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ABSTRACT
Relevance: Molecular genetic testing to determine the patient's genotype and tumor molecular profile is a key component of a 

personalized approach to treatment and follow-up. Current research in genetic screening focuses on transitioning from phenotypic 
diagnostic panels and PCR testing of predisposition genes to large panels that include many identified genes or whole-genome 
sequencing. Multigene testing is widely used across colorectal cancer (CRC) diagnostics and therapy, where genetic components make 
a significant contribution. Currently, practical oncology requires a review of high-throughput sequencing systems for the genetic 
screening of hereditary and sporadic CRC variants and for the optimization of early diagnosis in relatives of patients.

The study aimed to review the methodology and current results of next-generation sequencing (NGS) applications for genetic 
screening of hereditary and sporadic colorectal cancer.

Methods: This analytical review included 70 original research and review articles available in open-access databases, including 
Google Scholar, Web of Science, SpringerLink, Scopus, ScienceDirect, PubMed, and BMJ.

Results: NGS-based multigene testing enables the simultaneous analysis of multiple genes involved in carcinogenesis, the 
identification of germline pathogenic mutations associated with hereditary tumor syndromes, and the detection of genetic variants in 
less-studied regions of genes, such as introns and untranslated regions, which help identify previously unknown factors predisposing 
to colorectal cancer.

Conclusion: Molecular genetic diagnostics facilitate personalized treatment of patients and individualized clinical examination 
of relatives from risk groups. However, although approximately 25% of CRC cases are familial, fewer than 5% of families are studied 
genetically. The analyzed data confirm the need to transition from phenotypic panels to comprehensive panels, encompassing all 
identified genes involved in hereditary tumor syndromes or whole-genome sequencing. In addition, identifying new variants with 
moderate and low penetrance, as well as those with uncertain functional significance, expands the phenotypic spectrum of CRC and 
necessitates further studies to determine their inclusion in diagnostic sequencing panels.
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Introduction: It has been established that approxi-
mately 25% of colorectal cancer (CRC) cases are associat-
ed with a family history of cancer or colorectal adenomas, 
and up to 5% arise in the context of hereditary cancer syn-
dromes (HCS) with a relatively clear clinical picture and 
known causative mutations [1]. However, in the majority 
of cases, the genetic etiology of the disease remains uni-
dentified. Families with clustering of CRC cases are hetero-
geneous with respect to phenotype, inheritance patterns, 
and lifetime cancer risk [2]. At the same time, establishing 
an accurate genetic diagnosis and identifying mutations 
significantly improves the effectiveness of early diagno-
sis and personalized treatment for patients, as well as the 
monitoring of conditionally healthy relatives [3]. The diag-
nosis of HCS influences therapeutic approaches (total/sub-
total colectomy vs. segmental resection; choice of chemo-
therapy regimen) and follow-up care (colonoscopy and CT 

scan frequency; detection of possible extracolonic mani-
festations and metachronous tumors) [4]. Multigene test-
ing (MGT) for conditionally healthy blood relatives of pa-
tients with familial and hereditary CRC is relevant, as it 
enables early diagnosis optimization. In Kazakhstan, only 
isolated studies based on next-generation sequencing 
(NGS) have been published to date, focusing on the fre-
quency and spectrum of pathogenic germline mutations 
(GM) in patients and their relatives. At the same time, as 
shown, the proportion of Kazakhstani patients with a he-
reditary burden (HB) accounts for approximately 15% [5]. 
This underscores the relevance of implementing NGS test-
ing in genetic screening and early diagnosis of CRC, as well 
as the interest in published data on methodology and re-
sults across different age and ethnic groups of patients. 

The study aimed to review the methodology and cur-
rent results of next-generation sequencing (NGS) appli-
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cations for genetic screening of hereditary and sporadic 
colorectal cancer.

