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ABSTRACT

Relevance: As scientists continue to explore and deepen their understanding of cancer genomics, they are increasingly able to
identify broader molecular “fingerprints” characteristic of various forms of cancer. One such marker is homologous recombination
deficiency (HRD), which is gaining importance in understanding the biology of different cancer types.

The study aimed to review the available methods used in clinical practice to assess homologous recombination deficiency status in
ovarian cancer.

Methods: This review utilized various literature sources, including scientific articles and reviews. Literature search was conducted
in databases such as PubMed, Cochrane Library, Scopus, and Web of Science using keywords like “ovarian cancer,” “homologous
recombination deficiency”, and “homologous recombination repair”. Articles were included in the review based on their content and
relevance to the research topic. The search covered a period of 5 years (2020-2025).

Results: Each method presented in the review has specific advantages and disadvantages. It is important to compare the available
tests with the gold standard (BRCAI1/2, GIS) in clinical trials to better characterize their prognostic value and integrate them into
treatment regimens. The combination of multiple tests may provide higher prognostic value. It is crucial to consider the technical
heterogeneity that characterizes internal HRD tests. Variations in certain technical characteristics (e.g., reference range, analyzed
genomic markers, panel expansion) highlight the importance of harmonizing analytical procedures before implementing internal
HRD tests.

Conclusion: HRD status analysis is essential in treating ovarian cancer. However, several pre-analytical and analytical factors
can influence its clinical testing in surgical pathology laboratories. In recent years, numerous HRD tests have appeared on the market,
but their clinical implementation is still far from routine practice. Multicenter efforts should determine the best approaches to ensure

adequate HRD testing for all patients with HGSOC.

Keywords: ovarian cancer, homologous recombination deficiency (HRD), biomarker, mutation.

Introduction: As scientists continue to explore and
delve deeper into the fundamentals of cancer genom-
ics, they are increasingly able to identify broader mo-
lecular “fingerprints” characteristic of various forms of
malignancies. One such hallmark is homologous re-
combination deficiency (HRD), which is gaining im-
portance in the context of understanding the biology
of different cancer types - including ovarian, breast,
and pancreatic tumors, as well as cancers of the uter-
us, genitourinary system, colorectal tract, gastroin-
testinal tract, hepatocellular carcinoma, biliary tract
cancer, sarcoma, and malignant neoplasms of the
prostate. HRD is a complex genomic feature that arises
when cells lose the ability to repair DNA double-strand
breaks through the homologous recombination re-
pair (HRR) pathway. Cells must efficiently resolve DNA
damage to maintain genomic stability and proper cel-

lular function [1]. This repair system ensures the in-
tegrity of chromosomal DNA and maintains cellular
viability.

The study aimed to review the available methods used
in clinical practice to assess homologous recombination
deficiency status in ovarian cancer.

Materials and Methods: This literature search iden-
tified approximately 200 different sources, including
scientific articles and reviews, of which 51 were select-
ed for analysis. The search was conducted in databas-
es such as PubMed, Cochrane Library, Scopus, and Web
of Science using the keywords “ovarian cancer,” “ho-
mologous recombination deficiency,” and “homolo-
gous recombination repair.” Articles were included in
the review based on their content and relevance to the
research topic. The search covered a period of 5 years
(2020-2025).
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Results: Numerous genes are involved in the homol-
ogous recombination process, among which BRCA1 and
BRCAZ2 play a key role [3 - 7] (Table 1). When the HRR path-
way is disrupted, damaged DNA regions are not properly
repaired, and the cell resorts to a less accurate mechanism,
known as non-homologous end joining. This may lead to
genomic instability, manifested as characteristic “scars” in
the genome, which contributes to the development of ma-
lignant tumors [8].

Genomic markers associated with HRD are also known
as “genomic scars” (Table 2).

Table 2 - Types of “genomic scars” included in the genomic instability score [9- 11]

Table 1 - Most significant genes involved in the homologous
recombination repair pathway [1]

ARID1A EMSY MSH2
ATM FANCA NBN
ATR FANCC PALB2
BRCA1/2 FANCE PTEN
BARD1 FANCF RADS50
BAP1 FANCD2 RAD51
BRIP1 FANCG RAD51B
BLM FANCI RAD51C
CDK12 FANCL RAD51D
CHEK1 H2AX RAD54L
CHEK2 MRE11 TP53

Name

Characteristics

Loss of heterozygosity

transformation.

