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ABSTRACT

Today, colorectal cancer (CRC) is the third most common cancer and therefore an urgent problem of oncology. Despite
all modern diagnostic capabilities, the rates of advanced cases are growing steadily. CRC was proven to be a result of
a phased dysplastic change in the colon mucosa, molecular genetic changes that determine the molecular biology of
the tumor, its properties, morphology, disease prognosis and response to therapy. The following mechanisms of CRC
tumor progression are distinguished: chromosomal instability, microsatellite instability, "methylator" phenotype, and
serrated pathway of adenocarcinoma development. Application of molecular and diagnostic methods has become
a promising direction in recent years. This led to the development of a molecular genetic classification with 4 CRC
subtypes differing not only in their molecular genetic characteristics, but also in clinical course and response to therapy.
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MOJIEKYJIAPHO-TEHETUYECKAA KJTACCU®UKALLMA NOATUNOB KOJTOPEKTAJIbHOTO
PAKA: COBPEMEHHOE COCTOAAHWUE NMPOBNEMbI
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PE3IOME

Ha cerofHALWHWI AeHb KonopeKTasnbHbli pak (KPP) sBnsieTcs akTyanbHoi Npo6/1eMoit OHKOOrMK, 3aHUMas TpeTbe
MECTO B CTPYKTYpe 06LLEel OHKONOrMyeckoin 3aboneBaemMocTv. HecMoTpsi Ha BCe COBpEMEHHbIE AMarHocTuyeckme
BO3MOXHOCTH, MOKasaTesin 3anyLeHHOCTN HeYKJTIOHHO pacTyT. [lokasaHo, yto KPP passnBaeTca BCneacTsme noararn-
HOro AMCMNIacTUYeCcKOro N3MeHeHWs CIIN3UCTON TONCTON KULLIKW, MONEKYNSAPHO-TEHETUYECKUX U3MEHEHWI, KOTOPble
onpefenstoT MOSIeKyNIAPHYIO GUOMOrMIO ONyXonu, eé CBOMCTBa, MOPhONOruio, MPorHo3 3abosnieBaHnsA U OTBET Ha
NpoBOAUMYIO Tepanuio. BbiaensatoT cnegyrolme MexaHn3mbl onyxosnesou nporpeccun npu KPP: xpomocomHas
HecTabu/IbHOCTb, MUKpOCATENIMTHAsA HECTABUNbHOCTb, «<METUNATOPHbIA» PeHoTUN, 3y6uaTblii (serrated) nyTb pas-
BUTUA afleHOKapLUHOM. B nocnegHue rofbl NepcrnekTUBHbIM HarnpasieHneM CTano UCrosib3oBaHNe MONEKYAPHbIX
METOLO0B ANArHoCTUKM. ITO NPUBESNO K pa3paboTKe MONEKYNISAPHO-TEHETUYECKOI KnaccudukaLlmum, BKOYatoLLen
B ce6q 4 nogtuna KPP, KoTopble 0T/iMyatoTes Mexay co60i He TONbKO N0 MOeKyNsipHO-TeHETUYECKMM XapaKTepu-
CTUKaM, HO ¥ MO KJIMHUYECKOMY TEeYEHUIO 1 OTBETY Ha NPOBOAMMYIO Tepanutio.
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of the problem

Over the past decades, colorectal cancer (CRC)
remains an urgent problem of oncology both in Rus-
sia and abroad, taking the third place in the structure
of morbidity, disability and mortality from malignant
neoplasms (MN). Every year, more than 1 million new
cases of CRC are registered in the world, with approx-
imately the same prevalence in men and women [1].
Among the male population, the incidence rate reach-
es 11.4 %, ranking third after malignant neoplasms
of the trachea, bronchi, lungs (17.8 %), and prostate
(14.4 %). Among the female population, this indicator
is 11.7 %, ranking third after breast tumors (20.9 %)
and skin tumors (14.6 %). In 2015, more than 68 thou-
sand cases of colon cancer were registered in Russia.

Today, it is proven that CRC develops due to a grad-
ual dysplastic change in the colon mucosa, molecular
and genetic changes that determine the molecular
biology of the tumor, its properties, morphology, dis-
ease prognosis and response to therapy [2, 3].

The following mechanisms of tumor progression
in CRC are distinguished:

1. Chromosomal instability (90 %), which leads to
aneuploidy and aberration of chromosomes.
This mechanism is associated with mutations
of the tumor suppressor gene APC (the gene for
adenomatous polyposis of the colon) and with
mutations of other genes-SMAD2 and SMAD4,
involved in the intracellular transmission of the
TGF-b signal, as well as the KRAS gene. Clinically
associated with an unfavorable prognosis [4, 5].

2. Microsatellite instability (20 %) is associated with
a violation of DNA repair during replication as
a result of mutations in the genes of one of the
proteins of the Mismatch repair system (MRS). To
date, there are 7 known genes whose mutations
lead to microsatellite instability in CRC-MLH1,
MLH3, MSH2, MSH3, MSH6, PMS1 and PMS2 [6].