Materials and Methods: Original studies and review 
articles available in open-access academic databases were 
analyzed, including Google Scholar, Web of Science, Sprin-
gerLink, Scopus, ScienceDirect, PubMed, and BMJ, to re-
view the approaches and results of MGT in genetic screen-
ing for CRC. A total of 114 sources were identified, of which 
70 were included in the review. The selection criteria for 
articles were: the use of NGS as the primary experimental 
method with “hybrid” gene panels; the description of nov-
el, previously unannotated mutations; and study designs 
that included young patients, patients with familial and 
hereditary forms of CRC, and relatives of patients.  

Results:  NGS-based multigene testing (MGT) enables 
the simultaneous analysis of multiple genes involved in 
carcinogenesis, the identification of germline pathogen-
ic mutations leading to tumors or HCS [6-8], as well as the 
detection of genetic variants in less studied regions of 
genes, such as intronic and untranslated regions, which 
contributes to the identification of new, previously un-
known cancer predisposition factors [9-11]. The use of 
“hybrid” diagnostic panels makes it possible to identify 
various types of genomic instability – copy number varia-
tions (CNVs), gene fusions, loss of heterozygosity (includ-
ing copy-neutral LOH), ploidy, breakpoint detection, mo-
saicism, clonal heterogeneity, chromothripsis – as well 
as to assess the methylation status of oncogenes, tumor 
mutational burden, and microsatellite instability (MSI). 
These approaches are actively implemented in the com-
prehensive molecular genetic analysis of sporadic and 
hereditary CRC [12, 13]. 

As shown by S.A. Schubert et al., although approxi-
mately 25% of CRC cases are “familial”, about 95% of indi-
viduals with HB do not undergo molecular genetic test-
ing [2]. According to N.J. Samadder et al., in the United 
States, approximately half of CRC patients with clinical-
ly significant genetic variants (mutations) are not identi-
fied when diagnostics are based solely on standard clin-
ical guidelines and criteria [14, 15]. Currently, even for 
researchers from countries with well-characterized pop-
ulations, it remains unclear how many CRC patients and 
their relatives could benefit from NGS testing using large 
gene panels [16]. 

The concept of a loss-of-function (LoF) mutation is 
not equivalent to that of a pathogenic mutation or path-
ogenic genetic variant that leads to the phenotypic man-
ifestation of a disease. The effect of the latter and its 
correlation with carrier status must be confirmed by 
case-control studies or functional assays [17]. Similarly, 
a distinction is made between established cancer predis-
position genes, whose roles in carcinogenesis are clearly 
defined, and candidate genes, whose associations with 
tumor development are yet to be determined. The con-
vergence of somatic and germline mutation profiles is 

well established in CRC genetics. For example, universal 
testing for mismatch repair (MMR) deficiency is a wide-
ly accepted approach to identify patients with germline 
mutations or Lynch syndrome (LS). While targeted test-
ing of germline mutations in known genes can confirm a 
diagnosis of LS (or another specific HCS), large-panel se-
quencing detects GMs whose clinical significance is am-
biguous and difficult to interpret.

In a comparative study of a heterogeneous group of 
Russian patients, A. Bilyalov et al., using a 44-gene panel, 
identified pathogenic variants (PVs) and likely pathogenic 
variants (LPVs) in 21.6% of patients with CRC, gastric cancer 
(GC), pancreatic cancer (PC), breast cancer (BC), and ovar-
ian cancer (OC), with a mean age of onset of 44.5 years. 
Most of the mutations (39.4%) were detected in the BRCA1 
and BRCA2 genes. The second most frequent were variants 
in the CHEK2 gene (9.8%), and the third most frequent were 
variants in the ATM gene (6.3%), which were found in cas-
es of PC and BC. In patients with CRC, the highest number 
of PVs was identified in the MLH1 and APC genes. A previ-
ously unknown PV, c.160_166del in the MLH1 gene – a 7 bp 
deletion in exon 2 – leads to the formation of a premature 
stop codon. In the same study, patients with multiple pri-
mary tumors (MPTs) were found to carry previously unan-
notated LPVs in the MSH2 gene (c.893del and c.1729del) in 
a heterozygous state, resulting in a frameshift and forma-
tion of a premature stop codon [18]. 

