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Abstract

Colorectal cancer is the third most common cancer worldwide with a
high mortality rate at the advanced stages. However, colorectal can-
cer is not a single type of tumor; its pathogenesis depends on the
anatomical location of the tumor and differs between right side and
left side of the colon. Tumors in the proximal colon (right side) and
distal colon (left side) exhibit different molecular characteristics and
histology. In the right-sided tumors, mutations in the DNA mismatch
repair pathway are commonly observed; and these tumors generally
have a flat histology. In the left-sided tumors, chromosomal instability
pathway-related mutations, such as KRAS, APC, PIK3CA, p53 muta-
tions are observed and these tumors demonstrate polypoid-like mor-
phology. Therapy responses are totally different between these tumor
entities. Left-sided colorectal cancer (LCRC) patients benefit more
from adjuvant chemotherapies such as 5-fluorouracil (5-FU)-based
regimes, and targeted therapies such as anti- epidermal growth factor
receptor (EGFR) therapy, and have a better prognosis. Right-sided
colorectal cancer (RCRC) patients do not respond well to conven-
tional chemotherapies, but demonstrate more promising results with
immunotherapies because these tumors have high antigenic load. For
the development of effective therapy regimes and better treatment op-
tions, it is essential to evaluate right-sided and left-sided tumors as
separate entities, and design the therapy regime considering the dif-
ferences between these tumors.
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Introduction

According to World Health Organization, colorectal cancer
(CRCQ) is the third most common cancer in the world. In 2012,
about 1.3 million people (746,000 men, 614,000 women) were
diagnosed with CRC. Most of the CRC cases occurred in the
developed regions of the world; the highest mortality rates
were observed in Central and Eastern Europe, which was 20
per 100,000 men and 12 per 100,000 women [1]. The stage of
the disease and presence of metastasis highly affects the sur-
vival rates among the patient group. While the 5-year survival
rate is 90% for early-stage patients with localized disease, it
is 70% for intermediate (regional invasive tumors) and 10%
for advanced-stage patients with distant metastasis. Several
factors including age, diet, hereditary polyposis syndrome and
inflammatory bowel disease are associated with the develop-
ment of CRC [2, 3].

Colorectal cancer originates from the epithelial tissue of
the colon, and it may develop either on the right side or left
side of the colon. Depending on the position, CRCs behave
differently in terms of disease progression and overall surviv-
al. The difference between these tumors can be attributed to
anatomical and developmental origin, or distinct carcinogenic
factors (such as difference in bacterial population on the two
sides of the colon, or exposure to distinct nutrients and bile
acids), or a combination of both [4].

In the present review, we aimed to compare right-sided
and left-sided colorectal tumors in terms of anatomical, histo-
logical, epidemiological, molecular, and genetic perspectives,
and discuss the response of these tumors to adjuvant targeted
therapy and immunotherapy (Table 1 [5-20]).

Anatomical and Histological Perspective

The colon is approximately 150 cm in length, and extends from
the ileocecal valve up to the anus. It is composed of seven parts
including cecum, ascending colon, transverse colon, descend-
ing colon, sigmoid colon, rectum, and anus [21]. This distinc-
tion between right-sided and left-sided colon is based on their
embryological origins. The cecum, appendix, ascending colon,
hepatic flexure, and proximal two thirds of the transverse colon
have originated from the midgut, whereas distal one third of
the transverse colon, splenic flexure, sigmoid colon, descend-
ing colon and rectum have originated from the hindgut. Hence,
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Table 1. Difference Between Right Sided and Left Sided Colorectal Tumor [5-20]

Right sided colorectal cancer Left sided colorectal cancer References
Mucinous adenocarcinomas, sessile serrated adenomas Tubular, villous adenocarcinomas [6, 10, 11]
Flat like morphology Polypoid like morphology [7, 8]
MSI-high and mismatch repair deficient tumors CIN-high tumors [11]
Highly immunogenic, high T cell infiltration Low immunogenic [12,13]
Metastases in peritoneal region Liver and lung metastases [14,15]
Occur in older ages Occur in younger ages [16]
Predominantly occur in female Predominantly occurs in males [5, 8]
Better prognosis at early stages (stage I and II) Better prognosis at late stages (stage III and IV) [17, 18]
Respond well to immunotherapy Respond well to adjuvant chemotherapies including [19,20]

standard chemotherapies and targeted therapies

the right-sided CRC (RCRC) tumors arise from ascending co-
lon, and proximal two thirds of the transverse colon and the
left-sided CRC (LCRC) tumors arise from the descending and
sigmoid colon, and distal one third of the transverse colon [5,
22].

