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Abstract

Background: In Iran, the incidence of colorectal cancer has been increasing over the last 25 years. Although left-sided colon cancers
are still more common, several studies in recent years have shown a shift toward right colon. This rightward shift could have impor-
tant clinical and healthcare consequences, as right-sided tumors generally have poorer prognoses compared to left-sided tumors
and besides, are more likely to be missed in screening colonoscopy.

Objectives: This retrospective study aimed at describing the demographic and clinicopathologic characteristics of patients with
colon cancer based on tumor sidedness in two referral hospitals in Tehran.

Methods: Data of the patients with colon cancer who had been treated from 2010 to 2020 in two referral hospitals in Tehran, Iran
were retrospectively reviewed. Collected data included patients’ demographics, tumor histology and differentiation, tumor loca-
tion, stage, and disease-free survival (DFS).

Results: A total of 1535 cases entered the study including 849 (55.3%) males and 686 (44.7%) females with a mean age of 58.22 years
(range: 22-89). Regarding the sidedness, 800 (52.1%) had left-sided and 735 (47.9%) had right-sided tumors. Although there were more
cases of left-sided tumors compared to right-sided ones in total, there existed a trend toward shifting to the right side, which was
statistically significant. There existed more cases of poorly differentiated tumors in the right side and besides, right-sided tumors
had poorer DFS compared to the left-sided tumors (68.3% vs 78.3%).

Conclusions: Left and right colon tumors differ in molecular mechanisms involved in tumorigenesis. These differences in epidemi-
ological, molecular and histological parameters can have clinical implications. Tumor-sidedness should be acknowledged as an
important epidemiological parameter with significant impacts on screening, tumorgenesis, response to treatment, and prognosis.
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. Background different treatment responses and prognoses.

Worldwide, colon cancer is one of the most common

causes of cancer- related mortality and morbidity (1). 2. Objectives

During thelast 25 years, the incidence of colorectal can- In this retrospective study, we aimed at describing clin-
cerhasincreased inIran and based on the national registry, icopathologic characteristics of patients with colon cancer
it is the third most common cancer in Iran following can- in two referral hospitals in Tehran, based on tumor sided-

cers of the breastand stomach with anannualincidenceof  ness.
more than 7100 cases (2).
Although colon cancers are still more common on the

3. Methods
left side, many studies in recent years have shown a shift
toward the right colon (1, 3). 3.1. Study Design and Setting
The right (proximal) and left (distal) sides of the colon Data of the patients with colon cancer who had been

differ in their embryological origins and their tumors have treated from 2010 to 2020 at Imam Hossein University hos-
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pital and Milad General hospital in Tehran, Iran were retro-
spectively reviewed.

3.2. Eligibility Criteria

All patients who had been treated for colon cancer
from 2010 to 2020 in the two referral hospitals and whose
files contained the essential information entered the study
(all available cases). Patients with a histologic diagnosis
other than adenocarcinoma and patient with more than
one synchronous tumor on both sides of the colon (based
on the definition) were excluded. Besides, tumors located
at the rectosigmoid junction were classified as rectal tu-
mors and were excluded from the study.

3.3. Definition of Sidedness

Tumor location was determined mainly based on the
surgical reports, as well as data obtained from colonoscopy
and imaging.

Right-sided tumors were defined as tumors located in
the cecum, ascending colon, hepatic flexure, and trans-
verse colon, and left-sided tumors were defined as tumors
located in the splenic flexure, descending colon, and sig-
moid (1).

Tumor locations were determined for every year of the
specified period and logistic regression analysis was per-
formed to determine the possible change in the prevalence
of tumor location during the study period.

3.4. Statistical Methods

The association between gender and age with the
anatomical location was assessed by the chi-squared
and/or Fisher exact tests. A P-value of less than 0.05 was
considered significant. For non-parametrical assessment,
the Mann-Whitney U test was used.

3.5. Ethical Approval Committee

Research ethics committee of Shahid Beheshti Univer-
sity of Medical Sciences.

4. Results

Among 1535 cases, 800 (52.1%) had left-sided and 735
(47.9%) had right-sided tumors. The most frequent tumor
location was the sigmoid colon (549 cases, 35.8%) followed
by the cecum (319 cases, 20.8%).

The patients included 849 (55.3%) males and 686 (44.7%)
females with a mean age of 58.22 years (range: 22 - 89).
The mean age of patients with left-sided and right-sided tu-
mors was 58.37 (SD=13.2) and 58.07 (SD =13.8) years, respec-
tively, which showed no difference between the two sides
(P=0.66).

Among patients from left-sided tumors, 381 (47.6%)
were female, while on the right side, 305 (41.5%) patients
were female and this difference was statistically significant
(P=0.016).

The most frequent grade was moderately differenti-
ated (797 cases, 51.9%) followed by well-differentiated (539
cases, 35.1%) carcinomas.

The proportion of well-differentiated tumors was the
same on both sides (271 (50.3%) on the left and 268 (49.7%)
in right). There were more cases of moderately differenti-
ated tumors on the left side (450 (56.3%)) compared to the
right side (347 (47.2%)). However, the proportion of poorly
differentiated tumors was much higher on the right side
(120 (60.3%)) compared to the left side (79 (39.7%)), and this
difference was statistically significant (P = 0.0001).