One of the two alleles of a given gene is lost, resulting in the cell becoming homozygous
for that gene. If the second allele also be-comes nonfunctional, this may promote malignant

Telomeric allelic imbalance

Occurs when the allele ratio at the telomeric region of a chromosome is disrupted, meaning one
chromosome in the pair contains more alleles than the other.

Large-scale transitions

paired chromosomes.

Represent regions of chromosomal breaks that disrupt the normal structure and concordance of

HRD status can be determined either by analyzing mu-
tations in key genes involved in homologous recombina-
tion (such as BRCA1, BRCA2, and other HRR genes) or by
assessing the presence of characteristic genomic scars.
Today, several diagnostic tests are available to determine
HRD status, each using its criteria [12]. Some existing tests
focus solely on evaluating loss of heterozygosity (LOH).
However, recent studies indicate that more accurate iden-
tification of HRD-positive tumors is achieved through a
comprehensive analysis that combines multiple genom-
ic indicators - LOH, telomeric allelic imbalance (TAl), and
large-scale transitions (LST) [13, 14]. This approach pro-
vides a sensitive and reliable characterization of HRD and
other oncology-related genomic alterations present in the
sample.

Homologous recombination deficiency (HRD) in ovarian
cancer (OC). HRD is an emerging biomarker with both pre-
dictive and prognostic value in high-grade serous ovari-
an carcinoma (HGSOCQ). According to data from The Cancer
Genome Atlas (TCGA), approximately 50% of patients with
HGSOC exhibit signs of HRD. The underlying mechanisms
can be diverse, and many of them remain incompletely un-
derstood. Most commonly, HRD is caused by inactivating
mutations or epigenetic alterations in the BRCA1/2 genes,
as well as in several other key players in the HRR pathway
such as ATM, BARD1, BRIP1, H2AX, MRE11, PALB2, RAD51,
RAD51C/D, RPA, and Fanconi anemia-associated genes [1,
15, 16] (see Table 1). These molecular alterations are con-
sidered significant contributors to HRD development in
HGSOC.

Poly(ADP-ribose) polymerase (PARP) inhibitors were
developed based on the concept of synthetic lethality, im-
plying their selective efficacy against tumor cells with HRD.
The enzyme PARP1 (poly(ADP-ribose) polymerase 1) plays

a crucial role in the repair of single-strand DNA breaks, par-
ticularly via base excision repair mechanisms [16, 18]. When
damage occurs, PARP inhibitors block PARP1 activity, pre-
venting the repair of single-strand breaks [19]. As a result,
such lesions can evolve into more severe double-strand
breaks (DSBs), particularly during replication. Cells harbor-
ing mutations in BRCA1/2 or other components of the HRD
pathway are unable to efficiently repair DSBs, leading to
the accumulation of genomic damage and eventual cell
death. These mechanisms form the basis for using HRD as
a potential predictive biomarker for PARP inhibitor thera-
py in HGSOC, as well as in breast, pancreatic, and prostate
cancers [19-23].

BRCA gene mutation testing can be performed on
both tumor tissue and peripheral blood samples, allow-
ing detection of both somatic and germline (inherited)
variants. According to current guidelines, all patients with
low-grade or unspecified OC should undergo testing for
somatic BRCA mutations at the time of diagnosis. If a tu-
mor sample tests positive, subsequent genetic testing
on a blood sample is required to differentiate between
germline and somatic mutations. Germline alterations ne-
cessitate genetic counseling and may warrant testing of
close relatives [1, 24-26].

It is important to note that HRD can be observed not
only in the presence of germline or somatic BRCA1/2 mu-
tations, but also in cases of epigenetic suppression of
BRCA1 expression or dysfunction of other key DNA re-
pair genes such as ATM, ATR, BARD1, BRIP1, EMSY, PALB2,
RAD51, as well as Fanconi anemia-related genes [1, 27 - 32].
Patients with such molecular alterations exhibit the so-
called “BRCAness” phenotype, which resembles the clini-
cal picture of BRCA1/2 mutation carriers. It is characterized
by a serous histological subtype, high sensitivity to plati-
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num-based chemotherapy, prolonged recurrence-free in-
tervals, and a more favorable overall survival prognosis
[33-36].

