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Colorectal cancer (CRC) is one of the most common oncological diseases worldwide, characterized by
high incidence and mortality rates. With the advancement of modern technologies, new approaches to the
diagnosis and treatment of malignant tumors are being actively developed across the globe. The development
and implementation of minimally invasive diagnostic methods, as well as tools for early disease detection,
represent key objectives in contemporary oncology.

Over the past decade, there has been growing interest in the minimally invasive liquid biopsy technology,
which is based on the analysis of circulating tumor DNA (ctDNA) in biological fluids. This method, allowing for
the assessment of ctDNA level dynamics, contributes to improving diagnostic accuracy and selecting more
effective treatment strategies. Moreover, ctDNA enables the timely detection of minimal residual disease
(MRD) and the prevention of disease recurrence.

Modern analytical techniques such as digital PCR (dPCR) and next-generation sequencing (NGS)
ensure rapid and precise detection of driver mutations. Analysis of diagnostic and therapeutic studies in CRC
demonstrates that ctDNA is among the most significant biomarkers. Promising evidence suggests that ctDNA
may serve as a potential tool for CRC screening, although further validation is still required. The implementation
of this method into clinical practice will enable preventive and personalized treatment approaches, which, in
turn, may reduce disease incidence and mortality rates.
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INTRODUCTION

Oncological diseases remain one of the most
significant global healthcare challenges. CRC ranks
third in prevalence among malignant neoplasms:
about 2 million new cases are diagnosed annually,
and this figure is projected to rise to 3.2 million by
2040 [1]. In terms of mortality, CRC holds the second
position worldwide: in 2020 alone, the disease claimed
approximately 1 million lives, and by 2040, the number
of deaths may reach 1.6 million [2, 3]. In Kazakhstan,
colorectal cancer also ranks third in both incidence
(9.3%) and mortality (10.6%) among the population [4].

The increasing incidence of CRC requires the
development of new approaches to the diagnosis
and treatment of patients. The primary methods for
diagnosing CRC today are instrumental techniques
such as colonoscopy, sigmoidoscopy, MRI, and CT
of the abdominal and pelvic organs [5]. Laboratory
methods, including the fecal occult blood test
(FOBT), fecal immunochemical test (FIT), and tumor
biomarker studies, serve as practical screening tools
[6]. Nowadays, determining the molecular biomarkers
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of a tumor is a crucial step in selecting the most
effective treatment option in clinical practice [7, 8,
9]. Tissue biopsy remains the conventional method
for obtaining molecular characteristics of a tumor,
including cancer type, gene mutations, levels of gene
expression, and data for screening.

Nevertheless, this approach has several
limitations: it requires invasive surgical procedures
that may cause pain, discomfort, and potential clinical
risks or complications [10]. Furthermore, certain
tumors are in anatomically challenging areas, making
tissue sampling difficult or, in some cases, unfeasible.
In addition, a biopsy may carry a risk of promoting
metastasis [11]. These challenges underscore the
need for minimally invasive biomarkers that can detect
and monitor disease progression at various stages of
treatment, with the advantage of allowing repeated
assessments over time. A promising alternative to
tissue biopsy is the application of liquid biopsy.

In this review, we aimed to systematize
information on the prospects for using ctDNA as a
biomarker in clinical oncology.
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Liquid biopsy in oncology

Liquid biopsy represents a minimally invasive
diagnostic approach that examines various biological
fluids — most commonly blood, but also urine, saliva,
or cerebrospinal fluid — to identify molecular markers
associated with disease, particularly cancer. Rather
than relying on conventional tissue sampling through
surgery or biopsy, this technique detects circulating
tumor cell-free nucleic acids, primarily circulating
cell-free DNA (cfDNA) and cell-free RNA (cfRNA),
as well as circulating tumor cells (CTCs), exosomes,
and other tumor-derived biomarkers present in the
bloodstream. cfDNA was first described in 1948 [12],
and its clinical significance became evident decades
later with its introduction into prenatal diagnostics
[13, 14]. The incidental detection of cancer during
prenatal testing demonstrated the potential of cfDNA
in oncology [15], leading to the development of this
method for tumor mutation analysis. Today, liquid
biopsy is regarded as an essential complementary
tool in cancer diagnosis and monitoring [16, 17, 18].
This diagnostic method is vital for several reasons.
First, it enables the confirmation of a primary tumor,
which is particularly valuable since approximately
30% of cancer patients (most commonly with lungs,
liver, or pancreatic cancer) cannot undergo invasive
procedures due to the inaccessible location of the
tumor or severe clinical condition. Second, it is used
for prognosis and disease stratification [19]. Third, it
allows the assessment of tumor sensitivity to therapy,
as resistance to chemotherapy or radiotherapy
may develop during treatment [18, 20]. In addition,
this approach contributes to personalized therapy
and facilitates the detection of metastases and
recurrences.