In patients who had undergone surgery, the most fre-
quent T-stage was T3 (70.7%), followed by T4 (16.6%), T2
(12.2%), and T1 (0.6%). The most frequent N-stage was NO
(60.2%) followed by N1(26.3%) and N2 (13.5%).

For analysis, we excluded the patients who had not un-
dergone surgery (mainly metastatic patients).

The mean numbers of harvested and involved lymph
nodes were 11.3 (range: 0 - 73, SD: 7.2) and 1.45 (range: O - 25,
SD: 2.8), respectively.

The mean number of harvested lymph nodes on either
side did not reach statistical significance (11.8 and 10.45 in
right and left, respectively).

The ratio of involved nodes ranged from 0 -1 (mean =
0.13, SD = 0.227). The ratio of involved nodes was not statis-
tically different between the two sides (P = 0.382).

Among 1341 patients who had undergone surgery
(87.4% of all patients), 55 (4.1%) had positive surgical mar-
gins, which was the same on both sides (27 on theright side
and 28 on the left side).

In our study, 313 (20.4%) patients presented with de
novo distant metastasis.

Among these 313 cases, 139 (44.4%) belonged to the right
side primary and 174 (55.6%) to the left side and this differ-
ence was meaningful (P=0.02).

Among patients with metastatic disease at presenta-
tion, the most frequent location of metastasis was the liver
(55%) followed by the lung (18%) and peritoneal cavity (11%).

Among 136 patients who developed metachronous
metastases, the most frequent location was the liver (45%)
followed by the peritoneal cavity (17%). There was no differ-
ence between the locations of metastases on the two sides.

Data on lymphovascular and perineural invasion (LVI
and PNI) were missing in 89 and 223 patients, respectively.
The frequency of positive LVI and PNI was 41.6% and 33.9%,
respectively in the total cohort of patients.

The number of patients with positive LVI on the right
side was significantly higher than that of the left side (P =
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0.002).

Both sides showed similar rates of positivity for PNI (P
=0.227).

Table 1shows the frequency of colon cancer in different
locations.

Table 1. Frequency of Colon Cancer in Different Locations

Location No. (%)
Sigmoid 549(35.8)
Cecum 319 (20.8)
Ascending colon 248(16.2)
Descending colon 194 (12.6)
Transverse colon 134 (8.7)
Splenic flexure 57(3.7)
Hepatic flexure 34(22)
Total 1535 (100)

Table 2 shows the demographics and clinical character-
istics of patients with colon cancer between 2010 and 2020.

Figure 1 shows that although there were more cases
of left-sided tumors compared to right-sided ones in total,
there exists a trend toward shifting to the right side, which
was statistically significant (P=0.004).

Disease-free survival (DFS) was defined as the length of
time after surgery to the first radiological or pathological
evidence of recurrence. Patients with metastasis at presen-
tation were excluded from the DFS analysis.

Two-year DFS for the patients with left-sided tumors
was 78.3% compared to 68.3% for right-sided ones, and this
difference was statistically significant (P = 0.01).

5. Discussion

Similar to many other studies, our study showed a
change in the anatomical distribution of colon cancer with
arightward shift (1, 4).

The right and left sides of the colon differ in their em-
bryological origins. The part extending from the cecum to
the proximal two- thirds of the transverse colon originates
from the midgut, and the distal third of the transverse
colon to the upper anal canal derives from the hindgut
and as a result, there are major differences between these
two parts in terms of blood supply, innervation, lymphatic
drainage, and lumen environment (3, 5).

Furthermore, probably due to differences in gut micro-
biota, the mucosal immunologic environment of the right
colon is different from that of the left colon.

Eosinophils and intraepithelial T-cells are found in
higher concentrations in the proximal colon, a fact that
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might explain the increased immune activity and the im-
munological response observed in tumors arising in the
proximal colon (5).

Previous studies have shown mixed results regarding
the rightward shift.

This conflicting result, apart from geographical distri-
bution, race, number of evaluated cases, and other con-
founding factors, to some extent comes from the contro-
versies in the exact definition of the right and left colon
(anatomical location of the splenic flexure).

According to the widely accepted definition, right
colonisdefined as the part of the colon extending from the
cecum to the splenic flexure (5, 6).

By considering the distal transverse colon as the place
where the right and left sides of the colon are defined,
the right colon includes the cecum, ascending colon, liver
flexure, and transverse colon and the left colon includes
splenic flexure, descending colon, and sigmoid colon.

In this study we followed this widely accepted defini-
tion and considered the splenic flexure as a part of the left
colon, however, some studies have considered splenic flex-
ure as a part of the right colon.

A study by Cucino et al. showed that between 1970
and 2000, there was a meaningful increase (16% - 22%) in
the proportion of proximal lesions. They considered the
splenic flexure as a part of the right colon, a fact that might
have had an impact on the results (7).

Toyoda et al. reported that the proportions of right
colon cancer among was consistently increased from 1974
to 2003 (from 21.5% to 25.6% in men, and from 28.2% to
36.8% in women). They also considered the splenic flexure
as a part of the right colon (8).

Larsen and Bray by evaluating 102,882 cases from 1962
to 2006 reported that right-sided tumors continued to in-
crease in both genders. They also considered the splenic
flexure as a part of the right colon (9).