3. The "methylator" phenotype (CpG island meth-
ylator phenotype, CIMP) (15 %) is caused by the
presence of hypermethylated promoter sites
(CpG island), in which inactivation of tumor sup-
pressor genes is observed and, as a rule, mu-
tations in the KRAS, BRAF and TP53 genes are
often detected in patients [7, 8].

4. Serrated pathway of adenocarcinoma devel-
opment: there are 2 molecular pathways for
the development of CRC from a serrated pol-
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yp. The first pathway is a sequence of toothed
polyp cancers resulting from a BRAF mutation,
which leads to inactivation of the MMR genes
(mismatch repair system — a system of repair of
unpaired DNA bases), to low and high levels of
microsatellite instability (MSI-H, MSI-L).

The second pathway involves the emergence of

a tumor from a traditional serrated adenoma (TSA),

leading to a low level of microsatellite instability

(MSI-L) or microsatellite-stable (MSS) dentate forma-

tions. These tumors contain KRAS mutations [9, 10].

The first attempts to create a CRR classification
were made by several groups. But they did not come
to a common opinion and this did not lead to the

formation of a single classification [11, 12].

Subsequently, international experts, after analyzing

18 different gene expressions in CRC in more than

4,000 samples, came to an agreement and described

four molecular subtypes of CRC (copsepsis molecular

subtypes, CMS). Approximately 87 % of the 4,151 sam-
ples that were analyzed by the six expert groups were
subdivided into 4 molecular subtypes (CMS), and the
remaining 13 % of the cases remained "unclassified".

Additional data, including mutations, somatic
copyicity, methylation status, and biological char-

acteristics, correlate with CRC subtypes [13, 14]

(Table 1).

1. CMS1 (MSI, immune, 14 %) develops due to de-
fective repair by microsatellite instability (MSI)
and suppression of MLH1 expression, high
methylation (CpG-island methylator phenotype,
CIMP-high). They are characterized by muta-
tions in the BRAF gene and a low level of somat-
ic copyability. Patients with early-stage CMS1
tumors (with MSI) have a better prognosis com-
pared to patients with microsatellite stability
(MSS) of the tumor. CMST1 has a good prognosis
when detected before the disease progresses, in
particular due to the presence of specific popu-
lations of T-lymphocytes and natural killer cells.
However, patients with CMS1 tumors, which are
most often right-sided, have very poor survival
after relapse detection [15].

2. CMS2 (canonical, 37 %) occurs due to the se-
quential transition of the colon epithelium to
adenoma and later to carcinoma, with the acti-
vation of the WNT-B catenin and MYC signaling
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pathway. CMS2 is more often left-sided (59 %)
and is characterized by the highest five-year
overall survival at all stages compared to the
other subtypes of CRC [14].

3. CMS3 (metabolic, 13 %) has less somatic copy-
ability (SCNAs)and contains more heteroge-
neous tumors (MSI) than in CMS2 and CMS4.
Although mutations in the KRAS gene are pres-
ent in all molecular subtypes, they are most
common in CMS3 (in 68 %) [11, 13, 14]. The
metabolic subtype is characterized by a higher
frequency of KRAS mutations, which affects
the therapy with anti — epidermal growth factor
(EGFR) monoclonal antibodies [15-17].

4. CMS4 tumors (mesenchymal, 23 %) show in-
creased expression of genes involved in the
epithelial-mesenchymal transition and indicate
activation of transforming growth factor-g, with
expression of genes involved in complement-
related inflammation, matrix remodeling, stromal
invasion, and angiogenesis. CMS4 tumors exhibit
very low levels of hypermutation, MSS status, and
very high levels of somatic copyability. CRC CMS4
is manifested by a mesenchymal phenotype and
an inflammatory microenvironment with innate
immune cells [13]. Patients with the CMS4 sub-
type, often diagnosed at late stages, have worse
overall survival and worse relapse-free survival
than patients in other CRC groups [11, 14, 15].

As can be seen from the above, the molecular
subtypes of CRC differ not only in their molecular

CocTosHue ﬂp06ﬂeMbI

features, but also in their clinical course and sensi-
tivity to chemo-radiation therapy.

Along with the development of molecular classi-
fication, an attempt was made to introduce it into
clinical practice. In Sadanandam et al. the relation-
ship between the molecular subtypes of cancer and
the possible response to the prescribed treatment
was revealed. In patients with a generalized form of
the disease, the response rate to FOLFIRI first-line
chemotherapy was 71 %. The response to cetuximab
therapy was evaluated in a group of 80 patients by
the molecular subtype, which was observed in 54 %
of patients. Two groups were identified: sensitive
and resistant to cetuximab [18].

