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Abstract— Genetic -depth study showed the perplexity of
molecular heterogeneity of colorectal cancer (CRC). Though
various therapies exist, we do not have the proper way to choose
the right treatment for each patient, personalized treatment
strategies are in demand. For CRC, a broad molecular
classification is still missing. We wish to apply the molecular
techniques to improve the outcome. Our intention in this review
is to summarize the molecular classification of CRC and their
reflection on management.

Index Terms—Colorectal cancer, molecular classification, colon
cancer subtypes.

. INTRODUCTION

Colorectal cancer (CRC) is one of the major causes of
morbidity and mortality, more than 1.2 million patients are
diagnosed every year, and more than 600,000 die from the
disease, more common in old age men; median age at
diagnosis is about 70 years in developed countries [1].CRC is
not one disease, although with the same stage of CRC, the
response to treatment may be different; could be explained by
the molecular heterogeneity, either genetic or epigenetic. In
spite of great interest, the molecular classification of CRC has
not achieved widespread clinical application, and has not
been approved by many oncology centers. Better
understanding of molecular classification will help us to
assimilate the process of carcinogenesis and may contribute
to create novel and more effective therapy [2]. In this review,
we summarize the molecular pathways and classification of
CRC and the impaction on patients.

II. EVOLUTION OF MOLECULAR CLASSIFICATION
OF CRC REVIEW STAGE

The transformation from normal epithelium to carcinoma
is associated with many molecular events. In CRC
carcinogenesis, there are three major distinguished molecular
pathways have been involved: chromosomal instability
(CIN), microsatellite instability (MSI), and CpG island
methylator phenotype (CIMP) [3].
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The first and most common (70%), the CIN pathway, is
characterized by frequent loss of heterozygosity (LOH) in
chromosomes, alternation in the main oncogenes (e.g.,
KRAS, NRAS, BRAF, PIK3) and tumor suppressor genes
(e.g., APC, TP53, and PTEN). Key pathways include
Whnt/B-catenin, transforming growth factor beta (TGF-R),
epidermal growth factor receptor (EGFR, HER1),
downstream mitogen-activated protein kinase (MAPK), and
phosphoinositide 3-kinase (PI13K) signaling activation [4].

The second pathway is the MSI, occurs in 15% of CRC and
caused by inactivation of DNA mismatch repair genes
(MMR). The presence of MSI represents phenotypic evidence
that MMR is not functioning normally (d MMR). CRC with
MSI has a clear molecular origin and a specific
clinicopathological phenotype; associated with poor
differentiated tissue, high mucinogens, tumor infiltrating
lymphocytes, right-sided location, and enriched with BRAF
mutations [5].

In addition to CIN and MSI, a third epigenetic instability
pathway (found in approximately 15%-20% of CRC) was
explained by Toyota et al, CpG island methylation phenotype
(CIMP), characterized by vast hypermethylation of promoter
CpG island sites, resulting in the inactivation of several tumor
suppressor genes or other tumor-related genes [6]. The
accurate description of CIMP has not been equal among
studies; actually there are different classifications for CIMP
tumors. Table 1 illustrates some of these classifications.

The three molecular pathways are not mutually exclusive,
so they may be exhibited in the same CRC patient. Actually,
there are many proposals for molecular classification of CRC
but without complete agreement. According to clinical,
morphological, and molecular parameters, Jeremy Jass
proposed a model included five subgroups [7].The Cancer
Genome Atlas (TCGA) subcategorized CRC depending on
mutation rate into hypermutated and nonhypermutated group
[8].

Another classification system was published by Domingo
et al, dividing CRC into 7 groups [9].Based on genetic and
clinicopathological characteristics, De Sousa E et al.
identified 3 different subtypes of CRC [10]. In other study
done by Sadanandam et al, 5 different types of CRC were
identified based on gene expression profiles [11]. Noticeable
thing that, BRAF mutations were found in sessile serrated
adenoma (SSA) either in early hyperplastic polyps or in the
advanced dysplastic form, reflecting its role in neoplastic
progression [12].

Importantly, over the last decade, it has been documented
that other pathways are implicated in the pathogenesis of
CRC, as microRNA (miRNA) and inflammatory pathways.
The early reports about miRNA denoting its low expression
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level in cancer, anticipated that they were tumor suppressors.
In CRC it is not the truth, more microRNAs have been
elevated [13].

Table (2) illustrates some of molecular classifications
CRC.

Trezic et al, has established the relation between
inflammation and CRC either sporadic or heritable types.
Recently, the role of immune mediators has been clarified in
CRC carcinogenesis, from tumor initiation till metastasis.
The proposed mechanisms may include production of many
angiogenic factors hand in hand with DNA damage [14].