A study by Omranipour et al. on 157 Iranian patients
from 1994 to 2009 did not show an increase in the propor-
tions of right-sided cancers (there was only a slight and
non-significant rightward shift in females). They consid-
ered the splenic flexure as a part of the left colon (1).

Hosseini et al. (10) analyzed the data on all colorectal
cancer cases from 1970 to 2000 in Shiraz, Iran (based on the
cancerregistry),and demonstrated that the distribution of
malignancy in both sides was almost equal with no signif-
icant changes during time. They did not mention their ex-
act definition of sidedness.

Kashfi et al. (11) by assessing 258 patients in Iran from
2008 to 2013, found a higher occurrence of right-sided
colon cancers (although statistically non-significant) and
concluded that the pattern of the anatomical distribu-
tion of colorectal tumors has shifted toward the proximal
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Table 2. Demographics and Clinical Characteristics of Patients with Colon Cancer Between 2010 and 2020 *

Tumor Location
Variable (Analyzed Cases ) All Patients (N =1535) P-Value
Left Right
Gender (1535)
Male 849 (55.3) 419 (49.4) 430 (50.6) 0.009
Female 686 (44.7) 381(55.5) 305 (44.5) 0.009
Mean age, y (1535) 58.22 58.07 58.37 0.691
Grade (1535) 0.000
Well diff 539 (35.1) 271(50.3) 268(49.7)
Mod diff 797 (51.9) 450 (56.3) 347(47.2)
Poorly diff ¢ 199 (13) 79 (39.7) 120 (60.3)
2-year DFS ¢ (1222) 897(73.4) 489(624(78.3)  408/597(68.3) 0.001
Involved surgical margin (1341) 50 (4.1) 28 (51) 27(49) 0.231
De novo metastasis (1529) 313(20.3) 174 (55.6) 139 (44.4) 0.02
Positive LVI (1446) 601(41.6) 284(47.3) 317 (52.7) 0.002
Positive PNI (1312) 445(33.9) 221(32.9) 224(35.0) 0.227

? Values are expressed as No. (%).

® Due to missing data, number of different analyzed variables might be less than the total number of cases.

¢ Including undifferentiated carcinomas.
d Excluding de novo metastatic patients.
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Figure 1. Frequency of right-sided and left-sided tumors based on the year of diagnosis. There was a statistically significant right-sided shift in the location of the colon

malignancies (P=0.004).

colon. They did not mention their exact definition of sid-
edness.

Jalali and Jalali (12) in their study on 182 patients from
1990 to 2000 concluded that the site of colorectal carci-
noma in Iran has shifted to distal, which is in the opposite

direction of the majority of cases worldwide. They also did
not clearly mention their exact definition of sidedness.

In the study of Ulanja et al. (6) on 163,980 patients,
there were more cases of right-sided tumors than left-sided
ones (52.3% and 47.7%, respectively). They considered the
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splenic flexure as a part of the left colon.

Recent data shows that localization of the tumor has
important impacts on the early detection, presentation,
molecular characteristics, management, and prognosis of
patients with colon cancer (5, 11).

5.1.Age

Data on the relation between age and tumor sidedness
is mixed. Available data shows that individuals with right-
sided cancers tend to be older (6, 13-16). Omranipour et al.
(1) did not find any difference between the ages of the pa-
tients on either side of the colon (mean ages of 55.4 and
54.5 years for the left and right sides, respectively).

We also did not find a difference between the ages of
the patients on either side of the colon.

5.2. Gender

Similar to age, the data on the relation of gender and
tumor sidedness is mixed. Some studies have suggested
that the proportion of female patients was higher on the
right side (3, 13,17). Omranipour et al. (1) showed a slightly
higher proportion of women diagnosed with left-sided
colon cancer. Similar to this study, we also found that while
the proportion of male patients was the same on two sides,
female patients were more likely to develop left-sided dis-
ease.

5.3. Pathology and Stage

Right-sided tumors are more likely to have mucinous
or signet ring cell histology and to be T3 or T4 at presenta-
tion (6, 13,17).

A study by Ulanja et al. (6) on 163,980 patients showed
that right-sided tumors were more likely to be N2 and T4,
while there was no difference in the proportion of patients
with de novo stage IV disease between the two sides.

Omranipour et al. (1) did not find any correlation be-
tween the tumor stage and its anatomical distribution.

In our study,among 199 cases of poorly diff tumors, 120
(60.3%) were located on the right side and 79 (39.7%) on the
left side, and this difference was significant.

In contrast to several other studies that have reported
a higher proportion of de novo metastatic patients in the
right side primaries, our study demonstrated a higher pro-
portion of de novo metastasis in the left-sided tumors and
this difference reached the statistical significance (55.6%
and 44.4% in left and right sides, respectively, P = 0.02).

Int ] Cancer Manag. 2022;15(12):e128897.

5.4. Screening

Colonoscopy is considered the gold-standard modal-
ity for colorectal cancer screening. However, the sensitiv-
ity and specificity of this modality are lower in the proxi-
mal colon compared to the distal part (11, 18). One study
on more than 4800 cases suggested that about1in 13 cases
of colorectal carcinoma might be missed by colonoscopy.
In that study, 11.3% of tumors in cecum, ascending colon
and hepatic flexure and 11.7% in the transverse colon and
splenic flexure had been missed by colonoscopy, while this
figure for the left colon was 6% (19).

