
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Patients under 50 years had significantly higher resection rate than patients 50 years and older 
(88.1% vs. 78.8%). Non-polypoid-type lesions and infiltrating-type tumor border configuration were 
significantly more frequent in younger individuals than in the older population (84.3% vs. 75.7% and 
58.9% vs. 48.7% respectively). The median number of examined lymph nodes was higher among 
the younger subjects than in older individuals (9 vs. 7; p < 0.01) and younger patients had more 
frequently positive lymph nodes (N1 and N2) than older individuals (60.3% vs. 44.0%; p < 0.01). Vessel 
invasion was also more often detected in younger than older subjects (43.3% vs. 34.0%; p = 0.03).

TABLE 2. Subject and tumor characteristics of colon cancer 1955-2004 by age groups.

Variables Categories Overall no. 
(%)

Age ≤ 49 years Age ≥ 50 years P

N = 2293 N = 143; 6.2% N = 2150; 93.8%

Male sex 50.1 49.0 50.1 0.78

Resection rate 79.4 88.1 78.8 <0.01

Tumor location, right vs 
left colon

N = 2133 N = 139 N = 1994 0.11

Right colon 50.4 43.9 50.9

Left colon 49.6 56.1 49.1

Tumor location, colon 
subsites

N = 2133 N = 139 N = 1994 0.54

Coecum 21.2 15.8 21.6

Ascending 15.7 13.7 15.8

Right flexure 4.2 4.3 4.2

Transverse 9.3 10.1 9.3

Left flexure 3.4 2.9 3.5

Descending 8.5 7.9 8.5

Sigmoid 37.6 45.3 37.1

Tumor size (mm) N = 1847 N = 124 N = 1723 0.23

Median (IQR) 4.5 (3.5-6.0) 4.5 (3.5-6.0) 4.5 (3.5-6.0)

Macroscopic 
appearance

N = 1814 N = 121 N = 1693 0.03

Polypoid 23.8 15.7 24.3

Non-polypoid 76.2 84.3 75.7

Annular tumor growth N = 1814 N = 121 N = 1279 0.20

Annular 35.1 40,5 34.7

Not annular 64.9 59,5 65.3

Histological type N = 2133 N = 139 N = 1994 0.64

Adenocarcinoma, 
NOS

90.1 87.8 90.2

Mucinous 
adenocarcinoma

7.5 9.4 7.4

Other types 2.4 2.9 2.4
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TABLE 2. Subject and tumor characteristics of colon cancer 1955-2004 by age groups (continued).

Variables Categories Overall no. 
(%)

Age ≤ 49 years Age ≥ 50 years P

Tumor grade (only for 
adenocarcinoma)

N = 1914 N = 122 N = 1792 0.42

Grade I (well 
differentiated)

12.9 9.0 13.1

Grade II (moderately 
differentiated)

74.1 77.9 73.9

Grade III (poorly 
differentiated)

13.0 13.1 13.0

Invasive margin N = 1960 N = 129 N = 1831 0.02

Expanding 50.7 41.1 51.3

Infiltrating 49.3 58.9 48.7

Peritumoral 
lymphocytic infiltration

N = 1956 N = 129 N = 1827 0.45

Present 30.1 27.1 30.3

Absent 69.9 72.9 69.7

Depth of tumor 
infiltration, T

N = 1967 N = 131 N = 1836 0.07

T1+T2 12.8 7.6 13.2

T3+T4 87.2 92.4 86.8

Vessel invasion N = 1899 N = 127 N = 1772 0.03

Present 34.6 43.3 34.0

Not present 65.4 56.7 66.0

No. of examined lymph 
nodes

N = 1955 N = 129 N = 1826 <0.01

Median (IQR) 7 (3-12) 9 (5-16) 7 (3-11)

Nodal status, N N = 1768 N = 121 N = 1647 <0.01

N0 54.9 39.7 56.0

N1 30.1 40.5 29.4

N2 15.0 19.8 14.6

Distant metastases, M N = 2094 N = 138 N = 1956 0.13

M0 77.0 71.7 77.4

M1 23.0 28.3 22.6

AJCC tumor stage N = 1934 N = 131 N = 1803 0.09

I 8.4 4.6 8.7

II 38.2 32.1 38.6

III 28.5 33.6 28.2

IV 24.9 29.8 24.5
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Younger patients tended to have left-sided colon cancer, annular tumors, mucinous tumors, 
fewer well diff erentiated (grade I) tumors, less peritumoral lymphocytic infi ltration, more distant me-
tastases and more advanced stage at diagnosis although the relative diff erence was small (3-10%) 
and statistically insignifi cant. There was hardly any diff erence between cancers in the age groups 
regarding gender and tumor size.