It is well known that cancer risk and survival outcomes 
correlate with mutations in specific genes associated 
with LS. Although P. Møller et al. previously estimated 
the cumulative risk of CRC by age 75 to be 46% for car-
riers of heterozygous MLH1 mutations and 43% for carri-
ers of heterozygous MSH2 mutations, the mean age at di-
agnosis, according to most publications, is 44 years [19]. 
Germline defects in MMR genes – MLH1, MSH2, MSH6, and 
PMS2, which form the molecular basis of LS – typically rep-
resent nucleotide-level changes within exonic sequenc-
es. These mutations induce generalized genomic insta-
bility, particularly at microsatellite loci. Loss of expression 
of MLH1 and MSH2 protein products, detected by immu-
nohistochemistry (IHC), is used to identify patients with 
hereditary nonpolyposis colorectal cancer (HNPCRC) and 
germline mutations in the respective genes. It has been 
shown that the absence of known mutations or MSI in 
the tumor does not exclude a diagnosis of HNPCRC (so-
called HNPCRC type X syndrome), and therefore necessi-
tates sequencing to identify other germline mutations, as 
well as somatic mutations in the second allele or loss of 
heterozygosity [20]. 

Mutations in the EPCAM locus are associated with dis-
ruptions in cell migration, adhesion, proliferation, and sig-
naling processes. It is known that 3’-deletions in EPCAM 
lead to hypermethylation of the MSH2 promoter, ultimate-
ly resulting in the phenotypic manifestation of LS. How-
ever, it remains unclear whether mutations in other re-
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gions of EPCAM, including splicing regions, contribute to 
LS pathogenesis. 

MLH genes are involved in maintaining genomic integ-
rity during DNA replication and meiotic recombination. 
Studies on the association between germline MLH3 mu-
tations and the development of HNPCRC have not estab-
lished a clear link. Previously, H.X. Liu et al. demonstrat-
ed that MLH3 is a low-penetrance gene. Furthermore, in a 
study of DNA isolated from tumor tissue, MLH3 mutations 
did not correlate with MSI levels, suggesting that this locus 
may not be involved in carcinogenesis by disrupting MMR 
mechanisms [21].

Recent publications report novel pathogenic variants 
in other MMR loci. M. Djursby et al., using a 32-gene pan-
el, identified two variants in the PMS2 gene in a cohort of 
young patients (under 40 years of age) [22]. The indel var-
iant c.736_741delinsTGTGTGTGAAG/p.Pro246Cysfs*3 is an-
notated in the InSiGHT database as pathogenic and was 
previously identified in European patients [23]. The splice-
site variant c.2275+1G>C, previously undescribed, was clas-
sified by the authors as an LPV based on results from long-
range PCR, IHC, and in silico analysis. In the same study, a 
mutation in MSH2 (c.2168C>T/p.Ser723Phe) was reported 
in a cohort of patients with familial forms of CRC. This var-
iant had been previously identified in members of a fam-
ily in Denmark and annotated in the InSiGHT database as 
a variant of uncertain functional significance. This variant 
was detected in a patient with MPTs – CRC (with loss of 
MSH2 expression and unknown MSI status) and ampullary 
duodenal adenocarcinoma (with loss of MLH1/PMS2 ex-
pression and MLH1 promoter methylation). The HB pattern 
in this patient is of particular interest: early-onset CRC in 
the parents (44 years, non-carrier of the mutation in ques-
tion) and extremely early-onset CRC in the offspring (25 
years), who was a carrier of the mutation. Ser-723 is a high-
ly conserved amino acid, and the c.2168C>T mutation is 
classified as pathogenic based on in silico analysis [22]. Pre-
vious studies using in vitro MMR models and human em-
bryonic stem cells have demonstrated that this mutation 
disrupts MMR and is pathogenic [24, 25].