A study by Xiang et al. on 2093 patients with colorec-
tal adenomas concluded that during colonoscopy, small
and flat neoplastic lesions located in the right colon had
a higher probability to be missed (20).

In case of the presence of right-sided shift, this issue
could have important health-care consequences.

5.5. Presentation

Right-sided tumors more commonly present with iron
deficiency anemia, intestinal perforation, and obstruction
while changes in bowel habits and rectal bleeding are
more common in left-sided tumors (3, 5).

Because of the larger diameter of the right colon, pa-
tients with proximal tumors generally have delayed onset
of clinical symptoms, which can result in delayed diagno-
sis and more advanced disease at presentation (13).

5.6. Molecular Features

From a molecular point of view, right-sided and left-
sided tumors vary considerably. While defects in mismatch
repair genes (MMR) and mutations in KRAS and BRAF are
more prevalent on the right side, left-side tumors are more
commonly associated with mutations in p53 and NRAS (3,
17).

Differences in molecular mechanisms denote distinc-
tions in tumorigenesis and progression between left and
right colon tumors that have an important impact on mak-
ing decisions for the management of each side (3, 21).

5.7. Chromosomal Instability

Eighty-five percent of colorectal cancers result from a
type of genomic instability called chromosomal instabil-
ity (CIN). This abnormality can result in the inactivation of
tumor-suppressor genes and the activation of oncogenes
(22).

As the main carcinogenesis mechanism of colon can-
cer, CIN differs by the location of the primary tumor: 75%
of left-sided tumors and 30% of right-sided tumors are re-
lated to the CIN oncogenic pathway (3).
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5.8. Microsatellite Instability

Microsatellite instability (MSI) results from impaired
DNA mismatch repair (MMR) genes. Recent evidence in-
dicates that most microsatellite instable (MSI-H) tumors
originate from the right side of the colon (3, 23, 24).

5.9.RAS

RAS (KRAS, NRAS), which is activated and/or overex-
pressed in many cases of colon cancer, is a key downstream
effector of EGFR (3). A recent meta-analysis demonstrated
that the prevalence of KRAS mutations was significantly
higher on the right side of the colon compared to the left
side (46.3% and 35.8%, respectively, P < 0.0001) (25).

5.10. BRAF

BRAF mutation occurs in 2.5% - 20% of colorectal carci-
nomas (3).

Many studies have demonstrated that the BRAF muta-
tion is more prevalent in right-side tumors compared to
theleft side (18.4% -22.4% inright-sided and 1.3%-7.8% in left-
sided tumors) (3, 25).

5.11. Consensus Molecular Subtypes (CMSs)

Four biological consensus molecular subtypes (CMSs)
have been defined in colorectal carcinoma. CMSI (mi-
crosatellite unstable) and CMS3 (metabolic) are more
prevalent in right-sided malignancies (13).

CMS classification has potential clinical implications
in patient management such as determining the type of
chemotherapy in stage II or metastatic colorectal cancers.
In addition, it can be used for designing novel agents that
target specific pathways in each molecular subtype (26).

5.12. Patient Management

Agrowing body of evidence has denotes important dif-
ferences between the right and left colon in terms of sen-
sitivity to adjuvant, targeted and palliative therapies, and
has suggested that these two sides should be regarded as
two heterogeneous entities (3).

Several studies have shown different responses to spe-
cific adjuvant chemotherapy regimens between the two
sides of the colon.

Elsaleh et al. (as cited by Shen et al.) reported that
the survival benefits of adjuvant chemotherapy in stage III
colon cancer were mainly observed in the right- sided tu-
mors and the benefits on the left side were not significant
(3).

Patients with MSI-H status (which is more common
in the right side tumors) gain little benefit from 5-FU

based adjuvant chemotherapy. This fact is of utmost im-
portance, especially while making treatment decisions for
completely resected patients with stage Il disease (3, 5).

In patients with metastatic colorectal cancer (mCRC)
receiving palliative therapy, the survival rate is different
based on the location of the primary tumor (3).

Price et al. (27) by evaluating 2972 patients with mCRC
reported that among the patients who only received basic
supportive care, survival was worse for patients with right-
sided tumors. When active therapy was offered, median OS
of patients with right-sided and left-sided tumors was 18.2
months and 29.4 months, respectively (P < 0.001).

Besides, there exist reports indicating that mCRC pa-
tients with left- sided tumors are more likely to receive sec-
ond, third, or fourth-line therapy compared to individuals
with right-sided tumors (3).

Therefore, it seems that tumor site can be considered
an independent prognostic factor of survival in patients
with stage IV colon cancer (3).

One explanation for this could be the fact that patients
withright-sided tumors generally have a higher number of
adverse prognostic factors including poorly differentiated
histology and advanced stage at presentation; and these
factors can contribute to their poorer outcomes (3).

5.13. Anti-EGFR Therapy

Cetuximab has been shown to improve the outcome of
mCRC patients who have RAS wild-type tumors. However,
this improvement in survival is, to a great extent, location-
dependent. Several studies have shown that right-sided tu-
mors with wild-type KRAS gain less benefit from cetuximab
(3,5,13).

5.14. Anti-angiogenic Therapy

The benefits of anti-angiogenic therapy appear to be
site-dependent (3).

Previous studies (28) have reported that patients
whose primary tumors were located in the rectum and
sigmoid colon had significantly better outcomes when
treated with bevacizumab, compared to patients with pri-
mary tumors in other locations.

