
ОБЗОРЫ ЛИТЕРАТУРЫ

110 Онкология и Радиология Казахстана, №1 (75) 2025

UDC: 618.11-006:575.224

QUALITY CONTROL  
IN MOLECULAR GENETICS LABORATORY:  

A LITERATURE REVIEW
Z. DUSHIMOVA1, M.O. ALHASSAN1, R. ASYLKHAN1, A. ARALBAEVA1, A. SEITALIYEVA1

1Al-Farabi Kazakh National University, Almaty, the Republic of Kazakhstan

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 QC in 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).
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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 
(CDC) 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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Table 1 – External quality control programs and guidelines
Program Description Source

College of American Pathologists Provides accreditation and proficiency testing for pathology and 
laboratory medicine.

CAP

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-

Figure 2 – Evolution of QC protocols used in Molecular Genetics Laboratories

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 
validate results.

Widely implemented in accredited molecular genetics 
labs globally.

Proficiency Testing Participation in external quality assessment schemes 
to benchmark performance.

Programs like EMQN and CAP offer proficiency testing 
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 BRCA1 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 BRCA1 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 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 
analysis.

Grafodatskaya et al., 
2021

EQA should be applied along with a Low Limit of Detection ≥10% to improve the accuracy of BRCA1/2 testing for 
ovarian cancer. 

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 ½ 
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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АҢДАТПА

МОЛЕКУЛАЛЫҚ ГЕНЕТИКА ЗЕРТХАНАСЫНДАҒЫ САПАНЫ БАҚЫЛАУ: 
ӘДЕБИЕТКЕ ШОЛУ

З. Душимова1, M.O. Alhassan1, Р. Асылхан1, А. Аралбаева1, А. Сейталиева1
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Өзектілігі: Онкологиялық пациенттерде ерте диагностикалау мен болжамды бағалаудың тиімділігін арттыру үшін 
молекулалық биомаркерлерді анықтауды зертханалық жағдайларда сапаны қатаң бақылаумен біріктіру аса маңызды. 
Онкологиялық ауруларды зертханалық диагностикалауда дәлдік пен сапаны бақылау, нысаналы және дербестендірілген 
терапияны кеңінен енгізу аясында, ерекше мәнге ие болуда.

Зерттеу мақсаты – аналық без обырын диагностикалау мысалында молекулалық-генетикалық зертханаларда 
биомаркерді идентификациялау сапасын бақылауды бағалауға арналған жарияланымдарды шолу.

Әдістері: Осы зерттеу аясында жүргізілген жүйелі әдебиеттерге шолу 220 жазбаны анықтады, нәтижесінде 165 
бірегей жарияланымдар алынды, оның ішінде 24 толық мәтінді мақала осы шолуға қосылды. Зерттеу жүйелі шолулар мен 
мета-талдаулар 2020 (PRISMA 2020) үшін артықшылықты есеп беру элементтері ұсынымдарына сәйкес жүргізілді.

Нәтижелері: Сапаны бақылау (Quality Control, QC) шараларын енгізу, соның ішінде калибрлеу, ішкі бақылау және 
біліктілікті тестілеу, Американдық патологтар колледжінің (CAP) ұсынымдарын пайдалана отырып жүргізілген жағдайда, 
қателіктердің санын айтарлықтай азайтады. Қаржыландырудағы шектеулерге қарамастан, Еуропалық молекулалық 
сапа желісі (EMQN) және CAP зертханалық тәжірибені ғаламдық деңгейде бағалауға бағытталған біліктілікті тестілеу 
бағдарламаларын ұсынады, бұл диагностикалық нәтижелердің үйлесімділігі мен сенімділігін қамтамасыз етеді.

Қорытынды: Клиникалық практикада молекулалық-генетикалық диагностикалық тесттердің дәлдігі мен сенімділігін 
қамтамасыз ету өте маңызды, әсіресе аналық без қатерлі ісігі сияқты ауруларда, онда нақты генетикалық талдау 
диагностикалық және емдеу стратегиясын анықтайды. Ерте диагностикалау мен дербестендірілген терапиядағы 
одан әрі жетістіктер жаңа технологиялық инновацияларды сенімді сапаны бақылау жүйесімен біріктіру арқылы 
жүзеге асырылуы мүмкін, бұл ақыр соңында пациенттерді емдеу нәтижелерін жақсартуға әкеледі. Осыған байланысты 
молекулалық-генетикалық тестілеудің, әсіресе аналық без қатерлі ісігін диагностикалауға арналған, стандартталған 
нұсқаулықтары мен стандартты операциялық процедураларын әзірлеу өзекті әрі қажетті міндет болып табылады.

Түйінді сөздер: Молекулалық-генетикалық тестілеу, сапаны бақылау (QC), BRCA1, BRCA2, полимеразалық тізбекті 
реакция (PCR), келесі ұрпақтың секвенирлеуі (NGS).
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у онкологических пациентов. Точность и контроль качества в лабораторной диагностике онкологических заболеваний 
приобретают особую значимость в связи с широким внедрением таргетной и персонализированной терапии.

Цель исследования – обзор публикаций, посвященных оценке контроля качества идентификации биомаркеров в 
лабораториях молекулярной генетики на примере диагностики рака яичников. 

Методы: Систематический обзор литературы, проведенный в рамках данного исследования, выявил 220 записей, что 
привело к 165 уникальным публикациям, из которых 24 полнотекстовых статьи были включены в данный обзор. Исследование 
проводилось в соответствии с рекомендациями Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 
(PRISMA 2020). 

Результаты: Внедрение мер контроля качества (Quality Control, QC), включая калибровку, внутренний контроль и 
тестирование квалификации, используя рекомендации Колледжа американских патологов (CAP), существенно снижает 
количество ошибок, несмотря на сохраняющиеся ограничения в финансировании. Европейская молекулярная сеть качества 
(EMQN) совместно с CAP предлагают программы тестирования квалификации, направленные на оценку лабораторной 
практики в глобальном масштабе, обеспечивая согласованность и надежность результатов тестирования.

Заключение: Обеспечение точности и надежности молекулярно-генетических диагностических тестов критически важно 
в клинической практике, особенно при заболеваниях, таких как рак яичников, где точный генетический анализ определяет 
стратегию диагностики и лечения. Дальнейшие достижения в раннем выявлении и персонализированной терапии могут 
быть достигнуты за счет интеграции новых технологических инноваций в рамках надежной системы контроля качества, 
что в конечном итоге приведет к улучшению результатов лечения пациентов. Следовательно, разработка стандартных 
руководств и стандартных операционных процедур для молекулярно-генетического тестирования, с особым акцентом на 
диагностику рака яичников, является насущной необходимостью.

Ключевые слова: молекулярно-генетическое тестирование, контроль качества,  BRCA1, BRCA2, полимеразная цепная 
реакция (ПЦР), секвенирование нового поколения (NGS).