Liquid biopsy has already been implemented
in clinical practice in several countries, including the
USA, EU, China, Japan, and South Korea (Table
1). However, its use depends on the type of tumor
and the analytical method employed. For example,
in the USA [21], Singapore [22] and China [23],
liquid biopsy is widely used for the diagnosis and
treatment of EGFR-driven non-small cell lung cancer
(NSCLC). In Germany, France, the United Kingdom
[24], Japan and South Korea [22] liquid biopsy is
applied to identify mutations for targeted therapy
and to predict treatment response in patients with
CRC. The technology of liquid biopsy has not yet
been introduced into clinical practice in Kazakhstan.
Furthermore, ongoing efforts in this area remain at
the research and exploration stage.

Circulating cell-free DNA

cfDNA represents a fraction of nucleic acids
circulating in body fluids, predominantly as short
double-stranded fragments (100-200 bp) or larger
fragments (up to 1000 Kb) [26]. cfDNA is a general
term that encompasses all DNA fragments circulating
in body fluids (primarily in the blood). These fragments
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may originate from normal cells of the body because
of biological processes such as apoptosis and
necrosis of blood, liver, and other cells, as well as
from mitochondria, or from microorganisms (e.g.,
bacteria and viruses) present in the host organism
[27]. Regarding the mechanisms of cfDNA release,
numerous studies employing various preclinical in
vitro and in vivo models have demonstrated that its
liberation is modulated by a combination of apoptotic
processes, cellular senescence, and their respective
inhibitors. Notably, the study by A. Rostami et al.
reported that senescence may counteract the release
of cfDNA.

Furthermore, it has been demonstrated that
exposure to ionizing radiation results in necrosis being
the predominant mode of cell death, contributing
to cfDNA release, whereas apoptosis plays a
comparatively minor role in specific tumor types [28].

Within the total pool of cfDNA, a tumor-specific
fraction is referred to as ctDNA. The application of
cfDNA in oncology has gained wider popularity due
to its significantly elevated concentration in cancer
patients, reaching levels up to 100 times higher than
in healthy individuals. This fraction harbors mutations
that mirror those found in the primary tumor [29].
Consequently, ctDNA can provide comprehensive
biological insights, including mutational changes that
emerge in response to therapy.

Although the first studies on cfDNA were
primarily focused on oncology, today there is
considerable interest in cfDNA from researchers
in many other fields of medicine, including prenatal
diagnostics [30] and transplantation [31].

Cell-free DNA detection methods

ctDNA s typically present in biological samples
at very low concentrations, which for a long time
limited its detection by conventional sequencing
methods, such as Sanger sequencing, due to their
insufficient sensitivity to rare mutant variants. As a
result, mutation-specific digital PCR remained the only
approach capable of providing adequate accuracy
and specificity for identifying weak tumor-derived
signals [32]. Multiple interlaboratory and validation
studies report that dPCR can reliably detect mutant
allele fractions down to the 0.01-0.1% range (and,
under optimized conditions, even lower), depending
on DNA input, assay design, and partition number
[33]. dPCR assays demonstrate excellent specificity
for single-nucleotide variants and small indels, which
explains their widespread use for targeted mutation
monitoring. For example, in a study of 77 patients
using cfDNA from the peripheral blood of lung cancer
patients, dPCR analysis demonstrated superior
sensitivity in detecting EGFR mutations in the blood
[34].In a study conducted by a research team from the
King Faisal Specialist Hospital and Research Center
in Riyadh, the BRAF V600 mutation was analyzed in
the ctDNA fraction present in the plasma of patients
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Table 1 — Regulatory Approvals of Liquid Biopsy Tests by Country