5.15. Pattern of Metastasis

In mCRC, liver is the most common site of metastatic
involvement, especially in left-side tumors. Peritoneal and
lymph node metastases are more commonly associated
with right-sided tumors (3, 13, 17).

Int ] Cancer Manag. 2022;15(12):e128897.
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5.16. Prognosis

A growing body of evidence has shown that the loca-
tion of the primary tumor can affect the outcome in both
adjuvant and metastatic settings (5). In the metastatic
setting, patients with right-sided tumors generally have
worse outcomes compared to those with left-sided tumors
(13,17).

However, this is still a matter of debate. In many stud-
ies survival rates following radical surgery have been re-
ported to be similar between stages I-I1l of both sides of the
colon (3). Results of the study of Benedix et al. on 17641 pa-
tients demonstrated that the 5-year DFS rates for right and
left colon tumors were 73% and 74%, respectively (14).

Moritani et al. (29) analyzed the survival rates of 820
patients with stage I-III colon cancer and concluded that
while there was no significant difference in survival be-
tween stages II and III, in patients with stage I disease,
right-side tumors had a better 5-year DFS compared to left-
side tumors (100% vs 95.2%, P = 0.034).

A meta-analysis of 66 published studies with more
than 1.4 million patients with colon cancer demonstrated
that regardless of stage, the absolute risk of death was 19%
lower in left-sided tumors (5).

Zheng et al. (13) by evaluating 311,239 patients with col-
orectal cancer using the SEER database between 2006 and
2015 concluded that compared with right-sided tumors,
patients with left-sided tumors showed superior OS in ev-
ery stage.

In the study of Ulanja et al. (6) on 163,980 patients, in-
dividuals with left-sided tumors had better OS and cancer-
specific survival (CSS) in stages I, Il and IV, however, in pa-
tients with stage Il disease, OS and CSS were better for right-
sided tumors. For the entire cohort, the 3-year OS for right-
sided and left-sided colon cancer was 67.6% and 72.5%, re-
spectively (P < 0.001). Five-year overall survival was 58.1%
for right-sided and 62.4% for left-sided tumors (P =0.003).
They argued that the older age of the patients with right-
sided colon cancer with accompanying morbidities might
-to some extent- explain the poorer overall survival ob-
served in individuals with right sided cancer. Besides, they
proposed thatanother reason for this worse survival might
berelated to screening; as left-sided cancers are more prob-
able to be found at earlier stages using colonoscopy.

Hur et al. (16) by analyzing the data of 326,712 patients
between 1996 and 2015 reported that compared to right-
sided cases, patients with left-sided tumors had superior
survival rates.

Sinicrope et al. (24) by analyzing the data of 2686 pa-
tients with resected stage III colon cancer who had been
treated with a FOLFOX-based regimen showed that DFS was
longer in left-sided tumors. In patients with an intact mis-
match repair (MMR) system, DFS was superior for patients
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with left-sided tumors. In the group of patients with a defi-
cient MMR system, better DFS was observed in right-sided
tumors.

They concluded thatin general, patients with left-sided
tumors benefit more from FOLFOX, however, the results
might be variable by considering the status of MMR pro-
ficiency.

In their study on 25377 patients, Mukkamalla et al.
reported that right-sided tumors were associated with
poorer outcomes, suggesting the role of underlying molec-
ular or biological variants (30).

Our study, in line with the majority of available data,
showed that patients with right-sided tumors had a worse
2-year DFS compared to the cases with left-sided tumors
(68.3% vs 78.3%, P = 0.001).

5.17. Limitations

The retrospective nature of the study and missing data
in the patients’ files could have impacts on the final re-
sults. Besides, because many patients discontinued their
follow-ups 3 - 4 years following the treatment, providing
data on overall survival was not possible.

5.18. Conclusions

Left and right colon tumors differ in molecular mecha-
nisms involved in tumorigenesis. These differences in epi-
demiological, molecular, and histological parameters can
have clinical implications. Right-sided tumors in general
have more advanced stage, mucinous tumor, increased
risk of peritoneal recurrence and overall, poorer progno-
sis compared to left-sided tumors.

Our study showed a right-sided shift in the last ten
years, a fact that can have important clinical and epidemio-
logical consequences. For instance, right-sided tumors are
more likely to be missed in colonoscopy.

Based on the growing body of evidence, tumor sided-
ness should be acknowledged as an important epidemio-
logical parameter with significant impacts on screening,
tumorgenesis, response to treatment, and prognosis.

Footnotes

Authors’ Contribution: Study concept and design: A. R.
M. and A. G. M.; acquisition of data: S. A. O.; analysis and in-
terpretation of data: R. H.; drafting of the manuscript: A.R.
M. and A. G. M,; critical revision of the manuscript for im-
portant intellectual content: All authors; statistical analy-
sis: R. H.; administrative, technical, and material support:
All authors; study supervision: A. R. M.



MafiARet al.

Conflict of Interests: Funding or Research support:
None; employment: Shahid Beheshti Uni of Med Sci; per-
sonal financial interests: None; stocks or shares in compa-
nies: No; consultation fees: No; patents: No; personal or
professional relations with organizations and individuals
(parents and children, wife and husband, family relation-
ships, etc.): No; unpaid membership in a government or
non-governmental organization: Iranian Society of Radia-
tion Oncology; are you one of the editorial board members
or areviewer of this journal? No.