Besides the difference in their origin, these tumors exhibit
different histology. While right-sided tumors show sessile ser-
rated adenomas or mucinous adenocarcinomas, left-sided tu-
mors show tubular, villous and typical adenocarcinomas [6].
Since left-sided tumors have polypoid morphology, it is easier
to detect them with colonoscopy in the early stages of carcino-
genesis. Right-sided CRC have flat morphology that is difficult
to detect [7, 8].

Right-sided CRC patients tend to have advanced and big-
ger tumors, which are often poorly differentiated. The genomic
make-up of RCRC and LCRC are totally different from each
other. While RCRC patients tend to have more microsatellite
instability-high (MSI-high) tumors, LCRC patients tend to
have chromosomal instability-high (CIN-high) tumors [4, 9].

Microsatellite instability-high tumors are characterized
by the mutations or inactivation of the DNA mismatch repair
system, and consequently single nucleotide mutations and al-
terations in the length of repetitive microsatellite sequences
in the genome are observed in these tumors [23]. Sessile ser-
rated adenomas (SSA) are premalignant lesions with abnormal
proliferation, crypt distortion, and dilation. Sessile serrated
adenomas can be distinguished from the traditional serrated
adenomas due to the lack of cytological dysplasia in their early
stage. They are frequently observed in RCRC and MSI-high
tumors [10]. Mucinous adenocarcinomas, another type of
CRC, are commonly observed in RCRC and MSI-high tumors.
Mucinous adenocarcinomas are characterized by excessive
mucin excretion. Mucinous cancers have faster progression
when compared with adenomatous polyps, and are commonly
diagnosed in inflammatory bowel disease patients [11].

Furthermore, MSI-high tumors have more T cell infiltrates
because these tumors carry more immunogenic mutations and
harbor increased number of neoantigens. Histologically, many
MSI-high tumors have shown Crohn’s-like lymphoid reaction
in the invasive front of the tumor. Presence of T cells in these
tumors is associated with better prognosis and less frequent
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metastasis [12, 13, 24].

Approximately 70-85% of CRCs develop via the tradi-
tional pathway, which is also known as CIN pathway. Chromo-
somal instability is characterized by widespread imbalances in
chromosome number (ancuploidy) and loss of heterozygosity
(LOH) [25]. In this classical model, the early lesions detected
are tubular or villous or tubulovillous adenomas. Most of the
adenomas in the CIN pathway are adenomatous polyps, but
only < 5% harbor malignancy potential. However, villous ade-
nomas, comprising only 5-10% of polyps have a high potential
(35-40%) of malignancy [26]. The presence of villous polyps
in the patient is the determining factor for the risk of malig-
nancy in patients [26]. These polyps turn into carcinomas in 10
to 20 years owing to the accumulation of sequential mutations.
Hence, it is essential to excise these polyps by polypectomy in
the early stages to reduce the risk of CRC [27].

Metastasis of CRC significantly affects the overall sur-
vival among the patients. Distant metastases are present in
approximately 25% of patients; diagnosis and resectability of
metastasis significantly dictates the outcome [14]. The sites of
metastasis differ between LCRC and RCRC patients. While
LCRC patients tend to have liver and lung metastasis, RCRC
patients have peritoneal carcinomatosis [15]. Historically peri-
toneal metastases had the worst outcome; however, with the
advance in hyperthermic intraperitoneal chemotherapy (HI-
PEC), the survival rates have improved among this patient
group [28].