I1l. CLINICAL APPLICATION

The rapid evolution in the identification of molecular basis
of CRC has led to discovery of novel drugs and molecular
diagnostics markers. The clinical use of monoclonal
antibodies (mMADbs); cetuximab/ panitumumab, targeting
EGFR is an excellent example; moreover, nearly all patients
whom initially respond inevitably become refractory [15].

The mechanisms of resistance to EGFR mAbs in CRCs
include, range from genetic alterations in the pathway to
amplification of receptor tyrosine kinases (TKR). The
mechanisms may be assigned as primary resistance as genetic
alterations in the RAS-RAF-MEK pathway, HER2
amplification, and MET amplification or acquired resistance
such as the EGFR mutation S492R [16].

Moreover,  Cetuximab  have  antibody-dependent
cell-mediated cytotoxicity (ADCC) which depends on the
interaction between antibody Fc portion and Fc receptors
(FcyRs) in immune cells. Bibeau et al, [17] demonstrated that
combined FcRIla and FcyRIlla polymorphisms are
prognostic factors for progression-free survival in mCRC
patients treated with cetuximab plus irinotecan, which is
corresponding to the study done by Kjersem et al, [18].

Whereas polymorphisms are clinically linked to
mutated-KRAS mCRC, an important role of ADCC in
cetuximab efficacy is assumed. However, due to retrospective
studies most always are criticized as the completeness of data
often is suboptimal and depends totally on medical
documentation, ancillary studies to larger prospective clinical
trials are needed to assess the impact of Fcy R polymorphisms
on cetuximab efficiency.

Also, pioneering work demonstrated that antibodies
containing  engineered  bisected increase = ADCC
amplification. This therapeutic mechanism is likely to be
important when simple interference with receptor/ligand
interactions fails as a therapeutic strategy [19], and this
strategy is undergoing clinical validation.

Diaz et al, detected the KRAS mutations not only in tumor
biopsies but also in circulating tumor DNA (ctDNA) in
patients with acquired resistance [20]. This may change the
method of genetic alteration detection from multiple tumor
biopsies to just drawing a tube of blood, what is called liquid
biopsies or ctDNA, which is a specific cancer biomarker that
can be detected, measured, and tracked. Preliminary data
suggests ctDNA is detectable at diagnosis in the majority of
patients with non-metastatic CRC. The potential for ctDNA
as a CRC screening tool, and as a prognostic marker for early
stage, should be further explored [21].
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Surprising, not all mutations in KRAS gene have the same
biologic behavior. In an analysis, use of cetuximab was
associated with longer overall and progression-free survival
among patients with chemotherapy-refractory CRC with
p.G13D-mutated tumors than with other KRAS-mutated
tumors [22, 23].

Considerable preclinical data have shown that the
combination of ERBB tyrosine Kkinase inhibitors and
anti-EGFR mAbs leads to markedly higher antitumour
activity than the administration of single agents, especially in
KRAS wild-type and Quadruple-negative
(KRAS/NRAS/BRAF/PIK3CA wild-type) tumors [24- 26].

There are a lot of studies accused HER3 signaling
pathways activation and compensatory PI3K pathway
activation as a cause of anti-EGFR therapeutics failure.
Preclinical cancer models have indicated that patritumab
(fully human anti-HER3 monoclonal antibody) demonstrates
antitumor activity when used alone or with anti-EGFR
inhibitors by binding to the extracellular domain of HER3
and promoting the internalization and degradation of the
receptor [27].

With limited clinical benefit from the use of BRAF
inhibitors as single agents in BRAF V600E-mutated CRC,
the clinical trials tend to investigate BRAF inhibitors in
combinations; either with anti-EGFR mAbs or with third
agent (MEK or PI3K pathway inhibitors) [28, 29].

Programmed death 1(PD1) and its ligand (PD-L1), are
highly expressed in a variety of cancers and hence the role in
cancer immune therapy is well established [30]. Gatalica, et
al, presented a poster in 2014 ASCO Annual Meeting,
concluded, the expression of PD-1 and PD-L1+ cancer cells
are more frequent in MSI-H than in MSS CRC, which are rare
in general CRC population, subsequently the use of anti-PD-1
mAb perhaps hold new hope for treatment [31].We
summarized some clinical trials in CRC in Table 3.

In a retrospective multicenter study including 782 patients
with CRC, post surgery, revealed that the combination of
PIK3CA mutations with MSS were associated with good
prognosis and postulated that they may not require adjuvant
chemotherapy [32].

Reimers et al, observed that, the benefits of the adjuvant
aspirin were belonged to CRC patients with COX-2—positive
or PIK3CA mutation—negative [33].