Data Reproducibility: The dataset presented in the study
is available on request from the corresponding author
during submission or after its publication. The data are
not publicly available because they contain names, phone
numbers and addresses of the patients.

Ethical Approval: This study is approved under the
ethical approval code of IR.SBMU.MSP.REC.1398.868. Link:
ethics.research.ac.ir/IR.SBMU.MSP.REC.1398.868.

Funding/Support: We did not receive any funds or grants
for this manuscript.

References

1. Omranipour R, Doroudian R, Mahmoodzadeh H. Anatomical distri-
bution of colorectal carcinoma in Iran: a retrospective 15-yr study
to evaluate rightward shift. Asian Pac | Cancer Prev. 2012;13(1):279-82.
[PubMed ID: 22502685]. https:|/doi.org[10.7314[apjcp.2012.13.1.279.

2. Yahyazadeh H, Mafi AR, Khatooni E, Beheshti M, Abdollahinejad A.
Lymphovascular and Perineural Invasions Are Independently As-
sociated with Advanced Colorectal Carcinoma. Int | Cancer Manag.
2019;12(11). €95540. https://doi.org/10.5812/ijcm.95540.

3. Shen H, Yang |, Huang Q, Jiang M], Tan YN, Fu JF, et al. Different
treatment strategies and molecular features between right-sided
and left-sided colon cancers. World | Gastroenterol. 2015;21(21):6470-
8. [PubMed ID: 26074686]. [PubMed Central ID: PMC4458758].
https://doi.org/10.3748|wjg.v21.i21.6470.

4. Oribabor FO,Adebayo BO, Aladesanmi T, Akinola DO. Anatomical Sites
of Colorectal Cancer in a Semi-Urban Nigerian Hospital: Is There a
True Rightward Shift. East Afr Med ]. 2013;90(8):248-52. [PubMed ID:
26866111].

5. Aparicio T. Prognostic survival associated with left-sided vs. right-
sided Colon cancer: a systematic review and meta-analysis Petrelli
F, et al (2017) JAMA Oncol 3:211-9. Colon Rectum. 2017;11(3):185-6.
https://doi.org/10.1007/s11725-017-0716-4.

6. Ulanja MB, Rishi M, Beutler BD, Sharma M, Patterson DR, Gullapalli
N, et al. Colon Cancer Sidedness, Presentation, and Survival at Differ-
ent Stages. | Oncol. 2019;2019:4315032. [PubMed ID:30915121]. [PubMed
Central ID: PMC6409047]. https://doi.org[10.1155/2019/4315032.

7. Cucino C, Buchner AM, Sonnenberg A. Continued rightward shift of
colorectal cancer. Dis Colon Rectum. 2002;45(8):1035-40. [PubMed ID:
12195187]. https://doi.org[10.1007/s10350-004-6356-0.

8. Toyoda Y, Nakayama T, Ito Y, Ioka A, Tsukuma H. Trends
in colorectal cancer incidence by subsite in Osaka, Japan.
Jon ] Clin Oncol. 2009;39(3):189-91. [PubMed ID: 19164317].
https://doi.org/10.1093jjco/hyn144.

9. larsen IK, Bray F. Trends in colorectal cancer incidence in Norway
1962-2006: an interpretation of the temporal patterns by anatomic
subsite. Int | Cancer. 2010;126(3):721-32. [PubMed ID: 19688825].
https://doi.org/10.1002/ijc.24839.

1.

12.

13.

14.

15.

16.

18.

19.

20.

21

22.

23.

24.

. Hosseini SV, Izadpanah A, Yarmohammadi H. Epidemiological

changes in colorectal cancer in Shiraz, Iran: 1980-2000. ANZ | Surg.
2004;74(7):547-9. [PubMed ID: 15230787]. https://doi.org/10.1111/j.1445-
2197.2004.03064 X.

Kashfi SM, Nazemalhosseini Mojarad E, Pourhoseingholi MA,
Asadzadeh Aghdaei H, Anaraki F, Zali MR. Evaluation of the left-to-
right shift of colon tumors in Iran: Is the trend changing? | Res Med
Sci. 2015;20(10):978-86. [PubMed ID: 26929764]. [PubMed Central ID:
PMC4746873]. https:|/doi.org[10.4103/1735-1995.172789.

Jalali SA, Jalali SM. The Anatomical Distribution of Colorectal Carci-
noma A Ten - Year Study (1990- 2000). Iran | Public Health. 2002;31(1-
2):45-6.

Zheng C, Jiang F, Lin H, Li S. Clinical characteristics and prognosis of
different primary tumor location in colorectal cancer: a population-
based cohort study. Clin Transl Oncol. 2019;21(11):1524-31. [PubMed ID:
30875062]. https://doi.org/10.1007/s12094-019-02083-1.

Benedix F, Kube R, Meyer F, Schmidt U, Gastinger I, Lippert H, et al.
Comparison of 17,641 patients with right- and left-sided colon can-
cer: differences in epidemiology, perioperative course, histology, and
survival. Dis Colon Rectum. 2010;53(1):57-64. [PubMed ID: 20010352].
https://doi.org[10.1007/DCR.0b013e3181c703a4.