Epidemiological Perspective

People aged 50 or above have an increased risk of developing
CRC. More than 90% of people diagnosed with CRC are over
50 years of age; however, CRC incidence among the younger
people is likely to increase in recent years [16]. The overall
survival of the patients is dependent on the stage of cancer,
and the presence of metastasis. However, most of the studies
have shown that the prognosis of RCRC is worse than that of
LCRC [29-31]. In a cohort study based on the data from Sur-
veillance, Epidemiology, and End Results Program (SEER) in
USA, the median survival of the patients was found to be 78
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months for RCRC, and 89 months for LCRC (P =0.001) [17].
In another study, the 5-year survival rate was found to be 73%
for RCRC and 74% for LCRC among 17,000 patients [15].
Interestingly, comparison between stage III and IV RCRC and
LCRC patients exhibited a poor overall survival of RCRC pa-
tients, while stage I and II RCRC patients exhibited a better
overall survival than LCRC patients [17]. The same results
were obtained in another study carried out with a Japanese pa-
tient cohort. The prognosis of stage I and II tumors in the pa-
tients with RCRC was significantly better than in patients with
LCRC. However, prognosis of the advanced stages (stages I1I
and IV) in the Japanese patients with RCRC was worse, and
the recurrence rates after resection were higher compared to
the patients with LCRC [18]. Interestingly, no survival ben-
efit was observed for adjuvant chemotherapies in the left-sided
and right-sided CRC patients who had undergone surgical re-
section at an early stage (stage I and stage II); but it was shown
to improve the survival rates in stage III and stage IV LCRC
and RCRC patients [32]. There is still an ongoing debate on
whether stage II patients should receive chemotherapy or not.
While assays such as Oncotype DX or ColoPrint can predict
the recurrence rates among stage Il patients, they still have a
limited role in predicting the therapy responses among these
patients [33]. Hence, there is a need for the development of
new biomarkers for the prediction of therapy responses. Im-
munoscore is one of the new markers, which may be helpful
for the prediction of immunotherapy responses [34].

Furthermore, the presence of metastases and their status
(resectable or non-resectable) are the factors affecting the over-
all survival among the patients. In the study by Sasaki et al,
the overall survival was 47.4 months for RCRC patients with
liver metastasis versus 63.0 months for LCRC patients with
liver metastasis. The recurrence of tumor, following resection
was observed earlier (24.8 months) in RCRC patients than in
LCRC patients (35.9 months) (P = 0.01) [35]. Furthermore,
meta-analysis by Holch et al showed that metastatic RCRC pa-
tients had significantly worse prognosis than metastatic LCRC
patients [36].

According to different cohort studies, RCRC occurs pre-
dominantly in females and older people, and LCRC occurs
predominantly in males, and at an early age [5, 8]. However, it
should be noted that LCRC also occurs after 50 years of age,
with a frequency more than that of RCRC [37].

The aforementioned survival rates and epidemiological
data are for sporadic CRC patients. There are hereditary cases
as well. Hereditary cancer syndromes except familial adenom-
atous polyposis (FAP) tend to occur in the right side of the co-
lon. Hereditary non polyposis colorectal cancer (HNPCC) or
Lynch syndrome is the most common form of hereditary CRC,
observed in 1-6% of all CRC cases. The patients with HNPCC
have an 80% risk of developing CRC; the mean age of HN-
PCC is 44 years, which is approximately 20 years earlier than
CRC cases. Familial adenomatous polyposis is a syndrome
caused because of inherited mutation in one allele of adeno-
matous polyposis coli (4PC) gene. The mean age for the onset
of the disease is 16 years, but can occur early at 8 years of age.
The number and size of polyps increase with time. Most of
the CRC (about 70%) tend to occur in the left side, whereas, a
small percentage (about 10%) occurs in the right side [38, 39].
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Molecular Biology and Genetic Perspective

Colorectal cancer is a heterogeneous disease, exhibiting a va-
riety of genetic and epigenetic alterations [40]. At least two
molecular pathways have been described for CRC. In the MSI
pathway, hypermutated cancers with high microsatellite in-
stability, due to mutations in DNA mismatch repair system or
in DNA proofreading mechanism, are observed. In the CIN
pathway, high frequency of DNA copy number alterations,
and non-hypermutated tumors are observed [40, 41]. A third
mechanism, CpG island methylator phenotype (CIMP) is re-
lated to aberrant methylation in several genes, and is com-
monly observed in sporadic cases with DNA mismatch repair
pathway deficient (AIMMR) and MSI-high tumors. BRAF mu-
tations are also commonly observed with CIMP phenotype
[42, 43].

