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ABSTRACT

Relevance: Integrating molecular biomarkers with rigorous quality control (QC) measures in laboratory settings is essential for
enhancing early detection strategies and prognostic evaluation in cancer patients. Precision and QCin laboratory diagnostics of oncological
diseases have become particularly significant in the widespread implementation of targeted and personalized therapy.

The study aimed to review publications evaluating quality control in biomarker identification within molecular genetics laboratories,
using ovarian cancer diagnostics as a case study.

Methods: This systematic literature review conducted in the framework of this study revealed 220 records, leading to 165 unique
publications, of which 24 full-text articles were included in this review. The study followed Preferred Reporting Items for Systematic Reviews
and Meta-Analyses 2020 (PRISMA 2020) guidelines.

Results: All analyzed sources showed that Implementing QC, including calibration, internal controls, and proficiency testing provided by
the College of American Pathologists (CAP), significantly reduces errors despite ongoing funding constraints. The European Molecular Quality
Network (EMQN) and CAP jointly offer proficiency testing programs to evaluate laboratory performance globally, ensuring consistency and
reliability in testing outcomes.

Conclusion: Ensuring the accuracy and reliability of molecular diagnostic tests is critical in clinical settings, particularly for conditions
such as ovarian cancer, where precise genetic analysis informs both diagnosis and treatment. Further advancements in early detection
and personalized treatment can be achieved by integrating emerging technological innovations within robust QC framework, ultimately
improving patient outcomes. Consequently, the establishment of standardized guidelines and standard operating procedures for molecular

genetic testing, with a specific focus on the molecular genetic diagnosis of ovarian cancer, is imperative.
Keywords: molecular genetic testing, quality control (QC), BRCA1, BRCA2, polymerase chain reaction (PCR), next-generation sequencing

(NGS).

Introduction: Modern medical personalization
trends require the implementation and application of
advanced diagnostic technologies. In recent years, this
process has experienced significant advancements, no-
tably in oncology. Various biomarkers play a pivotal role
in personalization. Accurate detection of biomarkers
and genetic alterations, in particular, using advanced
and precise techniques of polymerase chain reaction
(PCR) and next-generation sequencing (NGS), relies on
stringent QC standards, which molecular genetics labo-
ratories must uphold to ensure diagnostic reliability [1,
2]. We utilized the diagnosis of biological and molecu-
lar markers in ovarian cancer as a case study, consider-
ing the unique characteristics of disease diagnosis and
progression, the application of detection methods, and
the critical role of molecular markers in therapeutic de-
cision-making.

The study aimed to review publications evaluating
quality control in biomarker identification within molecu-
lar genetics laboratories, using ovarian cancer diagnostics
as a case study.

Materials and Methods: A systematic review of liter-
ature conducted in the framework of this study revealed
220 records, leading to 165 unique publications, after
which 70 full-text papers were analyzed. The study fol-
lowed Preferred Reporting Items for Systematic Reviews

and Meta-Analyses 2020 (PRISMA 2020) guidelines [3]
to assess worldwide QC procedures in molecular genet-
ics laboratories that test for ovarian cancer. The research
contained 25 unrelated ovarian cancer studies, excluded
15 works without QC information, 12 studies with impre-
cise methods, and five articles predating 2015. Eight stud-
ies passing the Critical Appraisal Skills Programme (CASP)
checker with scores exceeding 80% were assembled for
synthesis [4].

Search strategy: Literature sources from the PubMed,
Scopus, Web of Science, and Google Scholar databases
published between 2015 and 2025 were reviewed and
analyzed. The research used the combination of “Qual-
ity Control” OR “Quality Assurance” together with “mo-
lecular genetics” OR “molecular diagnostics” supported
by “ovarian cancer” AND “laboratory practices.” A manual
citation search was also performed, and references were
organized using EndNote X9 to complete the research
process. [5].

Exclusion criteria: Studies that failed to show laboratory
or methodological details or were published before 2015
or in languages other than English were excluded.

Study selection process: The review proceeds through a
clear workflow, which makes its findings strong and con-
nected to the diagnostic QC of ovarian cancer, as shown
in Figure 1.
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Figure 1 - PRISMA flow diagram

Results:

Quality control protocols in molecular genetics laborato-
ries: With the rapid expansion of molecular genetic diag-
nostic methods in recent years, alongside the increasing
number of tests and panels, the implementation and in-
tegration of rigorous QC systems in laboratories have be-
come essential to ensure accuracy, reliability, and standard-
ization. Since implementing genetic testing, the interest in
and necessity for QC protocols to enhance testing accu-
racy have grown significantly. Figure 2 presents the evo-
lution of QC protocols in molecular genetics laboratories,
outlining key milestones in their development.