 The GALNT12 gene product participates in the catal-
ysis of N-acetylgalactosamine (GalNAc) transfer from uri-
dine diphosphate N-acetylgalactosamine (UDP-GalNAc) 
to a serine or threonine residue on a polypeptide accep-
tor. This reaction constitutes the first step of a type of 
post-translational modification known as O-linked pro-
tein glycosylation. K. Guda et al. suggested that germline 
loss-of-function mutations in GALNT12 are associated 
with increased CRC risk [26]. The correlation between 
GALNT12 PVs and CRC was further confirmed by D.R. Ev-
ans et al. [27].

Mutations in the tumor suppressor gene APC (non-
sense or frameshift) lead to the formation of a premature 
stop codon and a functionally deficient protein. Loss of 
gene function may also result from hypermethylation. The 

APC gene, located on chromosome 5, encodes a protein 
that acts as a negative regulator of the evolutionarily con-
served canonical Wnt signaling pathway. A key function of 
this protein is the cytoplasmic degradation of β-catenin: 
normally, this mechanism prevents its translocation into 
the nucleus, where it acts as a co-activator of transcription 
factors from the TCF/LEF family, thereby preventing un-
controlled cell division. 

Several forms of familial adenomatous polyposis 
(FAP) are described, each characterized by different phe-
notypes. In Gardner-Turner syndrome, extracolonic man-
ifestations are prominent (GI polyps, tooth anomalies, os-
teomas, cutaneous fibromas, and epidermoid cysts); in 
Turcot syndrome, brain tumors (e.g., medulloblastomas) 
occur. Correlations have been reported between muta-
tion sites in the APC gene and corresponding clinical phe-
notypes. The classic form of FAP is caused by mutations 
in the central region of the gene, specifically between 
codons 168 and 1250, located closer to the 5’ terminus. 
The diffuse form of FAP is observed in patients with mu-
tations within codons 1285-1465. A missense variant, 
c.289G>A/p.Gly97Arg was described by M. Djursby et al. 
in siblings with the attenuated FAP (AFAP) phenotype, as 
well as in other family members [22]. This variant had pre-
viously been reported in AFAP patients in a study by D. 
Wang et al. [28]. The mutation leads to the formation of 
a cryptic splice acceptor site, disrupting normal splicing, 
and is annotated as an LPV. 

Recently, a growing body of evidence has emerged re-
garding genetic alterations responsible for familial forms 
of CRC that are not related to HNPCRC or FAP. This cate-
gory includes mutations in the POLE, POLD1, and NTHL1 
genes, identified through genome-wide association stud-
ies (GWAS) [29].

The POLE gene encodes the catalytic subunit of DNA 
polymerase epsilon, one of the four nuclear DNA poly-
merases involved in DNA repair. Homozygous patho-
genic mutations in POLE cause autosomal recessive syn-
dromes, such as FILS (OMIM #615139) and IMAGE-I (OMIM 
#618336) [18, 30-31]. According to P. Mur et al., germline 
PVs in POLE and POLD1 are most frequently associated 
with CRC, endometrial cancer (EC), and OC [32]. Heterozy-
gous variants in POLE that alter the structure of the exo-
nuclease domain are associated with an increased risk of 
CRC. Further studies confirmed this association and iden-
tified numerous clinically significant pathogenic variants 
in POLE [33]. In the previously mentioned study, A. Bily-
alov et al. described a novel LPV in POLE – c.802-2A>G 
– in a CRC patient. This variant represents a single-nu-
cleotide substitution in the canonical splice site. Accord-
ing to the authors, the variant may lead to loss of func-
tion in the exonuclease domain or the entire protein [18]. 
M.F. Hansen et al. reported a PV in POLE c.1373A>T/p.Tyr-
458Phe was identified in three individuals from the same 
family. The inherited mutation c.824A>T/p.Asp275Val was 
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identified in a patient with OC and HB (CRC), and was in-
itially considered a somatic alteration in EC, rather than 
a germline PV [34]. Previously, A. Rohlin et al. [35] and P. 
Vande Perre et al. [36] described the variant c.1089C>A/p.
Asn363Lys in two large families with a phenotype includ-
ing multiple tumors. The mutation affects the highly con-
served amino acid Asn-363 in the exonuclease domain of 
POLE; however, to date, only missense variants in this do-
main have been considered pathogenic [37]. M. Djursby 
et al., who identified this same variant in a cohort of pa-
tients with very early-onset disease (under 40 years), re-
classified it as a likely pathogenic variant based on in sili-
co analysis and segregation data in families, as previously 
published by Rohlin and Vande Perre [22].