Missiaglia E, Jacobs B, D’Ario G, Di Narzo AF, Soneson C, Budinska E,
et al. Distal and proximal colon cancers differ in terms of molecular,
pathological, and clinical features. Ann Oncol. 2014;25(10):1995-2001.
[PubMed ID: 25057166]. https://doi.org/10.1093/annonc/mdu275.

Hur H, Oh CM, Won Y], Oh JH, Kim NK. Characteristics and Survival
of Korean Patients With Colorectal Cancer Based on Data From the
Korea Central Cancer Registry Data. Ann Coloproctol. 2018;34(4):212-
21. [PubMed ID: 30208684]. [PubMed Central ID: PMC6140370].
https://doi.org[10.3393/ac.2018.08.02.1.

. Hsu YL, Lin CC, Jiang JK, Lin HH, Lan YT, Wang HS, et al. Clinicopatho-

logical and molecular differences in colorectal cancer according to
location. Int ] Biol Markers. 2019;34(1):47-53. [PubMed ID: 30854932].
https://doi.org[10.1177/1724600818807164.

Mik M, Berut M, Dziki L, Trzcinski R, Dziki A. Right- and left-
sided colon cancer - clinical and pathological differences of
the disease entity in one organ. Arch Med Sci. 2017;13(1):157-
62. [PubMed ID: 28144267]. [PubMed Central ID: PMC5206358].
https:|/doi.org[10.5114/[aoms.2016.58596.

Singh H, Nugent Z, Demers AA, Bernstein CN. Rate and predictors
of early/missed colorectal cancers after colonoscopy in Manitoba:
a population-based study. Am | Gastroenterol. 2010;105(12):2588-96.
[PubMed ID: 20877348]. https://doi.org[10.1038/ajg.2010.390.

Xiang L, Zhan Q, Zhao XH, Wang YD, An SL, Xu YZ, et al. Risk fac-
tors associated with missed colorectal flat adenoma: a multicen-
ter retrospective tandem colonoscopy study. World | Gastroenterol.
2014;20(31):10927-37. [PubMed ID: 25152596]. [PubMed Central ID:
PMC4138473]. https://doi.org/10.3748/wjg.v20.i31.10927.

Mukund K, Syulyukina N, Ramamoorthy S, Subramaniam S. Right
and left-sided colon cancers - specificity of molecular mechanisms
in tumorigenesis and progression. BMC Cancer. 2020;20(1):317.
[PubMed ID: 32293332]. [PubMed Central ID: PMC7161305].
https://doi.org[10.1186/512885-020-06784-7.

Rajagopalan H, Nowak MA, Vogelstein B, Lengauer C. The
significance of wunstable chromosomes in colorectal can-
cer. Nat Rev Cancer. 2003;3(9):695-701. [PubMed ID: 12951588].
https://doi.org/10.1038/nrc1165.

Shin US, Cho SS, Moon SM, Park SH, Jee SH, Jung EJ, et al. Is microsatel-
lite instability really a good prognostic factor of colorectal cancer?
Ann Coloproctol. 2014;30(1):28-34. [PubMed ID: 24639968]. [PubMed
Central ID: PMC3953166). https://doi.org/10.3393/ac.2014.30.1.28.
Sinicrope FA, Mahoney MR, Smyrk TC, Thibodeau SN, Warren RS,
Bertagnolli MM, et al. Prognostic impact of deficient DNA mis-
match repair in patients with stage III colon cancer from a ran-
domized trial of FOLFOX-based adjuvant chemotherapy. J Clin On-

Int ] Cancer Manag. 2022;15(12):e128897.


http://www.ncbi.nlm.nih.gov/pubmed/22502685
https://doi.org/10.7314/apjcp.2012.13.1.279
https://doi.org/10.5812/ijcm.95540
http://www.ncbi.nlm.nih.gov/pubmed/26074686
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4458758
https://doi.org/10.3748/wjg.v21.i21.6470
http://www.ncbi.nlm.nih.gov/pubmed/26866111
https://doi.org/10.1007/s11725-017-0716-4
http://www.ncbi.nlm.nih.gov/pubmed/30915121
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6409047
https://doi.org/10.1155/2019/4315032
http://www.ncbi.nlm.nih.gov/pubmed/12195187
https://doi.org/10.1007/s10350-004-6356-0
http://www.ncbi.nlm.nih.gov/pubmed/19164317
https://doi.org/10.1093/jjco/hyn144
http://www.ncbi.nlm.nih.gov/pubmed/19688825
https://doi.org/10.1002/ijc.24839
http://www.ncbi.nlm.nih.gov/pubmed/15230787
https://doi.org/10.1111/j.1445-2197.2004.03064.x
https://doi.org/10.1111/j.1445-2197.2004.03064.x
http://www.ncbi.nlm.nih.gov/pubmed/26929764
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4746873
https://doi.org/10.4103/1735-1995.172789
http://www.ncbi.nlm.nih.gov/pubmed/30875062
https://doi.org/10.1007/s12094-019-02083-1
http://www.ncbi.nlm.nih.gov/pubmed/20010352
https://doi.org/10.1007/DCR.0b013e3181c703a4
http://www.ncbi.nlm.nih.gov/pubmed/25057166
https://doi.org/10.1093/annonc/mdu275
http://www.ncbi.nlm.nih.gov/pubmed/30208684
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6140370
https://doi.org/10.3393/ac.2018.08.02.1
http://www.ncbi.nlm.nih.gov/pubmed/30854932
https://doi.org/10.1177/1724600818807164
http://www.ncbi.nlm.nih.gov/pubmed/28144267
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5206358
https://doi.org/10.5114/aoms.2016.58596
http://www.ncbi.nlm.nih.gov/pubmed/20877348
https://doi.org/10.1038/ajg.2010.390
http://www.ncbi.nlm.nih.gov/pubmed/25152596
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4138473
https://doi.org/10.3748/wjg.v20.i31.10927
http://www.ncbi.nlm.nih.gov/pubmed/32293332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7161305
https://doi.org/10.1186/s12885-020-06784-7
http://www.ncbi.nlm.nih.gov/pubmed/12951588
https://doi.org/10.1038/nrc1165
http://www.ncbi.nlm.nih.gov/pubmed/24639968
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3953166
https://doi.org/10.3393/ac.2014.30.1.28