MSI is an important piece of information to consider when
deciding adjuvant chemotherapy in stage Il CRC. Data from
the PETACCS3 trial suggested that MSI-H tumors have a
decreased like hood of metastasis, which is considered as
prognostic marker for favorable outcome [34-36].A
retrospective study involving long term follow up of patients
with stage 1l and 111 CRC have found that patients with stage
I MSI-H tumors not only did not derive any benefit from
5-FU adjuvant therapy, but they actually fared worse if they
were treated [35]. Similar results were showed by Sargent et
al, [36]. In contrast to these finding, a study done by Hutchins
et al, from QUASAR study showed that although MSI-H was
a prognostic, it did not predict benefit from or detrimental
effect on chemotherapy [37].This corresponding to study
done by Bertagnolli et al, on patients in the CALGB and
89803 trials [38].
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Although the overall result of National Surgical Adjuvant
Breast and Bowel Project protocol C-08 was negative, the
data suggest that there may be a subset of CRC patients may
get clinical benefit from the addition of bevacizumab to
adjuvant chemotherapy, but it needs independent validation
in other clinical trials [39].

MicroRNAs are  endogenous  posttranscriptional
modulators that control the expression of the target genes and
play an important role in the development and progression of
many malignancies, including CRC. Toiyama et al, revealed
that Serum miR-21 is a promising biomarker for the early
detection and prognosis of CRC [40].Several studies have
shown an association between elevated levels of miR21 and
the down regulation of tumor suppressor genes, this has led to
miR21 being considered a promising therapeutic target for
treating CRC [41].

Table 1: CRC classification based on CIMP status

Reference Method of Types Clinical notes
evaluation
Weisenberger | Methy light - -A great
et al,(42) technology CIMP-posit | correlation of
ive CIMP cancers
with BRAF
-CIMP-neg | mutations.
ative
Shen et al. Methy light -CIMP-posi | -CIMP1 tumors
(43) technology tive (1,2) are often MSI
-CIMP-neg | tumors (80%),
ative and have BRAF
mutations
(53%),
-CIMP2 tumors
have KRAS
mutations
(92%), rarely
are MSI or have
BRAF or TP53
mutations
Ogino et Quantified DNA -CIMP-low | -CIMP-low
al. (44) methylation in (CRC with CRC is
five 1/510 3/5 associated with
CIMP-specific methylated | male sex and
gene promoters promoters) | KRAS
[CACNALG, -CIMP-high | mutations.
CDKN2A (p16), (4/5 or 5/5
CRABP1, MLH1, | methylated
and NEUROG1] promoters)
-CIMP-0
(0/5
methylated
promoters )
Barault et Quantified DNA -No CIMP - Methylation is
al. (45) methylation in -CIMP-low | an independent
five -CIMP-high | prognostic
CIMP-specific factor in MSS
gene promoters CRC
(hMLH1, p16,
MINT1, MINT2,
and MINT31)
Ang et al. GoldenGate®met | -CIMP-low | -In comparison
(46) hylation array -CIMP-mid | to CIMP-L
-CIMP-high | tumors,
CIMP-H tumors
were more often
located in the
proximal colon
and showed
more frequent
mutation
of KRAS and B
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RAF
Yagietal(47) | Methylated DNA | -Low -Three
immunoprecipitati | methylation | methylation
on-on-chip epigenotype | epigenotypes
S exist in
-Intermedia | colorectal
te cancer, and
methylation | suitable
epigenotype | classification
S markers have
-High been developed.
methylation | Intermediate-me
epigenotype | thylation
S epigenotype
with
KRAS-mutation
(+) correlated
with worse
prognosis.

Table 2: Some General Molecular CRC Classification

liem
Teremy T romp | chromesomally sl &ﬂ%ﬂm
CTMP high
Group 1 C3, partialy MLHY metirlaied, nocreoieDhte sinble (M35), M31L, ERAF
mutated, CIMPhigh
Group 3 CTN, MOMT methylied MESMETL, KRAS mutsted, CTMP k.
Group 4 CTN, M33MELL, CIMP pegwiive.
Gronp 3 €5, M3LH CTMP negative, ERAF nild type
The Cancer Genome At The Ipermutated Tl permuied
Semuatic events Mimatehrepair sens TP} nmtatoms, which
charaeterme CINV
BRAF mutstiom DNA repair g Mare e copy mumber
ERAS and PIEICA motatem | alteratiom.
About 2% of cazm Lews dhan 3% of cases
Very mcommen Camen
Uemmge ef al {zronp I M3L-H sndier BRAFmoiated
Group ! CTN ander TP33 nmtated nith ERAS and PIK3Ca wild rype.
Group 3 CTN, KRAS sndior FIK3CA nmtaied; TES3 ndld type.
Group 4 3, KRAS sndior PIKICA nmtaed; TPS3 uid rype.
Cromp S NEAS mutaed
{ronp § no mutatiom.
Cronp 7 other.
e Soma Eet sl (€3] [EE3d
DF3 s
(Cene signatmre (rood Intermediate
Precurzar Poar
Epithelial Inflmmairy
Wi sigusling n
34
sl
High Law Lam,
Sdmnlmet | Stem ke Tramit anphfving Coblet el Fuercyie
al Infmmatory phe ke
RECTA C3TA
Poor Por  Goad ol Iniermediate
DF3 Tatrrmadinns
(ene sigmurre
Mewnomal Heterozennom CGobletcel Enteracyie ool
Incressed cyinkines
Cakmerypt Stem cell with TAcell
top/hase
Vo dgmaling | Euse TepBisse Tep T
Unknowa
Hi| Lew
B Fih o, I