The serine/threonine kinase ATM is a member of the 
phosphoinositide 3-kinase-related protein kinase fami-
ly and plays a critical role in the cellular response to DNA 
damage. Loss-of-function PVs in the ATM gene cause atax-
ia-telangiectasia, a rare autosomal recessive disorder char-
acterized by neurodegeneration, increased radiation sen-
sitivity, immunodeficiency, and cancer predisposition. 
Heterozygous carriers of germline PVs have an increased 
risk of developing various types of cancer, including BC [18, 
38]. Hansen et al., using a 112-gene panel for sequencing, 
identified pathogenic germline mutations c.8494C>T/p.
Arg2832Cys and c.8584+2T>C in patients with CRC – one 
of whom had a family history of BC, and the other had HB 
with synchronous tumors and polyposis. The same study 
also described patients with early-onset CRC and PVs in 
the BRCA genes. In carriers of BRCA1 c.4096+3A>G and 
BRCA2 c.2808_2811del/p.Ala938Profs*21, the family histo-
ry included CRC, BC, and OC. Based on a segregation anal-
ysis within the family, the authors concluded that variant 
c.4096+3A>G in the patient and their first-degree relative 
is associated with CRC predisposition to a greater extent 
than with BC or OC [34].

In a cohort of Norwegian and Australian patients pre-
viously tested for LS, M.F. Hansen et al. described a PV in 
the PTEN gene in a patient with MPTs consistent with the 
Cowden syndrome spectrum [34]. The missense variant 
c.377C>T/p.Ala126Val is located in a highly conserved cat-
alytic domain and, as shown by Costa et al., results in the 
formation of a completely inactive protein [39]. The CHEK2 
variant c.1100del/p.Thr367Metfs*15 was identified in a pa-
tient with early-onset CRC (age 37). This mutation has pre-
viously been described as being associated with BC, CRC, 
and prostate cancer.

In addition to variants in high-penetrance loci, NGS 
platforms are increasingly used to study mutations in 
moderate- and low-penetrance genes, such as GALNT12 
[23] and EXO1 [40], as well as the effects of heterozy-
gous PVs in autosomal recessive genes like NTHL1 and 
MSH3 [41, 42].

Discussion: NGS and GWAS are currently widely used 
to identify the etiology of familial CRC by detecting new 

candidate genes and PVs whose association with CRC has 
not yet been confirmed through case-control studies [43, 
44]. In addition, whole-exome sequencing (WES) is applied 
to identify homozygous and polygenic mutations in cases 
of FAP, LS, or other familial forms of CRC [45, 46]. Polygen-
ic variation has also been recognized as a potential cause 
of increased penetrance in LS [47]. The selection of candi-
date genes (panel design) for sequencing may be based 
on prioritization scores [48]; however, WES may also pro-
vide clinically significant information from non-coding re-
gions of the genome. Using extended panels for WES, it is 
possible to expand the scope of analysis to include regions 
beyond exons, such as 5’ untranslated regions to capture 
transcription factor binding sites and reading frames, and 
3’ untranslated regions to identify microRNA binding sites 
involved in gene regulation. 