As shown in Figure 2, the Clinical Laboratory Improve-
ment Amendments (CLIA) of 1988 established founda-
tional standards, while the National Institutes of Health
(NIH) and the Department of Energy (DOE) in 1997 em-
phasized the importance of Quality Assurance [6]. In
2009, the Centers for Disease Control and Prevention
(CDQ) outlined best practices for laboratory quality man-
agement [7]. The Minimum Information for Publication
of Quantitative Real-Time Polymerase Chain Reaction Ex-
periments (MIQE) guidelines, introduced in 2010, stand-
ardized quantitative PCR methodologies, followed by
a QC framework in 2012 [8, 9]. The 2020 MIQE updates
further refined QC measures addressing digital PCR ad-
vancements [10].

QC measures in molecular genetics laboratories are
pivotal in maintaining assay integrity, minimizing diag-

nostic errors, and ensuring reproducibility across different
testing facilities.

External quality assessment (EQA) by organizations
such as the European Molecular Genetics Quality Network
(EMQN) and the College of American Pathologists (CAP) is
used to evaluate laboratory performance on a global lev-
el [11, 12]. These programs provide standardized proficien-
cy testing schemes that assess laboratory practices, mon-
itor test consistency, and identify improvement areas. By
benchmarking results against international standards,
EQA programs contribute to the harmonization of mo-
lecular diagnostics and reinforce best practices in genetic
testing. External quality assessments from CAP and EMQN
strive to improve worldwide measurement standards by
accrediting laboratories through proficiency testing pro-
grams that protect pathology and laboratory medicine
quality. Programs and their brief description are shown in
Table 1.

QC programs in laboratories typically comprise three
distinct phases. The accuracy of molecular diagnostic
equipment is contingent on stringent calibration protocols.

Laboratories in the United States and Europe adhere to
International Organization for Standardization (ISO) guide-
lines, such as ISO 15189, to maintain thermal precision in
PCR machines. These calibration standards are essential
for ensuring consistent amplification conditions, thereby
reducing variability in test results and enhancing diagnos-
tic accuracy [13].
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Figure 2 — Evolution of QC protocols used in Molecular Genetics Laboratories
Table 1 - External quality control programs and guidelines
Program Description Source
Provides accreditation and proficiency testing for pathology and CAP

College of American Pathologists

laboratory medicine.

European Molecular Genetics Quality Network

Offers external quality assessment for molecular genetics laboratories.

EMQN

Reliable molecular testing depends on rigorous assay
validation and contamination detection protocols. Labo-
ratories worldwide implement positive and negative con-
trol sample testing to assess assay performance and de-

tect potential contaminants. Well-characterized reference
samples ensure that molecular assays produce consistent
and reproducible results, further strengthening diagnostic
reliability [2]. QC phases are provided in Table 2.

Table 2 - Quality control protocols in molecular genetics laboratories

Quality control protocol Description

Global examples

Calibration

Regular calibration of equipment to maintain accuracy.| Laboratories in the USA and Europe follow ISO

standards for calibration.

Internal Controls

Use of positive and negative controls in each assay to

Widely implemented in accredited molecular genetics

validate results. labs globally.
Proficiency Testing Participation in external quality assessment schemes | Programs like EMQN and CAP offer proficiency testing
to benchmark performance. worldwide.

Key findings from studies on quality control in molec-
ular genetics laboratories for ovarian cancer diagnostics.
With the advancement of novel diagnostic methodolo-
gies for ovarian cancer, the standards and requirements
for quality control programs have undergone signifi-
cant evolution. The analyzed studies underscore signif-
icant advancements in genetic testing and QC systems,
particularly molecular genetic diagnostics of ovarian
cancer, regardless of techniques and methods used. In
2015, Strom et al. reported that NGS achieved 99% accu-
racy in detecting BRCA1 and BRCA2 using strict control
systems and calibration methods [14]. Other study using
multigene panel testing, showed that this panel matched
95% of all results obtained through Sanger sequencing
but highlights the necessity for standardization practices
[15]. According to C.R. Marshall et al., Whole Genome Se-
quencing provided 98% sensitivity, improving by regular-