Table 2 shows the list of mutated genes in CIN- and MSI-
high tumors. While RCRC tumors tend to be MSI-high, LCRC
tumors are CIN-high tumors [27, 44-46].

CIN pathway

Left-sided CRC predominantly follow the CIN molecular
pathway. Fearon and Vogelstein first proposed the multi-step
genetic model for colorectal carcinogenesis, which is known
as traditional pathway (CIN pathway). In this model, carcino-
genesis begins with the inactivation or deletion of adenoma-
tous polyposis coli (APC) tumor suppressor gene, followed
by the activation of Kirsten ras homolog (KRAS) oncogene,
the inactivation of p53 tumor suppressor gene and other muta-
tions [47, 48]. Multi-institutional The Cancer Genome Atlas
(TCGA) study also confirmed the model and proposed vari-
ous mutations. According to TCGA study, APC, TP53, KRAS,
PIK3CA, FBXW7, SMAD4, TCF7L2, and NRAS are the most
frequently mutated genes in CIN tumors. APC deletion and
Wnt pathway activation, as well as RAS pathway activation
and TP53 pathway inactivation have been observed in many
tumors [25, 44]. Aurora kinases and Polo-like kinases (Plks)
are proteins that are responsible for centromere assembly, du-
plication, mitotic spindle formation, and mitotic entry. Dysreg-
ulated expression of Aurora and Polo kinases can lead to CIN
phenotype. For example, dysregulated expression of Aurora B
and PLK highly correlated with CIN phenotype and advanced
stages of CRC [49-51].

KRAS mutations are commonly observed in LCRC cases
having a CIN phenotype. KRAS mutations are commonly ob-
served in Codon 12 and 13, resulting in constitutively active
RAS protein, which in turn activates the downstream pathways
leading to cell proliferation and cell survival [52]. KRAS muta-
tions are found in 35-45% of CRC cases [53]. Whether KRAS
can be a prognostic factor for CRC is still debatable. Most
studies have claimed that the effect of KRAS on prognosis is
based on the mutation type and location. While KRAS codon
12 mutations are proposed to be associated with the increment
in CRC-induced mortality, codon 13 mutations are not asso-
ciated with survival [54]. In the RASCAL study, especially
guanine (G) to thymidine (T) conversion in the KRAS codon
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Table 2. List of Mutated Genes in CIN- and MSI-High Tumors [27, 44-46]

CIN tumors (non-hypermutated tumors)

APC Tumor suppressor gene  Inhibition of Wnt signaling Frameshift, point mutation, deletion, 70-80%
allele loss

TP53 Tumor suppressor gene  Cell cycle arrest, apoptosis Point mutation, allelic loss 50-60%

KRAS Oncogene Cell proliferation and survival Point mutation in codons 12,13,61 40%

PIK3CA Oncogene Cell proliferation and survival Point mutations in exon 9 and 20 15-25%

FBXW7 Tumor suppressor Targets oncoproteins for degradation Nonsense, missense, deletion 20%

SMAD4 Tumor suppressor Intracellular signal transmitter of Nonsense, missense, allele loss 10-15%

TGF-p pathway

TCF7L2 Tumor suppressor Regulation of Wnt signaling Frameshift, nonsense 5%

NRAS Oncogene Cell proliferation and cell surival Point mutations in codons 12, 13, 61 <5%

CTNNB1 Oncogene Promote tumor growth and invasion Point mutation, in frame deletions in < 5%
N terminal

SMAD2 Tumor suppressor Intracellular signal transmitter of Nonsense, missense, allele loss 5-10%

TGF-p pathway

FAMI123B(WTX)  Tumor suppressor Causing mesenchymal phenotype Nonsense mutation 7%