Mendelian inheritance syndromes account for ap-
proximately 5% of all CRC cases in which hereditary fac-
tors play an etiological role. These syndromes are caused 
by mutations and epimutations in well-studied predispo-
sition genes, including MLH1, PMS2, MSH2, MSH6, EPCAM, 
APC, SMAD4, BMPR1A, STK11, MUTYH, PTEN, KLLN, PIK3CA, 
AKT1, POLE, POLD1, AXIN2, BUB1, and BUB3. It is not un-
common for a patient’s personal or family history to re-
quire the simultaneous evaluation of multiple high-pene-
trance genes with known clinical impact – especially when 
clinical criteria for several syndromes are met within a sin-
gle family (a phenomenon known as phenotypic overlap, 
often attributed to gene pleiotropy) [34], or when the pa-
tient presents with metachronous or synchronous tum-
ors. When detailed family history is unavailable or when 
there is a high likelihood of a syndrome in individuals who 
do not meet standard diagnostic criteria, MGT is warrant-
ed. In clinical genetic counseling, patients with previous 
negative or inconclusive results from single-gene testing 
but with a clear familial predisposition to cancer should 
undergo NGS-based testing using multigene panels [49]. 
MGT is particularly clinically valuable in colorectal tumors 
with overlapping phenotypes, where differential diagno-
sis requires the analysis of multiple genes. For example, in 
Lynch syndrome, NGS may be more appropriate when IHC 
results are inconclusive. 

In some families with FAP or LS-like features, no muta-
tions are detected in APC, MUTYH, or MMR genes. Recent-
ly, mutations in POLE, POLD1, and other DNA repair genes 
have been identified in such families, leading to the di-
agnosis of “polymerase proofreading-associated polypo-
sis” [37]. Considering the evidence of the functional sig-
nificance of newly identified genes and the “phenotypic 
overlap” of the most common hereditary syndromes, as 
well as cases in which mutations in more than one gene 
may cause the condition, MGT represents a cost-effective 
approach to molecular genetic analysis and allows for the 
detection of mutations that are not identified through 
candidate gene testing [50]. Comprehensive genomic 
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profiling can be implemented in several formats: testing 
both tumor and normal tissue, testing tumor tissue only, 
or using circulating tumor DNA (the so-called “liquid bi-
opsy”). For MGT performed using tumor-only DNA, the 
ESMO Precision Medicine Working Group (ESMO-PMWG) 
has proposed a PV filtering strategy to confirm germline 
origin. This strategy considers factors such as age at di-
agnosis, cancer type, the clinical significance of the gene, 
and the variant’s allele frequency in tumor tissue [51]. The 
germline conversion rate for each gene is calculated as 
the ratio of germline PVs to the total number of PVs iden-
tified in the tumor.

In current molecular oncology practice, gene pan-
els are used for targeted or broad NGS-based sequenc-
ing. Diagnostic panels allow for a more comprehensive as-
sessment of syndromic conditions and the evaluation of 
CRC risk in patients’ relatives. Panels routinely used in the 
U.S. (e.g., NCCN, Ambry Genetics®) include genes associ-
ated with: FAP (APC), MUTYH-associated polyposis (MU-
TYH), Peutz-Jeghers syndrome (STK11), juvenile polypo-
sis (BMPR1A, SMAD4), Lynch syndrome (MLH1, MSH2, MSH3, 
MSH6, PMS2, EPCAM), polymerase proofreading-associated 
polyposis (POLE, POLD1), PTEN-related polyposis, and oth-
er genes whose association with familial or hereditary CRC 
has been confirmed in case-control studies (AXIN2, ATM, 
GALNT12, CHEK2, GREM1, NTHL1, and TP53). However, imple-
menting such panels in Kazakhstan’s oncology practice is 
limited, as the gene sets were designed for patient cohorts 
from the U.S., Europe, Southeast Asia, and China, whose 
ethnic-genetic backgrounds differ from those of the Ka-
zakh population. It is known that some pathogenic vari-
ants exhibit ethnic and racial specificity in modulating CRC 
risk. Another limiting factor is the restricted scope of any 
diagnostic panel used for sequencing; in particular, the ab-
sence of clinically relevant genes such as GSTM1, GSTT1, 
DCC, and RAS in several commercial panels [50]. 