Identifying the BRCAness phenotype enables stratifica-
tion of a subgroup of patients with sporadic OC who have
a better prognosis [19] and demonstrate high sensitivity to
platinum agents and PARP inhibitors [37]. Currently, PARP
inhibitors are approved by the European Medicines Agen-
cy (EMA) and the U.S. Food and Drug Administration (FDA)
for the treatment of high-grade serous carcinoma (HGSC)
in various clinical settings:

1. As first-line maintenance therapy for patients who
achieved a complete or partial response to platinum-based
chemotherapy.

2. As maintenance therapy following platinum-sensitive
recurrence, regardless of BRCA mutation or HRD status.

3. As monotherapy in HGSC with confirmed BRCA mu-
tations (Olaparib or Rucaparib), or with a positive HRD sta-
tus (Niraparib), after two lines of chemotherapy [1, 38].

The publication of the SOLO-1 trial results in 2018
marked a turning point, after which the EMA and FDA ap-
proved Olaparib as first-line maintenance therapy for pa-

tients with BRCA1/2 mutations. This decision laid the foun-
dation for a new treatment standard. In 2019, data from
three major Phase lll randomized trials-PRIMA, PAOLA-1,
and VELIA-were presented, evaluating the efficacy of
PARP inhibitors in first-line therapy for both BRCA-mu-
tated tumors and in combination therapeutic regimens.
These studies formed the basis for expanded indications:
Niraparib was approved as maintenance therapy regard-
less of biomarker status, and the combination of Olaparib
with Bevacizumab was approved for advanced OC with a
positive HRD status [39].

Homologous Recombination Deficiency (HRD) Testing in
Clinical Practice. Clinical tests aimed at determining HRD
status are based on the analysis of specific genomic altera-
tions that reflect HRD. HRD determination plays a key role
in selecting patients who may benefit from PARP inhibi-
tor therapy or other agents that act by inducing DNA dam-
age, especially in the treatment of ovarian cancer. How-
ever, for correct interpretation of results and optimal use
of these tests in clinical practice, a clear understanding of
both their methodological foundations and existing limi-
tations is required [40] (see Table 3).

Table 3 - Advantages and limitations of homologous recombination deficiency (HRD) testing methods [40]

other HRR genes

Type of test Principle Advantages Limitations
Genetic testing (BRCA and | Analysis of germline and/or Allows identification of hereditary | Does not always reflect functional
HRR genes) somatic mutations in BRCA1/2 and| and acquired mutations; an HRR status; it does not account for

accessible method

other HRD mechanisms.

Genomic scar analysis
(LOH, TAI, LST)

Evaluation of structural genome
alterations using SNP arrays or
NGS

Widely used in clinical practice

Reflects “historical” instability
rather than the current HRR
function

Integration of LOH, TAIl, and LST
to calculate the overall HRD score

Composite genomic
instability score

Validated in randomized trials

Requires standardization; limited
use in other cancer types

Mutational signatures
(WGS/WES)

Whole-genome or exome
sequencing to identify specific
mutation patterns

Potentially more accurate
prediction of HRD and therapy
sensitivity

Requires fresh-frozen samples;
expensive; not widely implemented

Functional tests (RAD51) Measurement of RADS1 protein

activity involved in HRR

Reflects current functional HRR
status; applicable to FFPE
samples

Requires standardization; limited
availability of laboratories

Note: FFPE - formalin-fixed, paraffin-embedded tissue; LOH - loss of heterozygosity; LST - large-scale chromosomal transitions; TAl - telomeric allelic
imbalance; WGS - whole-genome sequencing; WES - whole-exome sequencing, covering only coding genomic regions (exons); RAD51 - protein

involved in the homologous recombination DNA repair process.

Although HRD testing is currently FDA-approved only
for ovarian cancer, it also has potential significance in the
treatment of prostate, pancreatic, and breast cancers.
Therefore, in such cases, testing is recommended on an in-
dividual basis. The primary objective remains the devel-
opment of tests capable of accurately identifying the HRD
phenotype of a tumor and predicting sensitivity to PARP
inhibitors, allowing for more precise patient selection and
maximizing therapeutic benefit [41].