SOX9 Oncogene Cell proliferation and induces stemness Point mutations 4%

ARIDIA Tumor suppressor Chromatin remodeling Point mutation, deletion 5%

ATM Tumor suppressor gene  Cell cycle arrest Point mutation, deletion 7%

MSI-high tumors

MLHI Tumor suppressor gene  DNA mismatch repair Point mutations, insertions causing ~ 77%
incativation

BRAF Oncogene Cell proliferation and cell survival Point mutations in codon 600 46%

MSH?2 Tumor suppressor gene  DNA mismatch repair Point mutations, insertions causing ~ 40%
incativation

MSHG6 Tumor suppressor gene  DNA mismatch repair Point mutations, insertions causing ~ 40%
incativation

MSH 3 Tumor suppressor gene  DNA mismatch repair Point mutations, insertions causing ~ 40%
incativation

POLE Tumor suppressor gene  DNA proofreading mechanism Missense mutation 10%

ACVR24 Tumor suppressor gene  Frameshift Cellular growth 62%

APC Tumor suppressor gene  Inhibition of Wnt signaling Frameshift, point mutation, deletion, 51%
allele loss

TGFpR2 Tumor suppressor gene  Regulation of Wnt signaling Frameshift, nonsense 51%

was shown to be associated with higher mortality [55]. In the
RASCAL II study, the glycine to valine mutation was shown
to have an effect on overall survival rates of CRC patients [56].
However, in PETACC3 study, they did not find any association
between KRAS mutations and overall survival [57]. KRAS mu-
tational status among the CRC patients is an important predic-
tive factor for anti- epidermal growth factor receptor (EGFR)
therapy, and not as a prognostic factor [58].

MSI pathway

Right-sided CRC predominantly characterized by micros-
atellite instability, and are hypermutated tumors. Deficient
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mismatch repair/microsatellite instability-high (dAMMR/MSI-
high) are caused by defects in the DNA mismatch repair sys-
tem, which further accelerates the accumulation of single nu-
cleotide mutations, and alterations in the length of repetitive
microsatellite sequences in the genome. Most HNPCC tumors,
and a portion of non-hereditary CRCs showed high dAMMR/
MSI status [23, 59].

Mismatch repair genes MSH2, MLHI, MSH6, PMS2,
MLH3 and Exo2 have been linked with HNPCC in the linkage
studies carried out with the families of the affected patients
[59]. Furthermore, hypermethylation of the MLHI gene pro-
moter was observed in sporadic MSI-high CRC. Interestingly,
BRAF V600E mutations were commonly observed with MLH/
mutations in sporadic cases and with CIMP [60, 61]. DNA
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polymerase epsilon (POLE) mutations have been observed
in a small subset of microsatellite-stable and hypermutated
CRCs that affects the proofreading activity of the enzyme,
leading to the misincorporation of the bases during DNA rep-
lication [62]. According to the TCGA study, ACVR2A4, APC,
TGFB-R2, MSH3, MSH6, SLC9A9, TCF7L2, and BRAFV600E
are the most frequently mutated genes in these hypermutated
tumors [44]. The TGF-p pathway was found to be inactivated
in dAMMR/MSI-high tumors in the study. It is one of the es-
sential pathways in colorectal carcinogenesis, which has dual
functions based on canonical and non-canonical pathways. Al-
though it has a growth-suppressive function in the initial stages
of tumorigenesis, it contributes to metastasis in the advanced
stages [63]. In the canonical pathway, TGF-P interacts with
the SMAD transcriptional factor family members SMAD?2
and SMAD3 and phosphorylates them, which in turn activates
SMADA4. Later, SMAD complexes translocate into the nucle-
us; and either induce or repress the expression of several genes
[64]. SMAD4 leads to apoptosis and cell cycle suppression in
epithelial cells [65]. The ACVR2A mutation occurs commonly
with TGF-f mutations and is thought to play a role in tumor
suppression as well [66].

The anti-apoptotic role of TGF-B is exerted via the non-
canonical pathway, independently of SMAD proteins. Activin
is one of the essential components of TGF-f pathway, which
induces a pro-metastatic phenotype in colorectal cancer cells
[67]. Activin also down-regulates p21, which is a cyclin-
dependent kinase inhibitor and mediates p53-dependent cell
cycle arrest, hence leading to more proliferative and invasive
phenotype in colorectal cancer cells [68].