Conclusion: Over the past decade, multigene panels 
based on next-generation sequencing (NGS) have been 
introduced into both fundamental and practical oncol-
ogy, enabling the analysis of multiple genes associated 
with specific HCS. This approach identifies variants in less 
well-studied gene regions and improves understanding 
of the mechanisms underlying predisposition to colorec-
tal cancer (CRC), including early-onset disease. The NGS 
methodology enables the identification not only of path-
ogenic mutations but also of variants of uncertain func-
tional significance, which may influence CRC predisposi-
tion. Variants in the BRCA1, BRCA2, DICER1, FANCC, FANCM, 
and TSC2 genes, which alter protein function by disrupt-
ing critical cellular and tissue processes these genes regu-
late, expand the phenotypic spectrum of malignancies in 
CRC and help identify synchronous and metachronous ne-
oplasms in other organs [50]. This personalizes treatment 
strategies for patients and enables early diagnosis and 
medical surveillance for their relatives.
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ОБЗОР ЛИТЕРАТУРЫ
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Актуальность: Молекулярно-генетическое тестирование для определения генотипа пациента и молекулярного профиля 
опухоли представляет собой ключевой компонент персонализированного подхода к лечению и диспансеризации. Современные 
исследования в области генетического скрининга фокусируются на переходе от диагностических панелей, основывающихся 
на фенотипе, и ПЦР-тестирования отдельных генов предрасположенности к большим панелям или полногеномному 
секвенированию. Мультигенное тестирование находит широкое применение в различных областях диагностики и терапии 
колоректального рака (КРР), в возникновении которого значителен вклад генетических компонентов. В настоящее время 
в практической онкологии необходим обзор систем высокопроизводительного секвенирования для генетического скрининга 
наследственных и спорадических вариантов КРР и оптимизации его ранней диагностики у родственников пациентов.

Цель исследования – обзор методологии и современных результатов применения секвенирования нового поколения (NGS) 
для генетического скрининга наследственного и спорадического колоректального рака.

Методы: Проведен аналитический обзор 114 научных публикаций, включая оригинальные исследования и обзорные статьи, 
находящихся в открытом доступе в Google Scholar, Web of Science, Springer Link, Scopus, Science Direct, PubMed, BMJ. 

Результаты: Мультигенное тестирование на основе NGS позволяет проводить одновременный анализ множества генов, 
участвующих в канцерогенезе, идентифицировать герминальные патогенные мутации, ассоциированные с наследственными 
опухолевыми синдромами, а также генетические варианты в менее изученных областях генов, таких как интронные и 
нетранслируемые области, что способствует выявлению ранее неизвестных факторов предрасположенности к КРР и оценке 
их вклада в реализацию опухолевого процесса.

Заключение: Молекулярно-генетическая диагностика делает возможным персонализированное лечение пациентов и 
индивидуализированную диспансеризацию родственников из групп риска. Однако несмотря на то, что около 25% случаев КРР 
являются семейными, около 95% семей остаются генетически не исследованы. Проанализированные данные подтверждают 
необходимость перехода от панелей, основанных на фенотипе к большим панелям, включающим все идентифицированные 
гены, вовлеченные в наследственные опухолевые синдромы или секвенирование всего генома. Кроме того, идентификация 
новых вариантов с умеренной и низкой пенетрантностью или вариантов с неопределенным функциональным значением, 
обладающих патогенным эффектом по данным in silico анализа, расширяет фенотипический спектр КРР, и обусловливает 
необходимость дальнейших исследований этих вариантов для включения в диагностические панели.

Ключевые слова: колоректальный рак (КРР), патогенные мутации, секвенирование нового поколения (NGS), наследственный 
рак толстой кишки, генетический скрининг.
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панельдерге көшу қажеттілігін қолдайды. Сонымен қатар, орташа және төмен еніп кететін жаңа нұсқаларды немесе 
функционалдық мәні белгісіз нұсқаларды анықтау КҚІ фенотиптік спектрін кеңейтеді және диагностикалық секвенирлеу 
панельдеріне қосу үшін осы нұсқаларды әрі қарай зерттеуді қажет етеді.

Түйінді сөздер: Колоректальды қатерлі ісік (КҚІ), патогендік мутациялар, келесі ұрпақ секвенирлеу, тұқым қуалайтын 
тұқым қуалайтын тоқ ішек қатерлі ісігі, генетикалық скрининг.