There are three main approaches to HRD testing:

1. Analysis of germline and somatic mutations in HRR
pathway genes;

2. Detection of “genomic scars” or mutational profiles
indicating genomic instability;

3. Assessment of the functional status of the HRR sys-
tem (Figure 1) [42].

Mutations in HRR Genes. The BRCAT and BRCA2 genes
play a key role in the HRR mechanism. Disruption of
their function is one of the main factors contributing
to the development of HRD in tumors [12]. All patients
with newly diagnosed epithelial OC are recommended
to undergo both germline and somatic BRCA testing.
BRCA1/2 mutations are the most common cause of he-
reditary OC and are detected in approximately 20% of
cases [44].

The BRCA genes function independently, ensuring
genomic stability through the homologous recombina-
tion mechanism [45]. Testing helps identify patients who
are potentially sensitive to PARP inhibitor therapy. Even
with negative results for germline mutations, somatic test-
ing may reveal additional mutation cases (an additional
6-7%) [28].
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Figure 1 — Main approaches to HRD testing [adapted from: 1]

According to TCGA data, approximately 30% of pa-
tients with HGSOC exhibit alterations in HRR genes [28].
Mutations in RAD51C, RAD51D, BRIP1, and other pathway
components, including ATM, CHEK1, CHEK2, and CDK12,
also increase sensitivity to DNA repair inhibitors [34, 44,
45]. Amplification of the EMSY gene (a BRCA2 inhibitor) is
associated with HRD, while CCNET amplification correlates
with intact homologous recombination and poor progno-
sis [48].

Clinical data show that somatic mutations in HRR genes
(beyond BRCA) may also provide comparable survival out-
comes and sensitivity to platinum-based therapy. Howev-
er, due to the rarity of these mutations, their impact is as-
sessed collectively [38].

Genomic Scars and Mutational Markers of Genomic Insta-
bility. Modern HRD tests often use SNP microarrays to ana-
lyze somatic copy number variations (CNV). Several studies
have used CNV analysis to assess BRCA status, measuring
parameters such as LST [101], LOH [9], and TAI[10]. Combin-
ing these indicators increases the accuracy of distinguish-
ing tumors with intact versus deficient HRR function [13].

Among commercial tests, FoundationOne (Foundation
Medicine, USA) uses LOH analysis, while myChoice HRD
(Myriad Genetics, USA) calculates a genomic instability
score by integrating LOH, TAI, and LST (Figure 2).

The genomic instability index (GIS) assessment meth-
od is the only one validated in randomized clinical trials
[38]. Although mutation-based tests using whole-genome

sequencing potentially offer greater accuracy, they require
fresh-frozen samples, while in clinical practice, forma-
lin-fixed and paraffin-embedded (FFPE) blocks are more
commonly available. Moreover, there is currently insuffi-
cient data to confirm the effectiveness of such tests in pre-
dicting response to PARP inhibitors in HGSOC.

Functional Tests for Homologous Recombination Defi-
ciency. All available HRD tests are based on DNA analysis,
reflecting mutations accumulated in the tumor. However,
therapeutic pressure may induce resistance, particularly
in metastatic tumors, which reduces the accuracy of such
tests.

A functional alternative is the assessment of nuclear
RAD51 protein levels, which is involved in homologous re-
combination. RAD51 forms foci in the nucleus upon DNA
damage, and this process depends on the BRCA1-PALB2-
BRCA2 complex. In model systems, reduced RAD51 activ-
ity is associated with BRCA deficiency and sensitivity to
PARP inhibitors [48].

The RAD51 test has demonstrated reliability in FFPE tis-
sues, particularly in selecting patients with ovarian and
breast cancer who respond to PARP inhibitors [49, 50].