Molecular Targeted Therapies

Systemic chemotherapy for CRC includes mainly fluoro-
pyrimidines (5-fluorouracil (5-FU) and oral capecitabine),
irinotecan, and oxaliplatin [69]. Fluorouracil is a fluorinated
pyrimidine that acts primarily by inhibiting the thymidylate
synthetase enzyme; commonly administered with leucovorin,
which is thought to stabilize the interaction of fluorouracil with
this enzyme [70]. Among the metastatic CRC patients admin-
istered with fluorouracil and leucovorin, 20% had reduction in
tumor size and showed an increment in overall survival from 6
months to 12 months [71, 72]. However, it should be empha-
sized that these adjuvant chemotherapies are mostly effective
in the advanced stage (stage Il and IV) patients after resection
of tumors [73]. Furthermore, these adjuvant chemotherapies
have shown to be more effective among patients with micros-
atellite-stable tumors or tumors with low frequency of micro-
satellite instability, hence LCRC patients have benefited more
from standard chemotherapies [19].

Targeted therapeutics, especially for metastatic advanced
CRC cases, have been developed and used in combination
with conventional chemotherapy that has improved the over-
all survival among the patients. While some of these agents
(bevacizumab, aflibercept, ramucirumab, and regorafenib)
specifically target angiogenic pathways, others (cetuximab and
panitumumab) target the EGFR pathway [74]. In conventional
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therapy and/or targeted therapy settings, LCRC tumors have
better outcomes than RCRC tumors. According to the CAL-
GB/SWOG 80405 study, among the patients who received ce-
tuximab, median overall survival was 36 months for patients
with left-sided tumors and 16.7 months for patients with right-
sided tumors (HR = 1.87, 95% CI = 1.48 - 2.32, P < 0.0001)
[75]. Furthermore, in the Canadian NCIC CO.17 trial, LCRC
patients benefited more from cetuximab therapy than RCRC
patients [76]. The same results were obtained with CRYSTAL
and FIRE trials as well [77]. In the PRIME study, addition
of panitumumab to FOLFOX increased the overall survival
among LCRC patients, whereas it was not effective in RCRC
patients (for LCRC, 32.5 months versus 23.6 months, adjusted
HR = 0.68, P = 0.0027; for RCRC 22.5 versus 21.5 months,
adjusted HR = 0.97, P = 0.9295) [78]. Anti-EGFR therapies
improved the overall survival in patients with left-sided KRAS
wild type tumors, but not in patients with right-sided wild type
tumors [79].

Bevacizumab is another commonly used agent for CRC
that targets the vascular endothelial growth factor receptor
(VEGFR). Following bevacizumab treatment, while median
overall survival was 31.4 months for patients with left-sided
tumors, it was 24.2 months for patients with right-sided tumors
(HR =1.32, 95% CI=1.05 - 1.65, P = 0.01). In the CALGB/
SWOG 80405 study, patients with right-sided tumors benefited
more from bevacizumab treatment than cetuximab treatment
[75]. While the combination of bevacizumab and systemic
chemotherapy reduced the mortality in both RCRC and LCRC
patients, the combination of cetuximab and systemic chemo-
therapy was shown to be effective only in LCRC patients [80].

Furthermore, meta-analysis of clinical trials has shown
that LCRC patients with wild type KRAS had significantly
greater survival benefit from anti-EGFR treatment regimes
compared to anti-VEGFR therapies when combined with
standard chemotherapies (HR = 0.71; 95% CI = 0.58 - 0.85;
P=0.0003) [36].

Immunotherapies

MSI-high tumors are located predominantly in the right side
of the colon. These tumors have highly activated lymphocytic
microenvironment, and present a high degree of neoantigens
[81]. Despite the active immunogenic load, these tumor cells
cannot be eliminated by the immune system. T cells are in-
duced by antigen recognition, as a result T cell regulation is
highly dependent on co-stimulatory and inhibitory signals.
Immune checkpoint regulators, such as programmed death
protein 1 (PD-1), programmed death receptor ligand 1 (PD-
L1), and T lymphocyte-associated antigen 4 (CTLA-4) repress
T cell activation. In normal conditions, immune checkpoint
regulators are essential for autoimmunity, however tumor cells
highly use these regulators as an anti-tumor immune response
[82, 83].