gz;ir:)t:ly/ Regulatory Authority Approved Test(s) Notes on Indication
First FDA-approved NGS-based
liquid biopsy companion diagnostic
United States FDA (Food and Drug Fofﬁjggzgggg(gaghid for EGFR mutations in metastatic
Administration) CDx NSCLC. Also expanded to include
other indications (e.g. KRAS G12C,
HER2 mutations) [21]
European IVDR (EU in L\QgZ;irstglcsziﬂg%;ﬁ?ﬁtﬁﬁ:&lmgg
. vitro Diagnostic Guardant360 CDx . L ;
Union Regulation) diagnostic indications in NSCLC,
breast cancer etc [24]
Approved as a companion
- diagnostic for multiple indications
Japan II-\IAel_eizlﬁ\rlwv (Ll\g;)n(;itrr);r?; Guardant360 CDx, . including tumor mut_ation profiling
Welfare) OncoBEAM RAS CRC Kit for advance_d solid tumors;
NSCLC, MSI-High CRC etc. Also,
reimbursement approved [22]
Companion diagnostic (CDx) for
Approved by Singapore’s advanced solid cancers; mutation
Singapore Guardant360 CDx Health Sciences Authority profiling; also approved for NSCLC
(HSA) patients with EGFR alterations for
osimertinib (Tagrisso) [22]
. ; Genomic profiling from cfDNA
R Launched in India by .| across >300 genes, including MSI
. oche after FDA-approval, :
India Four_lda.tlonOne® available in Indian market and tumor m_utatlone_xl burqen —
Liquid CDx ; : used when tissue biopsy is not
or advanced solid tumors :
feasible or as a complementary
as pan-tumor test .
option [22]
AmoyDx Super-
China ARMS EGFR Governmental regulation / Companion diagnostic for EGFR-
Mutation Test CFDA (NMPA) mutation in NSCLC patients [23]
(plasma)
Multiple ctDNA/ National accreditation under Used for molecular diagnostics,
PCR / NGS-based Korea Ministry of Food mutation testing in NSCLC and
South Korea | mutation panels (e.g., | and Drug Safety (MFDS); possibly other solid tumors; some
EGFR, KRAS, ALK, several domestic ctDNA NGS-based panels, others PCR-
etc.) tests are officially accredited based [22]

with papillary thyroid carcinoma (PTC) using dPCR.
The findings demonstrated that the assay could
detect even minimal ctDNA levels (ranging from 0
to 2.07%). This high analytical sensitivity enabled
accurate assessment of disease status in PTC
patients based on ctDNA concentration fluctuations
in plasma (expressed in copies/mL), achieving a
sensitivity of 86% and a specificity of 90% [35].
Nevertheless, other methods are also available
for detecting ctDNA. A variety of approaches are
applied for the analysis of cfDNA, including BEAMing
(Beads, Emulsion, Amplification, and Magnetics)
[36], Amplification Refractory Mutation System
(ARMS) [37], which relies on allele-specific primers
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designed to amplify target mutations selectively, and
advanced sequencing strategies such as whole-
genome sequencing (WGS), whole-genome bisulfite
sequencing (WGBS-Seq), whole-exome sequencing
(WES), tagged-amplicon deep sequencing (TAm-
Seq), and cancer personalized profiling by deep
sequencing (CAPP-Seq) [38]. Direct comparative
analyses indicate that dPCR generally demonstrates
superior sensitivity and quantitative accuracy relative
to many single-target PCR methods, while also
offering a faster and more cost-efficient option than
broad NGS assays when monitoring a limited number
of predefined variants. By contrast, targeted NGS
platforms — particularly tumor-informed or ultra-
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deep sequencing strategies, afford more extensive
genomic coverage and enable the simultaneous
detection of multiple alterations [21, 22, 38]. Thus,
the choice between dPCR and NGS depends on
the clinical objective, whether the aim is to discover
novel variants or to conduct focused surveillance
of known mutations. Comparative studies and
systematic reviews have highlighted the trade-offs
among sensitivity, multiplexing capacity, cost, and
turnaround time.
Application of ctDNA in early diagnosis of CRC
ctDNAhas emerged as a promising noninvasive
biomarker for the early detection of CRC. Unlike
conventional diagnostic tools such as colonoscopy
or fecal occult blood testing, ctDNA analysis enables
the identification of tumor-associated molecular
alterations that can appear long before clinical or
radiological evidence of malignancy [39]. Advances in
NGS and digital PCR technologies have significantly
improved the sensitivity and specificity of detecting
somatic mutations, aberrant methylation patterns,
and other epigenetic changes characteristic of early-
stage CRC.