Using the R/L ratio as a measure of the left-to-right shift with age, the change is shown in fi gure 
1. It is readily seen that with increasing age of women, increasingly more cases of colon cancer occur 
in the right colon. The ratio for women is around 1 at the age of 60 years. The slope of the regression 
line for women diff ers signifi cantly from zero (slope 0.34, p < 0.01, 95% CI 0.19-0.48). The age-related 
shift of colon cancer is diff erent for men with more cases occurring in the right than left colon in 
patients younger than 50 years. The ratio is almost 1 for men aged 50-59 and left-sided tumors 
are more common in men aged 60-69 after which there is a steady increase in right-sided tumors 
although the increase is less pronounced than in women. The slope of the regression line for men 
aged 60 years and older diff ers signifi cantly from zero (slope 0.17, p = 0.03, 95% CI 0.05-0.30).

FIGURE 1. Right/left colon ratio by age and gender.

DISCUSSION

Through population-based examination of 2293 colon cancer patients in Iceland, reviewing ret-
rospectively all pathology material, we have shown that there is a signifi cant clinicopathological 
diff erence between right- and left-sided colon cancers. We have also demonstrated a diff erence 
between younger and older patients. Firstly right-sided colon cancer diff ered from left-sided colon 
cancer with right-sided lesions more often expressing an aggressive pathology profi le, depicted 
both in stage and morphological variables. Secondly younger patients presented more frequently 
with adverse pathology parameters than older patients. Thirdly the frequency of right- and left-sided 
colon cancer diff ers by age and gender with relatively high frequency of right-sided tumors in older 
females and younger males.
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Increasing evidence suggests that the various differences in right- and left-sided colon cancer 
may partly be due to differences between the normal right and the left colon, including different 
embryological origins, physiological and biological properties and gene expression profiles, that 
predispose the tumors originating at these sites to develop along different pathways.4,5,15 Further-
more, accumulating evidence suggests that environmental and genetic risk factors are different for 
right and left colorectal tumors. For example cholecystectomy, high dietary fat intake and Lynch 
syndrome being related to right-sided lesions and high protein intake and familial adenomatous 
polyposis being related to left-sided tumors.4

Consistent with our results previous reports have indicated more frequent occurrence of muci-
nous phenotype16,17 and other more rare tumor types18,19, high-grade tumors20-22 and non-polypoid-
type tumors23 in right-sided lesions.

Right-sided colon cancers presented at more advanced stage than left-sided tumors. This is in 
agreement with some previous studies17,20,21,24 but contradicts with the observation of others.25,26 
Our study also showed that right-sided tumors were more advanced with regard to tumor size and 
vessel invasion. Larger lesions in the right colon have also been demonstrated in previous stud-
ies.20,21,25,27 However, a comparison of vascular invasion between tumors in the right and left colon 
has rarely been performed. In this regard, we found only 1 study and it did not indicate a difference.21

When comparing right- and left-sided lesions the differences in percentages for factors with 
statistically significant outcome were between 5% and 17%. We are unaware of previous studies 
evaluating right and left differences with regard to annular tumor growth, tumor border configura-
tion or peritumoral lymphocytic infiltration.

Some of the non-stage related factors, which were more dominant in right-sided tumors, have 
been linked to worse prognosis, including non-polypoid macroscopic appearance28-30, high grade 
tumors, infiltrating-type tumor border configuration and vascular invasion.12 Reports have both sup-
ported31,32 and refuted19,33,34 the poorer prognosis of mucinous histology. Some rarer histology types, 
including signet ring cell carcinoma and undifferentiated carcinoma, show worse prognosis than 
adenocarcinoma.19,35 Annular tumor growth, which was slightly more frequent in left-sided lesions 
in our study, has been related to worse prognosis.30

Our findings support the theory that tumor location is an important variable affecting tumor 
characteristics in colon cancer, both stage-related factors and tumor phenotype variables. The reason 
for right-sided colon cancer to present at higher stage is unclear but the fact that these tumors more 
frequently expressed more aggressive phenotype depicted in grade, type, macroscopic appearance 
and tumor border configuration could have contributed to the higher metastatic potential. Delay in 
detection might also influence the difference. Worse prognosis of right colon cancer is a matter of 
controversy. Some recent large studies on prognosis have indicated that right-sided lesions confer 
worse prognosis.20,35,36 Other studies have not supported this.37,38 It is our intention to address this 
question in a survival study.
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In this study, we also examined and compared tumor features of younger (<50) with older (≥50) 
patients. Colon cancer is rarely detected before the age of 50 years. In this study patients under the 
age of 50 years with colon cancer constituted 6.2% (n = 143) of the 2293 patients which is similar 
to what others have reported.3,27 Variable study designs on age differences in colon and sometimes 
colorectal cancer make comparisons difficult and age differences have been reported with conflict-
ing results.2 In addition, since fewer patients do undergo surgery in the older age group, as reported 
in some other studies36 concurrent with our findings, selection bias can not be excluded.