ly implementing QC procedures [16]. D. Grafodatskaya et
al. stated that testing accuracy for BRCAT and BRCA2 im-
proved when EQA was adopted along with a Limit of De-
tection that exceeded 10% [17].In 2023, E.T. Kim et al. ver-
ified the use of NGS to analyze BRCAT and BRCA2 genes in
formalin-fixed paraffin-embedded samples by reaching
99% accuracy rates at sequencing depths exceeding 40x,
eliminating unnecessary false positive test results [18].
The data from the Menon & Brash study (2023) showed
that extended sequencing depth above 1000x and addi-
tional strict QC serve to reduce errors during rare variant
detection [19]. And more recent study, published in 2024
by T. McDevitt et al. demonstrated reliable genetic test-
ing through paired analysis by following EMQN guide-
lines and ISO 15189 standards to achieve maximum an-
alytical sensitivity [20]. Key findings are documented in
Table 3.
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Table 3 - Key findings from studies on quality control (QC) in molecular genetics laboratories for ovarian cancer diagnostics

Authors

Key findings

Lincoln et al., 2015

Hereditary ovarian cancer testing through multigene panels detects more conditions yet needs strong QC
procedures to achieve 95% accuracy compared to Sanger testing methods.

Strom et al., 2015

The NGS assay for BRCA1/2 reached 99% accuracy during validation through proper control implementation and
calibration procedures that enhanced laboratory reliability to identify rare variants.

Marshall et al., 2020

analysis.

The validation of Whole Genome Sequencing technology requires specific performance metrics to reach a
sensitivity level of 98% when combined with standard QC procedures for complete ovarian cancer genetic

Grafodatskaya et al.,
ovarian cancer.

EQA should be applied along with a Low Limit of Detection 210% to improve the accuracy of BRCA1/2 testing for

Kim et al., 2023

The precision of NGS validation for BRCA in ovarian FFPE reaches 99% accuracy when the QC depth exceeds 40x.

Menon & Brash, 2023

The evaluation of NGS QC focuses on mutation detection at frequencies under 1000x depth and utilizes controls
to prevent errors in ovarian cancer variant identification.

McDevitt et al., 2024

Applying EMQN guidelines requires implementing ISO 15189 standards, EQA participation, and paired testing for
ovarian cancer, ensuring high analytical sensitivity.

Discussion: Despite significant progress in establish-
ing QC systems worldwide and accuracy levels of BRCA V2
mutations with 99% detection achieved through NGS mir-
ror global findings, some laboratories face technical dif-
ficulties that differ from the international research focus
and align with resource constraints discussion [18-19, 21,
22]. The combined initiative of standardization practice us-
ing CAP and EMQN frameworks establishes a comprehen-
sive system beyond the diverse perspectives described by
different authors [15, 21]. The work by Wang X in 2024 and
Hamidi et al. (2023), along with other emerging technolo-
gies, puts this study ahead of domestic biomarker research
while demonstrating the significance of QC for precision
medicine advancement [23, 24].

Conclusion: In recent years, molecular genetic research
has been increasingly incorporated into the routine prac-
tice of oncology institutions in the Republic of Kazakhstan,
as well as into diagnostic and treatment protocols for onco-
logical diseases, particularly ovarian cancer. Ensuring the ac-
curacy and reliability of molecular diagnostic tests is critical
in clinical settings, particularly for conditions such as ovar-
ian cancer, where precise genetic analysis informs both di-
agnosis and treatment. Standardized protocols, combined
with calibration, internal controls, and proficiency testing,
enhance diagnostic accuracy, as demonstrated by global re-
search studies. The continuity of laboratory standardization
relies on sustained efforts aligned with international quali-
ty benchmarks, such as ISO 15189, CAP, and EMQN. Further
advancements in early detection and personalized treat-
ment can be achieved by integrating emerging technolog-
ical innovations within a robust QC framework, ultimately
improving patient outcomes.
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AHJATIIA

MOJVIEKYJIAJIBIK TEHETUKA 3EPTXAHACBIHJIAFbBI CAITAHBI BAKBIJIAY:
9JEBUETKE IOJY

3. Iymumosa', M.O. Alhassan', P. Acviixan', A. Apanobaesa', A. Ceumanuesa’

1«3n-Oapabu atbiHparbl Kasak ynTTblK yHusepcuteti» KEAK, Anmarbl, Kasakctan

Ozexminizi: OHKOIO02UANBIK Nayuenmmepoe epme OUASHOCIMUKALAY MeH O0#Camobl 6a2anayovly MuiMOiiein apmmulpy Yulin
MONEKYNANbIK GuoMaprepnepoi anblKmayobl 3ePMXAHAIBIK JHCa20auiapoa canamvl Kamay O0axvliaymeHn OIpikmipy aca Manbl30bl.
Onkono2usnblK, aypynapovl 3epmxaHanbly OUdeHOCMUKAiayoa 0910iK nen cananvl 6AKblAAY, HbICAHATLL JcoHe OepbecmeHdipinceH

mepanusnsl Keyiner eneisy asaculnoa, epexuie monee ue 601yoa.