Homologous Recombination Deficiency Testing in Lab-
oratory Practice. HRD testing methods vary and include
cause-based and effect-based analyses, sequencing, and
SNP-based techniques to evaluate genomic instability.
Various HRD tests are available on the market, intended
for laboratories equipped with high-throughput NGS plat-
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forms. European academic centers are developing their
tests, aiming to replicate the results of Myriad MyChoice

CDx - for example, the Leuven test, developed within the
ENGOT European initiative.

o T
myChoice CDx BRCA mutation + GIS C»’)
Myriad Genetics 54,000 SNPs
Tumor tissue
FoundationOne CDx BRCA mutation + LOH
Foundation Medicine 324 genes 4
Ll ==
Molecular Intelligence BRCA mutation + LOH .
Caris : 592 genes FFPE slides
Tempus xT HRD test BRCA mutation + LOH v
Tempus 648 genes NPT
ARG,
AmoyDx BRCA mutation + GIS ,
Amoy Diagnostics 24,000 SNPs MNGS
SOPHiIA DDM™ HRD BRCA mutation + LOH
Sophia Genetics 28 HRR genes BRCA mutation/HRR genes
+ genomic scars

Figure 2 — Methods to assess HRD status in commercial tests [adapted from: 41]

The PAOLA-1/ENGOT-ov25 study, which analyzed 468
ovarian cancer samples, demonstrated a strong correla-
tion between the Leuven HRD test and Myriad myChoice
PLUS results. Modern tests such as AmoyDX HRD Focus,
Oncomine Comprehensive Assay Plus, SOPHiA DDM HRD
Solution, and Illumina TruSight Oncology 500 HRD offer
different thresholds to determine HRD status. To more pre-
cisely characterize their prognostic value, these tests need
to be compared with the gold standard (BRCA1/2, GIS) [1]
in clinical studies, which will help determine their role in
therapy selection. Moreover, the combined use of sever-
al such tests may enhance prognostic significance and
requires further investigation, as results must be aligned
with the treatment initiation timeline.

Currently, several HRD tests are commercially availa-
ble. However, implementation of this testing strategy in
routine clinical practice remains an open question. The
study by Fumagalli et al. evaluated the technical feasibility
of the HRD Focus Assay (Amoy Diagnostics, China), which
can detect pathogenic BRCA1/2 alterations and calculate
HRD scores [51]. In a retrospective series of 95 HGSOC pa-
tients who underwent external testing using the myChoic-
eCDx solution (Myriad Genetics, USA), the success rate of
the internal testing strategy was 84.2%. Furthermore, a
statistically significant degree of concordance (97.3%) was
observed between the molecular BRCA1/2 assessments
obtained using these two methodological approaches.
The internal testing approach demonstrated outstanding
negative predictive value (100.0%) and encouraging pos-
itive predictive value (83.3%) compared to the external
solution.

One of the key advantages of performing internal
tests is the ability to control sample quality and quanti-

ty, as well as select the most appropriate material. How-
ever, the technical heterogeneity inherent in internal
HRD testing must be taken into account. Differences in
parameters such as reference ranges, analyzed genom-
ic indicators [1], and the composition of extended pan-
els emphasize the need for standardization of analytical
processes before the broad implementation of internal
HRD testing.

Limitations of Homologous Recombination Deficiency
(HRD) Analysis.

1. FFPE Material. The selection of appropriate tu-
mor material for HRR gene analysis is a critical step. In
cases of disease recurrence, preference is given to for-
malin-fixed paraffin-embedded (FFPE) material, as the
tumor’s HRD profile may change between the initial di-
agnosis and disease relapse. However, in some cases,
the quantity and quality of FFPE tissue may be insuffi-
cient, rendering the sample unsuitable for analysis. In
such situations, it is preferable to use the material ob-
tained at the time of the primary diagnosis. Neverthe-
less, this is not always feasible, especially when treat-
ment has been administered across different medical
institutions at various stages of the disease. In such cas-
es, and if the laboratory’s technical capabilities allow,
germline BRCA mutation analysis should be considered
(Figure 3).

Moreover, FFPE samples frequently present alterations
that are not true mutations but rather artifacts, such as
base deamination or severe DNA fragmentation. These ar-
tifacts are often difficult to interpret accurately. Incorrect
fixation — whether due to delayed initiation or excessive-
ly prolonged fixation - significantly affects sample quality
and the reliability of molecular genetic analysis.
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Figure 3 - Limitations of Homologous Recombination Deficiency Analysis

Therefore, it is recommended that molecular laborato-
ries and pathology departments adhere to recognized na-
tional and international standards, such as ISO 15189. This
is essential to ensure high quality at both the pre-analyti-
cal and analytical stages.