CRC, colorectal cancer; CS, chromosomally stable; CIN; microsatellite
instability; MSI, microsatellite instability; MSS, microsatellite stability;
CIMP, CpG island methylator phenotype;CCS, colon cancer subtypes; DFS,
disease-free survival; SSA, sessile serrated adenoma; TA, transit-amplifying;
CR-TA, cetuximab-resistant TA; CS-TA, cetuximab-sensitive TA; DFS,
disease-free survival;
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Table 3: Selected Clinical Trials In Advanced CRC Based On
Biological Hallmarks.

NCTID Trial description Study type and desizn | Trialphase | Lastupdated

v ToEvaluatstha Efficary of MEDI4T % im
Immumological subssts ofsdvanced colorectal
canea,

NCT02227667 +  Drug MEDHT36: Duyshumeh: Interventionsl Phasz 11 April 23, 2013
Fe optimized monoelonal antibody dirsctod aginst
programmed cell daath- |

v To determine the maximmtolzrstad doze of KBP-
3209 25 2 single zgant forpatisnts with advancad
colorota] cancer affer failure of standerd

NCTOM442414 chemotharapy, Interventional Phas[ Mey 8, 2015

v Drug: KBP-3209; Birofimiris
second-genaration, irrevarsible pan-EGER tyrosins
kinsss inbibitor

v Tozvaluate tha side effeots and bast dose ofvaceine
therspy in tresting patients with advanced colometd.

NCT01376303 eancar Interventional Phas [ May 18, 2015

v Biological: HER-2 vacelns.

v ToEvaluatethe Efficaryof BRM120in patimts with
advancad colorsctal cancer after failwre or ntolemes
of atlzastone lina of tharagy.

NCTO01304602 *_ Druz BRAI20: Buparisl UK inhibitor Interventional Phasa | Mareh 31, 2015

v ToEvaluatethe Effieary of BBIA03 in combination
.
patiants with advanead eoloretl eancer afterfailura
of atleast? regimens containing -Flucrouracll,

origi Interventional Phasell | Avgust28, 2013

NCTO1776307 v Drug BBIG0S, is  cancar stamesll inkibtor

v Tosvaluate the safetyandaffactivaness of the
combination of intrevenous gomidznsin andlor 3-
azacitidine with IV MK- 3475 in patientswith

NCT02512172 Microsatallitestable. Interventional Phase [ hly 27,2015

¢ Drug ME-M73; antibody diected agsimt
programmed cell dasth |

v Toavaiuatethe sideeffeetsand bestdossof
Suvamaalon: orcombinednith framekmme
advaneadcoloractal cancer affe whraof stmderd

NCTOZ3TM8 themetaayy, [nterventional Phase] | Augst3], 201

v Drug Duryemeh antbodydirctedagsing
programmed ol dathe

el mthodyarivatethe s
sysen though lckingthe e
[ymphoovte-ssocisted arizen 4 (CTLA4)

v Forpaiznts sdvanead colorctd sencr afterfihs
orintelerancs of ateastone [naoftherayy, with
KRASWid Type, anviched forFTEN Loss and

NCTOI802320 PIRACA Mutation [nterventional Phase]l | Aumst 24,2003

v Drug MEZD06 Ak Ibibtr

v Tosvduste sabtyandFffiey o FER By
FOLFR! ragimenin ACRC*

NCTOMS | o DeogPPL0S21238, paneles g Inferventionel Phesell | August 18, 2003

FI3KigTOR inhivtr

v Tosvdustethe sefstyandeffiscyof  catmimsb
NCTONZEI628 and F3-866 combinafiontreatment n advereed [nterventional Phase] | e 62003
coloradelcancer,

v Drug P56 FIK infibitr

IV. CONCLUSION

Although the introduction of epigenetic modifications and
methylated genes may help in further identification, in fact, at
this time, there is no sharp difference between many
molecular classifications based on histological or clinical
features. There is a growing need to universal disease
classification system that engages clinical and molecular
features to personalize the treatment and assess if there is a
relationship between these subtypes and survival endpoints
hoping to reduce disease burden in the future.
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