3epmmey maxcamwvl — ananvlk 0e3 00bIPLIH OUACHOCMUKANAY MbICAIBIHOA MOIEKYIANbIK-2EHeMUKATbIK 3ePMXAHaiapod
buomaprepoi udeHmupuUKayusaLay canacvlh 0aKpliayovl 6a2aiayed aApHaI2aH HeApuAIAHbIMOapPObL ULOTLY.

Adoicmepi: Ocvl 3epmmey aacvinoa xHcypeizineen ocytieni aoebuemmepee wony 220 scaszdanvl aHbIKMaowsl, Homudcecinoe 165
Oipezeil HcapuAnanbIMOap anblHobl, OHbIY iwinde 24 monvlk MOMIHOI MAKANA OCbL WOY2d KOCLLIObL. 3epmmey dicytieni monyiap Men
mema-manoaynap 2020 (PRISMA 2020) ywin apmuikusiavikmol ecen 6epy snemeHmmepi YColHLIMOAPbIHA COUKeC JHCypei3inoi.

Homuorcenepi: Cananvt daxwinay (Quality Control, QC) wapanapvin enzisy, comvly iwinoe xaaubdpney, iwki 0aKuliay dHcoHe

binikminikmi mecminey, Amepuxanowix namonoemap xkonneddxuciniy (CAP) ycolHbIMOapbii natoaiana omslpuln jcypeiziieen dcaz0aiod,
KamenikmepOiy caubin aumapavikmail azaiumaovl. Kapoicwviianovipyoazel wexkmeyiepee Kapamacman, Eyponanvlk monexyianviy
cana ocenici (EMQON) owcone CAP 3epmxananvix moxcipubeni 2anamovix deyeelioe bazanayza bazvimman2an OLNiKminikmi mecminey
bazoapramanapein YCoiHaowl, Oy OUASHOCMUKALBIK, HOMUNCENEPOIH YUIeCiMOINiel MEH CeHIMOLLI2IH KaMmamacol3 emeol.

Kopvimuinovi: Knunuxanvlk npakmuxaoa MoaeKyianblk-2eHemuKaiblK, OUdeHOCMUKAIbIK mecmmepoiy 0910iel MeH CeHiMOLniein
Kammamacels emy ome Maywi30bl, ocipece ananvik 6e3 Kamepai iciei cuaxmel aypyiapod, onod HAKMbl 2eHemMUKANblK manoay
OUACHOCTNUKANBIK, JiCOHe eMOey Cmpameusculn aunblkmaiovl. Epme Ouacnocmukanay men Oepbecmendipineen mepanuaddebl
00aH 8pi dcemicmikmep HCAHA MEXHONOSUAILIK UHHOBAYUALAPOLL CEeHIMOI cananvl Oaxwliay oicyliecimen OIpIKmipy apKblivl
Jrcy3€2e acbIPuliybl MYMKIH, Oyl aKblp COHbIHOA nayuenmmepoi emoey Homudcenepin sxcaxcapmyaa oxenedi. Ocvizan 6auIaAHbICIbI
MONEKYNANbIK-2eHeMUKANbIK mecmineyoiy, ocipece ananvik 6e3 Kamepni iciein OuaeHOCMUKANAy2a apHaiedn, CMAaHOApmmanzau
HYCKayIblKMapbl MeH cmaHoapmmaul Onepayusibly npoyeoypailapuit o3ipiey e3ekmi opi Kascemmi Minoem 60.16in maowuliaobi.

Tyuinoi cezoep: Monexynanvik-ecenemuxanvix mecminey, canawvt 6axviaay (QC), BRCAI, BRCA2, noaumepasanvik mizoexmi
peaxyus (PCR), keneci ypnaxmuoly cexeenupneyi (NGS).