2. Selection of a Representative Tumor Area. Choosing
the correct tumor area for investigation and assessing pa-
rameters such as the percentage of malignant cells, ne-
crosis, and inflammatory infiltration play a key role in the
molecular assessment of HRD. To allow for the reliable
detection of genetic alterations, the tumor cell content
in the tested sample should be at least 30%, and at least
40% for certain tests. This condition can be challenging
to meet in tumors with marked inflammatory cell infil-
tration, which is frequently observed in HRD-associated
cancers.

3. Tumor Evolution Events. The clinical relevance of HRD
testing in OC is currently assessed primarily in the context
of predicting PARP inhibitor efficacy, rather than as a di-
rect indicator of HRD biological status. Beyond BRCA1/2
mutations, a major unresolved issue is whether genomic
scars can serve as prognostic biomarkers that predict tu-
mor sensitivity to platinum salts or PARP inhibitors. One of
the key limitations of current genomic scar tests is their in-
ability to detect tumor evolution events, such as the resto-
ration of homologous recombination activity in response
to therapy. These factors, which dynamically modulate the
homologous recombination pathway and drug accumula-
tion, may significantly reduce the predictive value of HRD
“genomic scar” tests.

Furthermore, there are currently no documented cases
where secondary mutations or BRCA1/2 reversions restore

homologous recombination ability. Although a BRCA mu-
tation may initially cause a genomic scar indicative of HRD,
the tumor may regain homologous recombination profi-
ciency even if the scar remains visible. This is especially rel-
evant in OC, where approximately half of all BRCA-mutat-
ed tumors resistant to platinum-based therapy eventually
restore BRCA function after platinum treatment. Addition-
ally, many mechanisms of resistance to PARP inhibitors un-
related to BRCAT mutations cannot be detected using HRD
“genomic scar” tests.

For example, membrane transporters may play a key
role in both innate and acquired resistance. In this re-
gard, tests that enable the functional assessment of ho-
mologous recombination activity in tumor material may
become a valuable tool in clinical practice, offering sig-
nificant advantages. For a more precise approach with-
in personalized medicine, the ideal strategy would be to
integrate data on platinum sensitivity, “genomic scars”,
mutational markers, and functional tests - providing a
comprehensive view of the presence of HRD and the tu-
mor’s DNA repair capability throughout treatment.

4. Intratumoral Heterogeneity. One of the major chal-
lenges to effective diagnosis and therapy is intratumor-
al heterogeneity, which refers to genetic differences be-
tween the primary tumor, biopsy site, and metastatic
areas. Within a single tumor, multiple subclones of cells
with distinct mutational profiles may coexist. Studies
investigating the mutational spectrum in various seg-
ments of tumor tissue have shown significant variation
in genetic alterations depending on the location of the
sampled tissue [15]. These data confirm the presence of
spatial genomic heterogeneity, which can significantly
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impact the reliability of results when analyzing biomark-
ers such as “genomic scars”. Such discrepancies may arise
even when analyzing individual biopsy samples [16],
which complicates data interpretation and underscores
the need for a careful approach in selecting material for
molecular analysis.

Thus, the same tumor may be classified as either
HRD-positive or HRD-negative depending on the biop-
sy site, which is explained by potential sampling bias. This
phenomenon includes both biological differences ob-
served between separate biopsies and technical artifacts
inherent to the method, including even minor variations
in tissue composition between samples. It is also impor-
tant to consider the genetic diversity that may exist within
different parts of the same tumor specimen.

Variants of Uncertain Significance. The high frequency
of variants of uncertain significance (VUS) in other HRR-re-
lated genes is most likely due to the limited data availa-
ble for interpreting mutations outside BRCAT and BRCA2.
When analyzing HRR genes, various databases are often
used, which may contain contradictory or ambiguous in-
formation, as the clinical significance of many such alter-
ations remains undetermined. Some studies [1, 3] have
reported a high frequency of VUS in HRR genes among pa-
tients with ovarian cancer. However, they also emphasize
that two decades of research on BRCAT and BRCA2 have
led to a substantial reduction in the frequency of VUS in
these genes, resulting in VUS rates that are lower than in
most other genes.