Research results from Okita et al. they indicate
a relationship between the molecular subtype of
CRC and the effectiveness of the therapy. More than
193 patients with generalized CRC were divided into
subtypes: CMS1 (N = 21), CMS2 (N = 53), CMS3
(N = 69), and CMS4 (N = 50). Then, the effective-
ness of irinotecan and oxaliplatin-based chemo-
therapy, as well as anti-EGFR therapy in specific
molecular subtypes, was analyzed. In the analyzed
group, longer progression-free survival and overall
survival (S) were observed in patients receiving
irinotecan as first-line chemotherapy compared
to oxaliplatin therapy (p<0.01). The percentage of
objective responses was higher in the irinotecan
group (for the CMS4 subtype, it was 80 %). The
lowest response rate to the therapy was observed
in the CMS1 subtype [19].

Table 1. Molecular subtypes of CRC

CMS1T Immune
Characteristics

(microsatellite

CMS2 (canonical)

CMS3 (metabolic rate)

CMS4 (mesenchimal)

unstable)
Frequency of 9 o 9 o
occurrence 14% 37 % 13% 23 %
Molecular Increased MSI gene epithelial heterogeneous TGF-b activation;

characteristics:

expression

differentiation;
activation of the WNT
and MYC signaling
pathway; high somatic
copyability

by MSI; metabolic
dysregulation; low
somatic copyability

epithelial-
mesenchymal
transition; high
somatic copyability

BRAF/KRAS
mutations’ presence

BRAF mutations

KRAS mutations

Tumor’s localisation

Right-sided localisation

Left-sided localisation

Mixed localisation

Left-sided localisatio

Clinical flow,
prognosis:

Positive flow

better survival rates
after relapse

worst survival after
relapse
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Conclusions of Marta Frackowiak et al. they corre-
spond to the results presented by Fontan and Sandals
at the ASCO Gl conference (2018). In the group of
patients with "wild type" RAS, the objective response
to anti-EGFR therapy was differentiated depending
on the subtype: CMS1-20 %, CMS2-76 %, CMS3-23 %,
and CMS4-88 % [20].

It is believed that there is a relationship between
the molecular subtypes, the localization of the pri-
mary tumor, and the prognosis. In the course of the
FIRE-3, CRYSTAL study, it was proved that the local-
ization of the primary tumor in the proximal colon is
an unfavorable prognostic factor [21].

A retrospective analysis of data from 728 patients
participating in the CALGB/SWOG 80405 study (com-
paring bevacizumab and cetuximab in combination
with first-line chemotherapy for metastatic CRC)
showed that patients with left-sided localization have
a significantly higher survival rate than patients with
right-sided localization. The median OS for left-sid-
ed localization was 32.9 months compared to 19.6
months for right-sided localization (p<0.0001). In pa-
tients with the "wild" type of KRAS/BRAF treated with
cetuximab, OS was greater in left-sided localization
than in right-sided localization (40.3 months and 18.4
months, respectively, p=0.003). In the group with the
BRAF mutation treated with bevacizumab, the results
were more favorable for right-sided localization (23.7
months and 12.0 months, respectively, p=0.035). Of
the cases of left-sided tumor location, the majority
were subtypes CMS2 and CMS4, and of the cases of
right-sided location-CMS1 and CMS3 [22].

Results of the study by Sagawa et al. it was shown
that in the group of patients treated with cetuximab,
0S was better in patients with left-sided tumors (50.6
months and 10.5 months, p=0.0004) [23].

An additional analysis conducted in the frame-
work of the FIRE-3 project (AIO KRK-0306), which

compared the effectiveness of cetuximab and bev-
acizumab in combination with FOLFIRI first-line
chemotherapy, depending on the subtype, noted an
association between OS and the CRC subtype and
the type of treatment. In the CMS4 group, this rela-
tionship was statistically significant, and the median
0S for cetuximab and bevacizumab was 41.3 months
and 22.3 months, respectively (p=0.016) [24].

The availability of molecular genetic studies cur-
rently used in other types of cancer may be a pre-
requisite for targeted therapy of specific subtypes of
CRC. Approximately 3 % of CMS3 and 5 % of CMS4
have high expression of the HER2 receptor protein.
In these cases, antibodies against HER2 or tyrosine
kinase inhibitors, such as lapatinib and neratinib,
may be active. Attempts to use immunotherapy with
checkpoint inhibitors (in particular, pembrolizumab
and nivolumab) may be most effective in CMS1 [25].

CONCLUSIONS

The molecular genetic classification of CRC sub-
types is of prognostic importance and may influence
the selection of optimal treatment. According to the
literature analysis, the advantage of bevacizumab
in CMS3 and cetuximab in CS4 and CS2 was noted.
The benéefits of irinotecan therapy were mainly noted
in patients with CS3 and CS4, and in CMS2 it is less
effective.

The optimal treatment for CMS 1 is a combination
of oxaliplatin with bevacizumab, CMS 2-cetuximab in
combination with oxaliplatin or irinotecan, CMS3-ox-
aliplatin with cetuximab, and CMS4-irinotecan with
cetuximab.

The molecular genetic classification of CRC sub-
types is important for predicting the clinical course
of the disease and the adequate selection of drug
therapy regimens, and today requires further study.
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