AHHOTANUSA

KOHTPOJIb KAYECTBA B IABOPATOPUY MOJIEKYJISIPHOM 'EHETHKMU:
OB30P JIUTEPATYPBI

3. lywmumosa', M.O. Alhassan', P. Acvinxan', A. Apanbaesa', A. Ceiimanuesa’
THAO «Ka3axckuii HawmoHanbHbIil yHUBEPCUTET UMeHH anb-Oapabi, Anmarsl, Kasaxcrau

Axmyansnocme: Humeepayus oemexkyuu MOIEKYIAPHBIX OUOMAPKEPOE CO CIMPOSUM KOHMPOIEM KAUeCMEd 6 YCA08UAX 1aDopamopuu
MONEKYIAPHOU 2eHeMUKU UMeen KIyegoe 3Hauenue O NosbluleHus 3pdekmuenocmu panHeli OUAeHOCMUKU U OYEHKU NPOSHO3d
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V OHKOZO2UYeCKux nayuenmos. TouHocmb U KOHMPOb Kauecmed 6 1abopamopHol OUASHOCIMUKE OHKOIOZUYECKUX 3a60/e6anull
npuodpemaiom oco6yio 3HAHUMOCMb 8 CE53U C UWUPOKUM 6HEOPEHUeM MAP2eMHOU U NePCOHANUSUPOBAHHOU MePanuu.

Ilenv uccnedosanus — 0030p nyOIuUKayull, NOCGAUJCHHBIX OYeHKe KOHMPOIA Kadecmed udeHmudurayuu OUOMaApKepos 6
1a6Opamopusix MOAEKYIAPHOU 2eHeMUKU HA NpuMepe OUA2HOCMUKY PAKA SIUYHUKOS.

Memoowvi: Cucmemamuyeckuii 0630p qumepamypbi, NPO8EOeHHbIll 8 PAMKAX OAHHO20 Uccae008anus, eviaeun 220 3anuceil, 4mo
npueeno Kk 165 ynuxanvuvlym nyorukayusm, u3 KOmopuix 24 noiHomexcmoswix cmamoiu 6blau 6KAI0UeHbL 8 OanHblll 0030p. Hccrnedosanue
npogoounocy, ¢ coomeemcmeuu ¢ pekomenoayuamu Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020
(PRISMA 2020).

Pes3yromamui: Breopenue mep xommpons xauecmea (Quality Control, QC), ekniouas Kanubpo6Ky, HYMpPeHHUll KOHMpPOib U
mecmuposanue Keanupurkayuu, ucnonv3ys pekomenoayuu Konnedoica amepuxanckux namonoeos (CAP), cywecmeenno chudicaem
KOAUYecmgo ouuboK, HeCMOMPsL HA COXPAHIOWUECs: 02panudeHus 6 unancuposanuu. Eeponetickas MOLeKyIsapHas cemb Kaiecmed
(EMQON) cosmecmno ¢ CAP npednacarom npocpammvl mecmupo8aHus K8AIUDUKAYUU, HANPAGICHHbIE HA OYEHKY 1A00pamopHOl
NPAKMUKU 8 2100a1bHOM Macumabde, 06ecneyusast Co2Aaco8ARHOCMb U HAOEICHOCHb Pe3YIbManos meCmupo8anusl.

3aknrouenue: Obecneyernie mouHOCMU U HAOEICHOCTUMONEKYISIPHO-2EHEMUYECKUX OUACHOCIUYECKUX MECMO8 KPUMUYECKU BAICHO
6 KAUHUYECKOU NPaKkmuke, 0COOEHHO npu 3a601e6aAHUAX, MAKUX KAK PAK AUYHUKOG, 20€ MOUHbLI eHeMUYeCKull aHaiu3 onpeoeisem
cmpamezuio OUA2HOCMUKY U AedyeHust. [anvhetiuue 00CMUdCeHust 6 PAHHEeM GblAGIeHUU U NePCOHATUSUPOBAHHOU MEPANnUU MOZYN
6b1mb doCmMueHYmMbl 3a Cuem UHmMe2Payuy HOGblX MeXHOI0SUYECKUX UHHOBAYULL 8 PAMKAX HAOEIHCHOU CUCTeMbl KOHMPOJs Ka1ecmed,
4mo 6 KOHeUHOM umoze npugeodenm K VIYUUeHUulo pe3yibmamos aevenus nayuenmog. Ciedosamenbro, pazpabomea cmanoapmmoix
PYKOBOOCME U CMAHOAPMHBIX ONEPAYUOHHBIX NPOYEOYP 05l MOLEKVISAPHO-2EHEMUYECKO20 MeCmMUpOBAtUsl, ¢ 0COObIM AKYEHMOM HA
OUAHOCMUKY PAKA AUYHUKOS, AGIAeMC s HACYWHOU HeoOX00UMOCmbIO.

Knwuegvle cnosa: monexynsapno-eenemuueckoe mecmuposamue, koumpons kavecmea, BRCAI, BRCA2, nonumepasnas yennas
peaxyus (IIL[P), cexeenuposanue nogozo noxonenus (NGS).
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