Several large-scale studies have demonstrated
that ctDNA methylation signatures, including those
of SEPT9 and SDC2 [40], possess high diagnostic
accuracy and may serve as practical screening tools,
particularly in populations at an increased risk of
CRC [41]. The integration of ctDNA-based assays
into routine clinical screening protocols has the
potential to enhance early cancer detection, increase
participation in screening, and ultimately reduce
CRC-related mortality [42].

Nevertheless, despite recent advances, the
sensitivity of this approach as a biomarker for early
cancer detection remains suboptimal in the context of
solid tumors. Data from a study involving 123 patients
with locally advanced rectal cancer (LARC) indicate
that total cfDNA at diagnosis has moderate prognostic
value: patients with cfDNA levels above the 75th
percentile exhibited poorer disease-free survival
(DFS) and a higher risk of recurrence compared to
those below this threshold (HR 2.48; 95% CI, 1.3 —
4.8; p=0.007) [43].

Application of ctDNA in the assessment of
metastatic CRC treatment effectiveness

Recent studies have revealed that ctDNA is
recognized as a sensitive and specific biomarker
for monitoring the effectiveness of anticancer
therapy. The dynamics of ctDNA levels enable the
assessment of early tumor response to treatment
and the prediction of disease recurrence long before
clinical or radiological evidence becomes apparent
[44]. A decrease in ctDNA concentration following
surgical resection or systemic therapy correlates
with a favorable therapeutic response and improved
prognosis, whereas persistence or reappearance of
mutant DNAfragments in plasma indicates therapeutic
resistance or early disease progression [45].
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ctDNA has emerged as a promising biomarker
for monitoring response to targeted therapies in CRC.
Quantitative and qualitative changes in ctDNA reflect
tumor dynamics and can reveal early molecular
indicators of treatment efficacy or resistance before
radiographic progression becomes evident [46]. For
example, ctDNA analysis enables detection of RAS,
BRAF, and EGFR pathway alterations associated
with acquired resistance to anti-EGFR monoclonal
antibodies [47], such as cetuximab and panitumumab
[48]. Serial ctDNA profiling, therefore, provides a
real-time, non-invasive approach for assessing
therapeutic response, guiding treatment modification,
and optimizing patient outcomes in CRC.

In  addition to predicting response to
chemotherapy and/or targeted therapy, another
potential clinical application of ctDNA-guided
monitoring lies in the early identification of patients
who are unlikely to benefit from immunotherapy.
The predictive potential of ctDNA for assessing
response to immunotherapy has been demonstrated
in the INSPIRE study, a prospective Phase Il trial
that followed 94 patients with 25 different types of
advanced solid tumors treated with pembrolizumab,
accompanied by serial ctDNA measurements. An
increase in ctDNA levels at six weeks, coinciding
with tumor burden growth, was observed in 42% of
patients and predicted a lack of clinical response
with 100% accuracy. ctDNA clearance was achieved
in 16% of patients undergoing immunotherapy, all
of whom exhibited 100% overall survival (OS) with
a median follow-up exceeding 25 months from the
first clearance event. Furthermore, 98% of patients
who experienced ctDNA elevation by the initiation of
cycle three did not achieve an objective response,
suggesting that ineffective treatment could potentially
be avoided in this subgroup [49].

Monitoring of MRD

Minimal/Measurable Residual Disease (MRD)
refers to a small number of malignant cells that
remain in the patient’s body after the achievement of
complete clinical remission. The clinical importance
of MRD lies in its potential to cause disease relapses,
as the residual tumor cells may survive treatment and
subsequently proliferate [50].