Some studies have reported more frequent occurrence of advanced tumors and mucinous and 
high-grade phenotype in young patients. The difference in percentages is usually less than 10% 
although larger in some studies2,3,27,28,39 These studies have frequently analyzed patients under the 
age of 40 years which might explain why we did not confirm these results in significance testing 
although our current study did reveal trends towards higher percentage of mucinous adenocar-
cinoma and stage III and IV tumors in patients under the age of 50 years. Although the reasons for 
these discrepancies remain unclear, it is possible that both environmental and genetic factors play 
some role. This might partly be explained by the fact that we did not grade mucinous adenocarci-
nomas or other rare histological types, which frequently are automatically defined as high grade.8

In our study the younger age group had somewhat worse pathology profile than the older 
patient population with significantly more frequent occurrence of tumor positive lymph nodes, 
vessel invasion, non-polypoid lesions and infiltrating tumor border configuration. The differences 
in percentages were between 8% and 16%. One study from China did not indicate any statistically 
significant relationship between the type of macroscopic appearance and three age groups (<40, 
40-69, 70+).28 We did not find previous studies examining the correlation between age and vessel in-
vasion, peritumoral lymphocytic infiltration, tumor border configuration nor annular tumor growth.

Our findings of higher number of examined lymph nodes in younger patients and right-sided 
lesions have been reported in previous studies.20,22,40 This correlates well with the more frequent 
occurrence of vessel invasion in right colon cancer and in the patient group younger than 50 years. 
It is not clear whether the higher lymph node yield in younger patients and right-sided tumors, 
imparts higher detection rate of lymph node metastases, or if lymph nodes are more easily detected 
in cases with nodal metastases thus improving the lymph node harvest. Furthermore, compassion 
bias with regard to the younger age group cannot be excluded. The lymph node yield was relatively 
low considering the modern standards of minimum 12 lymph nodes studied for accurate staging 
but we noted a steady increase of lymph nodes with time. There was a tendency towards more 
frequent occurrence of distant metastases in right-sided colon cancer and the younger patient 
group although this difference did not proof statistically significant.

It is of note that right-sided lesions have more frequently been related to high level of microsatel-
lite instability (MSI)5 and the presence of MSI, both in sporadic and hereditary tumors, has been as-
sociated with improved survival.12 This might also apply for young patients since a higher proportion 
of those have Lynch syndrome.14
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Studies using a age-period-cohort modeling of incidence rates of colorectal cancer in Connecti-
cut (US) and Denmark indicate etiologic distinctions between cancer in the cecum and ascending 
colon vs. in other parts of the colon in females.41 In our study we demonstrated a gradual increase 
in the ratio of right to left colon cancer with age of female patients. This is consistent with several 
population-based reports.4,5 In male subjects, on the other hand, right-sided lesions predominated 
in younger and older age groups with greater number of left colon cancer in middle age patients. 
The reason for this gender difference in tumor location of younger colon cancer patients is not clear.

It has been estimated that hereditary colorectal cancer syndromes account for approximately 
5% of cases diagnosed each year.42 Tumors of Lynch syndrome are likely to be observed in relatively 
younger patients and in the right colon. Familial adenomatous polyposis occurs more frequently 
the left colon.5,14 In this regard it would be interesting to know how large this group precisely is in 
the Icelandic population. In a population-based study from Italy14 inherited colorectal tumors (Lynch 
syndrome and FAP) accounted for 38% of patients < 40 years, 17% of patients 41-50 years, 10% of pa-
tients aged 51-55 and 3-4% of individuals older than 55. In an Icelandic population-based study from 
2006 on familial risk of colorectal cancer in Iceland43 the investigators observed an increased risk of 
colon cancer among siblings of colon cancer patients, whereas no such increase was observed for 
parents or offspring. Higher association in siblings has been explained by a recessive gene action 
or shared environment. Association in parents and offspring has been linked to dominant inherited 
trait like Lynch syndrome and FAP. The authors concluded that the low risk of colon cancer in parents 
and offspring in that study could be due to fewer dominantly inherited mutations in the Icelandic 
population.

The main strength of this study is that it is the only complete nation-wide population based 
study on this subject available in the literature with a large number of patients and thorough review 
of all histology material, thereby minimizing the risk of any selection bias. Some potential limitations 
of our study require further discussion. Firstly, selection bias can arise from cases with missing values 
in such a retrospective analysis. Secondly, especially in the earlier years of this study the assessment 
of distant metastases may have been less accurate than in the latter years of the research period. 
Thirdly, we do not have information on the proportion of heritable colon cancer cases in our popula-
tion. This would have been interesting, as it would give insight into the possible impact of heritable 
colon cancer on the observed sub-site and age differences.

In conclusion, a comparison of right and left colon cancer indicates several variations in clinico-
pathological features, especially that right-sided lesions more frequently display aggressive features 
depicted in higher stage and grade, infiltrating tumor border configuration, histological type, tumor 
size, vessel invasion and macroscopic appearance. This possibly supports the theory of a different 
etiology and a possible difference in carcinogenesis of tumors at the two sites and confirms the 
importance of sub-site division, for example in clinical trials. Moreover, frequency of right- and left-
sided colon cancer differs by age and gender with relatively high frequency of right-sided tumors in 
older females and younger males. Finally, there were some disparities between younger and older 
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patient population with more frequent occurrence of adverse factors in patients younger than 50 
years of age.
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