Immune checkpoint inhibitors are antagonists, functioning
by repressing inhibitory PD-1, PD-L1 and CTLA-4 receptor
activities [84]. However, it should be emphasized that CTLA-
4 and PD-1/PD-L1 act in completely different mechanisms;
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CTLA-4 predominantly functions in the initial steps of im-
mune activation, functioning in CD4+ T cells (regulator and
effector T cells) for T cell priming and activation, whereas
PD-L1 is either expressed by macrophages or tumors cells and
interacts with CD8+ T cells [85].

Interestingly, tumor infiltrating lymphocytes express high
level of PD-L1, which is thought to be a result of chronic stim-
ulation because of the neoantigen load [86]. Tumors with high
antigenic load seem to benefit more from immunotherapies.
Metastatic melanoma is one of the tumors with high immuno-
genic load and melanoma patients are highly benefiting from
anti-CTLA-4 and anti-PD-1 therapies [87, 88].

Ipilimumab and tremelimumab are currently used as anti-
CTLA-4 inhibitors. However, anti-CTLA-4 inhibitors did not
show any significant benefit in CRC patients [89]. Anti-PD-1
and anti-PD-L1 inhibitors seem to have more promising re-
sults in CRC patients. Anti-PD-1 inhibitor pembrolizumab has
been shown to be effective in MSI-high CRC tumors, however
it is non-effective in MSI-stable CRC tumors [90]. The effi-
ciency of pembrolizumab was evaluated with multi-centered
KEYNOTE study that showed promising results in MSI-high
tumors [91, 92]. Furthermore, the effectiveness of nivolumab,
which is an anti-PD-1 antibody, had been studied in a large
cohort of CRC patients in Checkmate 142 trial. Nivolumab has
shown promising results in MSI-high tumors [93]. The com-
bination of two immunotherapies, nivolumab and ipilimumab
was also assessed among the CRC population that showed
improved survival benefit, and was found to be well-tolerat-
ed by patients [94]. Overall, immunotherapies are a promis-
ing therapeutic option for patients with MSI-high tumors that
were resistant to fluoropyrimidine, irinotecan, and oxaliplatin
regimes, or have unresectable and metastatic MSI-high tumors
[20].

Conclusions

Colorectal cancer is the third most common cancer with high
mortality rates in the advanced stages. Although the detection
of CRC in the early stages is possible with routine colonos-
copy screening, the prevalence is still increasing, especially in
developing countries [95, 96]. Notably, CRC is not one type
of disease, rather it acts as two different diseases in the same
organ. The behavior of CRC is highly affected by the anatomi-
cal location of the tumor, which in turn affects its molecular
and immunological characteristics. Understanding the charac-
teristics of these two different entities is very important for
developing effective therapies [21, 97].

Right-sided CRC tumors are commonly microsatellite
instable tumors, whereas, LCRC tumors are chromosomal
instable tumors. As discussed in the first part of the review,
RCRC and LCRC tumors exhibit different histological and
molecular characteristics. It is easier to detect LCRC tumors as
small adenomas at an early stage with colonoscopy screening.
Right-sided CRC tumors are still detectable at an early stage,
but with much more difficult than LCRC tumors because of
their flat morphology [98, 99]. Thus, RCRC tumors are com-
monly detected in more advanced stages than LCRC tumors.
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Although surgical resection is the primary option for all stages
and adjuvant therapies seem to be effective in improving the
survival among the patients [32, 100, 101], there is still a need
for more effective therapies for both RCRC and LCRC stage
IV patients. In this setting, two new therapy options, namely,
targeted therapies and immunotherapies, can be recommended
as monotherapies or in combination with adjuvant therapies.
According to many phase II studies, patients with KRAS wild
type LCRC tumors benefit well from targeted therapies includ-
ing anti-EGFR or anti-VEGFR therapies, whereas, patients
with MSI-high RCRC tumors appear to benefit more from im-
munotherapies [102, 103].
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