Extensive international studies have shown that
patients with MRD-positive status have a significantly
higher risk of relapse compared with those who are
MRD-negative. Therefore, the evaluation of MRD
serves as a crucial prognostic marker and a tool for
risk stratification. ldentifying patients with a higher
probability of relapse enables clinicians to adjust
treatment intensity, accordingly, ultimately improving
overall outcomes and survival rates [51]. Furthermore,
periodic monitoring of MRD levels provides valuable
information for long-term management. Sustained
MRD negativity confirms ongoing remission, whereas
arising MRD level may indicate an impending relapse,
allowing for early therapeutic intervention [52].
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In the context of CRC, the term MRD means
Molecular residual disease and often refers to ctDNA
detected after curative-intent surgery. ctDNA has
emerged as a robust biomarker capable of predicting
which CRC patients are at increased risk of recurrence,
reflecting the presence of occult or persistent disease
[53]. Due to its short half-life, ranging from minutes to
a few hours, ctDNA allows for precise and dynamic
assessment of tumor burden in real-time. This
property makes ctDNA a valuable tool for monitoring
molecular residual disease and for the early detection
of relapse. For example, in a cohort of 231 patients
with resected stage Il colorectal cancer, the presence
of ctDNA in postoperative plasma samples was
strongly associated with disease recurrence. Among
patients who did not receive adjuvant chemotherapy,
ctDNA was detectable in 14 of 178 cases; 11 of
these patients (79%) experienced relapse during
a median follow-up of 27 months (HR 18; 95% ClI,
7.9 — 40; p<0.001). A similar trend was observed
among patients who received adjuvant chemotherapy:
ctDNA was detected in 3 of 44 patients after treatment,
and all three subsequently relapsed within 11 months
after therapy (HR 11; 95% CI, 1.8 — 68; p=0.001).
These associations remained significant regardless of
«low risk» or «high-risk» clinical stratification based on
pathological features [54].

CONCLUSION

Thus, ctDNA is considered a noninvasive
molecular biomarker with high potential in oncology;
however, its clinical application remains limited by
several factors, including its low concentration in the
bloodstream, technical challenges in detection and
analysis, and the lack of standardized methodologies.
The use of ctDNA as a biomarker has already been
implemented in clinical practice across several
developed countries, where it has demonstrated
substantial diagnostic and prognostic value in CRC.
Both completed and ongoing clinical trials emphasize
the importance of ctDNA testing in the postoperative
setting for therapy personalization and improvement
of patient outcomes. Although current tumor-derived
molecular approaches still show modest sensitivity,
ctDNA-based strategies hold significant potential
for further advancement -particularly given the
decreasing costs of sequencing and the integration
of multi-omics data to address existing challenges.
Emerging technologies and integrative analytical
frameworks are expected to enable earlier and more
precise detection of malignant diseases soon.
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KonopektanbHein pak (KPP) aBngetca ogHum 3 Hauboree pacnpoCTpPaHEHHbIX OHKOIOMMYEeCKMX
3aboneBaHun B MUPE, XapaKTepU3YHLLMMCS BbICOKOM 3aboneBaeMOoCTbio M CMepTHOCTbi. C pasButnem
TEXHONMOTMMN BO BCEM MWPE aKkTMBHO pa3pabaTbiBalOTCS HOBble MOAXOAbl K OWArHOCTUKE U NEYEHUIo
3r10Ka4eCcTBEHHbIX onyxornen. PaspaboTka 1 BHegpeHWEe MWHMMANbHO MHBA3VBHbBIX METOOOB AMArHOCTUKN,
a TakKke VHCTPYMEHTOB A1 paHHEro BbIIBNEHUS 3ab0neBaHns ABASETCSA KIHYEBON 3ag4advert COBPEMEHHOM
OHKomorun. 3a nocregHee OecATUNeTUe BO3POC MHTEPEC K MarloMHBa3MBHOW TEXHOMOTUMU KWOKOCTHOW
OuoncuM, OCHOBAHHOM Ha aHanuie uupkynupytowlernn onyxoneson [OHK (ctDNA) B ©Guonormyeckmnx
XMOKOCTAX. OTOT MeTof, MO3BOMSIOWMIA OLEHUBATh OUHAMUKY mameHeHun ypoBHs ctDNA, cnocobeTtsyer
MOBBILIEHMIO TOYHOCTU AMArHOCTUMKM M BblIbopy Oonee addekTuBHbIX cTpaternn neveHus. Kpowme Toro,
ctDNA  nosBonsieT CBOEBPEMEHHO AMArHOCTMPOBATb MWHUMAIbHYHO oOcTaTtovHyto 6onesHb (MRD) wu
npegoTBpatuUTb peunamnB 3aboneBaHus. CoBpeMeHHble MeToAbl, Takue kak uudposas lLP (dPCR) un
cekBeHupoBaHne Hooro nokoneHust (NGS), obecneunBaloT GbICTPOE M TOYHOE BbISIBIIEHNE OpaniBEPHbIX
MyTauuin. AHanm3 AMarHOCTUYECKMX M TepaneBTuyeckux uccnegosaHuin npu KPP nokasbiBaeT, 4to ctDNA
ABMsieTca Hambonee 3HauyMMmbiM GromapkepoM. OOHagexuBawlme OaHHble CBUOETENbCTBYOT O TOM,
yTo ctDNA MOXET MCMNonb30BaTbCs Kak MePCNeKTUBHLIN MHCTPYMEHT ans ckpuHuHra KPP, xota Tpebyetcs
JanbHeviwas Banupauus. BHegpeHnve gaHHOrO metoda B KITMHWYECKYHO NMPAKTUKY MO3BOMWT peann3oBaTb
nNpodhnnNakTUYecKne 1 NepPCcoHanNmM3MpoBaHHbIE MOAXOAbI K JIEYEHMWIO, YTO B CBOK O4Yepenb MOXET CHU3UTb
nokasartenuv 3aboneBaeMoCTu 1 CMEPTHOCTMW.