MafiARet al.

25.

26.

27.

col. 2013;31(29):3664-72. [PubMed ID: 24019539]. [PubMed Central ID:
PM(C3789216]. https:[/doi.org[10.1200/]C0.2013.48.9591.

Bylsma LC, Gillezeau C, Garawin TA, Kelsh MA, Fryzek JP, Sangare
L, et al. Prevalence of RAS and BRAF mutations in metastatic
colorectal cancer patients by tumor sidedness: A system-
atic review and meta-analysis. Cancer Med. 2020;9(3):1044-57.
[PubMed ID: 31856410]. [PubMed Central ID: PMC6997095].
https://doi.org/10.1002/cam4.2747.

Valenzuela G, Canepa ], Simonetti C, Solo de Zaldivar L, Marcelain
K, Gonzalez-Montero ]. Consensus molecular subtypes of colorectal
cancer in clinical practice: A translational approach. World | Clin On-
col. 2021;12(11):1000-8. [PubMed ID: 34909395]. [PubMed Central ID:
PMC8641009]. https://doi.org/10.5306/wjc0.v12.i11.1000.

Price T], Beeke C, Ullah S, Padbury R, Maddern G, Roder D, et al.
Does the primary site of colorectal cancer impact outcomes for pa-

Int ] Cancer Manag. 2022;15(12):e128897.

28.

29.

30.

tients with metastatic disease? Cancer. 2015;121(6):830-5. [PubMed ID:
25377235]. https://doi.org/10.1002/cncr.29129.

Boisen MK, Johansen ]S, Dehlendorff C, Larsen JS, Osterlind K, Hansen
], etal. Primary tumor location and bevacizumab effectiveness in pa-
tients with metastatic colorectal cancer. Ann Oncol. 2013;24(10):2554-
9.[PubMed ID: 23864097]. https://doi.org/10.1093/annonc/mdt253.
Moritani K, Hasegawa H, Okabayashi K, Ishii Y, Endo T, Kitagawa
Y. Difference in the recurrence rate between right- and left-sided
colon cancer: a 17-year experience at a single institution. Surg To-
day. 2014;44(9):1685-91. [PubMed ID: 24126535]. [PubMed Central ID:
PMC4138436]. https://doi.org[10.1007/s00595-013-0748-5.
Mukkamalla SKR, Somasundar P, Rathore B. Prognostic Impact of Tu-
mor Status, Nodal Status and Tumor Sidedness in Metastatic Colon
Cancer. Cureus. 2020;12(11). e11444. [PubMed ID: 33329946]. [PubMed
Central ID: PMC7734889]. https://doi.org/10.7759/cureus.11444.


http://www.ncbi.nlm.nih.gov/pubmed/24019539
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3789216
https://doi.org/10.1200/JCO.2013.48.9591
http://www.ncbi.nlm.nih.gov/pubmed/31856410
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6997095
https://doi.org/10.1002/cam4.2747
http://www.ncbi.nlm.nih.gov/pubmed/34909395
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8641009
https://doi.org/10.5306/wjco.v12.i11.1000
http://www.ncbi.nlm.nih.gov/pubmed/25377235
https://doi.org/10.1002/cncr.29129
http://www.ncbi.nlm.nih.gov/pubmed/23864097
https://doi.org/10.1093/annonc/mdt253
http://www.ncbi.nlm.nih.gov/pubmed/24126535
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4138436
https://doi.org/10.1007/s00595-013-0748-5
http://www.ncbi.nlm.nih.gov/pubmed/33329946
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7734889
https://doi.org/10.7759/cureus.11444

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Design and Setting
	3.2. Eligibility Criteria
	3.3. Definition of Sidedness
	3.4. Statistical Methods
	3.5. Ethical Approval Committee

	4. Results
	Table 1
	Table 2
	Figure 1

	5. Discussion
	5.1. Age
	5.2. Gender
	5.3. Pathology and Stage
	5.4. Screening
	5.5. Presentation
	5.6. Molecular Features
	5.7. Chromosomal Instability
	5.8. Microsatellite Instability
	5.9. RAS
	5.10. BRAF
	5.11. Consensus Molecular Subtypes (CMSs)
	5.12. Patient Management
	5.13. Anti-EGFR Therapy
	5.14. Anti-angiogenic Therapy
	5.15. Pattern of Metastasis
	5.16. Prognosis
	5.17. Limitations
	5.18. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 

	References