Discussion: Based on the data obtained, several key
points can be identified that confirm the importance of
testing for homologous recombination deficiency (HRD)
in the treatment of ovarian cancer, particularly when using
PARP inhibitors and other DNA-damaging agents.

The Significance of HRD in Ovarian Cancer Therapy. Ho-
mologous recombination deficiency serves as an impor-
tant prognostic indicator to identify patients who are
most likely to benefit from therapies targeting DNA repair
mechanisms, including PARP inhibitors. Various factors
can cause HRD, the most extensively studied of which are
mutations in the BRCA1/2 genes, as well as alterations in
other components of the DNA repair system, such as ATM,
RAD51, and PALB2, among others [17]. Such genetic and
epigenetic alterations render tumor cells more vulnera-
ble to certain types of therapy, which can significantly im-
prove clinical outcomes.

The Importance of Accurate Testing. The methods used
to detect HRD vary in sensitivity and specificity, under-
scoring the need for their standardization and unifica-
tion. Differences in technical execution, such as the gene
panels used, threshold values, or the types of genomic
alterations analyzed, can significantly impact the relia-
bility of the data obtained. Therefore, it is especially im-
portant to correlate the results of various methods with

an established reference standard, such as the detection
of mutations in the BRCA1/2 genes. This approach ena-
bles a more objective evaluation of the prognostic val-
ue of each test, thereby enhancing the clinical accuracy
of diagnosis.

Genetic Heterogeneity of the Tumor and Spatial Genomic
Heterogeneity. The presence of mutational diversity within
a single tumor represents a major challenge for molecular
diagnostics and disease prognosis. Genetic heterogenei-
ty, resulting from differences between regions of the same
tumor, may lead to discrepancies in HRD test results de-
pending on the site of biopsy sampling. This is due to both
the tumor’s intrinsic biological characteristics and techni-
cal factors, including the biopsy site and analysis of differ-
ent tissue regions, requiring a cautious approach to result
interpretation.

The Issue of Variants of Uncertain Clinical Significance
(VUS). The high frequency of variants of uncertain signifi-
cance in genes responsible for DNA repair in patients with
ovarian cancer complicates the accurate interpretation of
molecular tests and the making of informed therapeutic
decisions. However, with the accumulation of data and
improvements in mutation classification, there is a trend
toward a decreasing proportion of VUS—particularly in
BRCA1/2 genes—which positively influences diagnostic
accuracy and prognostic evaluation.

Collaboration Between Institutions and the Develop-
ment of New Diagnostic Approaches. Despite the availabil-
ity of various methods to determine HRD status, their rou-
tine implementation in clinical practice remains limited.
To overcome this barrier, active collaboration between re-
search and clinical institutions is needed to develop, val-
idate, and standardize testing approaches. Reliable and
reproducible diagnostic methods, including functional as-
says, should become an integral part of the treatment pro-
tocol for all patients with high-grade serous ovarian carci-
noma (HGSOC).

Conclusion: Determination of HRD status plays a key
role in the personalized treatment of ovarian cancer, par-
ticularly in the administration of PARP inhibitors. Howev-
er, the effectiveness of this approach largely depends on
the quality and accuracy of the tests used, as well as on
the ability of the methods to adequately reflect the spec-
trum of genetic alterations present in the tumor. It is es-
sential to consider not only laboratory parameters but
also clinical factors, including the spatial heterogeneity
of the neoplasm and the influence of biological features
on test results.

Successful implementation of HRD testing in clinical
practice requires addressing issues of method standardi-
zation and optimization, as well as conducting addition-
al studies aimed at improving tests and deepening the
understanding of the mechanisms underlying tumor re-
sistance. Multi-institutional efforts to develop a unified
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approach to HRD testing will contribute to more accurate
identification of patients eligible for PARP inhibitor thera-
py and improve treatment outcomes.

Looking ahead, it is essential to develop a comprehen-
sive strategy that integrates all available data, from muta-
tional markers to functional HRD analyses, and can serve
as a foundation for a more precise and effective approach
to ovarian cancer therapy, thereby ensuring the best pos-
sible outcomes for each patient.
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“«KasakctaH-Peceit MeauunHansik yHuepeuteti» MEBBM, Anmatsl, Kasakctad Pecny6nukace;
2«C.)K. Acthenanspos aTbiHaarsl Kasak ynTTblk MeavumHa yHueepcuteTin KEAK, Anmatel, KasakctaH Pecny6nmkacs!