Knrouesnbie crioga: KonopeKTanbHbIN pak; XuakocTHas buoncus; ctDNA; myTaumm; guarHoctuka
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Tik iwek »xaHe Tok ilek obbipbl (KPP) — anemperi eH keH TapanfaH OHKONOrvsAnbIK aypyrnapabiH, Oipi,
YKOFapbl CbIpKaTTaHYLUbIMbIK XXaHe eniM-XiTiM kepceTKilTepiMmeH cunaTtTanagbl. Kasipri TexHonormanapabiH
AamyblHa 6GarinaHbICTbl KaTepri icikTepai epTe aHblKTay MeH emAaeyaiH >kaHa Toacingepi 6enceHnai Typae
asipneHin, eHrisinyae. MuHuMangbl WHBa3WBTI AMarHOCTMKanblK S4IiCTep MeH aypyabl epTe KeseHae
aHblKTayFa apHanfaH Kypangapabl 93iprey »XaHe €Hridy — Kasipri OHKOIOrMsIHbIH, Heri3ri MiHOeTTepiHiH, Oipi
oonbin Tabbinagbl. COHFbl OHXbINAbIKTA OMONOrMAnbIK CyMbIKTbIKTapaarbl arnHanbimgarbl icik [JHK-cbiH
(ctDNA) Tangayra HerizgenreH cyiblk OMOMCUSIHbIH, a3 MHBA3MBTI TEXHOMOIMMSACHIHA KbI3bIFYLLbLITLIK apTThl.
byn agic ctDNA geHrewiHiH aAnHammnkacblH 6aranayra MyMKiHAIK 6epin, guarHoCTUKanbIK A9N4iKTi apTTbipyFa
)KOHe HeFypribIM TWiMAi eMaey cTparternsanapbiH TaHgayFa biknan eteqi. CoHbiMeH katap, ctDNA MyuHMManapl
kangpblk aypyabl (MRD) yakbITbinbl AUarHocTukanayra xxaHe aypyablH KanTanaHyblH 6ongbipMayFa MyMKiHAIK
6epegi. LUndpnbik NTP (dPCR) xeaHe xaHa bybiH cekBeHmprney (NGS) cusikTbl 3amaHaym agictep apanBeprik
MyTaumsinapabl XbiigaM XeHe O8N aHblkTayabl kamTamacbkid etefi. KPP GolbiHWA AnarHocTukanblk KoHe
Tepanuanblk 3epTTeynepdid Tangaybl ctDNA-HbIH eH MaHbi3gbl GuomapkepriepgiH Oipi eKeHiH KepceTTi.
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KyaHTapapnbik gepektep CtDNA-Hbl KPP ckpuHWHr ywiH Gonaiuarbl 30p Kypan peTiHAe nanganaHyra
OonaTbiHbIH alfakTaniabl, AereHMeH Oyn Tacingi KocbiMLa Banuaaunsanay Kaxet. ATanfaH a4iCTi KNMHUKanbIK
npakTuKara eHrisy angblH any xxeHe aepbecTeHaipinreH emaey ToCinAepiH Xy3ere acbipyra MyMKiHAiK 6epeni,
Oyn e3 ke3eringe aypyLllaHablK NeH eniM-XiTiM KepCeTKILITepiH TOMeHAETYre biknan eteqi.

Kinm ce3dep: TOK illeKk oHe TiK ek kaTepni iciri; cymbIKTbIKTbIK Ouoncus; cfDNA; myTtauusnap;
AmarHocTuka
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