Oszexkminizi: Fanvimoap Kamepai iCik 2eHOMUKACBIHbIY He2i30epin 3epmmeyoi JcoHe mepeHipex 3epmmeyoi JHcai2acmulpa Omulpbin, oiap
Kamepai icikmiy opmypai hopmanapeina mon bap2am caiivli KeHipek MoAeKyiavlK caycak izoepin mabyoa. Ocvinoaii benzcinepoiy 6ipi opmypui
Kamepai icikmepOiy 6uon02UACHIH Mycinyde bapean cailblh Manbi30bl OOIBIN Kejle HCAMKAH 20MONOUSANBIK, PEKOMOUHAYUS MANUbLIbLZb]
(homologous recombination deficiency, HRD) 6onbin mabduiiaosl.

3epmmeydin makcamol — ananvik 6e3i Kamepai icicinOe 20MON0SMbIK PEKOMOUHAYUS MANUBLIbIZ6l CMAMYCbIH 0a2aay Yuin HapblKma
JHCOHE KIUHUKATBIK MOdICipudede Koi0anbLiamull KOIOAHbiCcmaabl 90icmepae WMoy Heacay.

Aoicmepi: Byn wonyoa spmypii 90ebuem K630epi namuoaiansliovl, COHbIH [UIHOe 2blIbIMU MAKALAIAp, wonyiap. 9oebuemmepoi izoey
PubMed, Cochrane library, Scopus scone Web of Science Oepexxopaapvinoa «ocymvipmra bOesiniy paevy, "homologous recombination
deficiency", "homologous recombination repair” 0ecen kinm coz0epmen ducypeizindi. Maxananrapovl wory HeyMulCoiHA KOCY 0NAPObIY MA3MYHbI
MeH 3epmmey maxwipblOblHa colikec Kenyine Heeiz0endi. [30ey mepenoizi 5 scornovt (2020-2025 xe.) Kkammuibi.

Homuoswcenepi: Lllonyoa yceinviizan op 90icmiy 63 apmulKubLIbIKMAPbl MeH KeMuwlinikmepi 0ap, COHObIKMAaH Koadaz2vl mecmmepoi
KAUHUKATLIK 3epmmeynepoe armbvin cmanoapmnen (BRCA1/2, GIS) canvicmuipy ome mansi30vl, Oy oaapovly 60IACAMObIK MOHIH JHCAKCHIPAK
cunammayaa JHcone 0aapovl emMoey CXeMAacblHa eHneizyee MyMKIHOIK Oepedi. bipHewe mecmmiy KOMOUHAYUACHL HcO2apbl OONIHCAMOBIK MOHOL
Kammamacels emyi mymxin. HRD iwki mecminepin cunammaumoii mexHuKaiulk oipmexmi emecmikmi eckepy manwi3ovl. Keubip mexnukanviy
cunammamanapoazol GApUAYUsIAp (Mblcaibl, peghepenmmik aykKoim, maidanamulii 2eHOMObIK, KopcemKiuimep, naneiboi kenetmy) iuxi HRD
mecminepin eneizbecmer 6ypbiH AHATUMUKALBIK NPOYedypalapobl YiiecmipyOiy Mabl30bLIbl2blH KOPCemeol.

Kopvimoinovi: HRD cmamycein manoay ananvlk 6esi kamepaii iciei bap HayKacmapowl mepanesmukaiblk emoeyoe Kasxcem. Anaiioa bipneue
NPeanaiumuKaIblK JHCOHE AHATUMUKATBLK, YAKMOPAAP OHBIH XUPYPSUSATBIK NAMOL02US 3ePMXAHANAPLIHOA2bL KIUHUKATBIK CHIHAKMAPLIHA dCep
emyi mymkin. Conavl dcolioapsl Hapvikma kenmezen HRD mecminepi naiioa 6010bl, 6ipar o1apOvly KIUHUKALGIK KOTOAHBLLYbL 9l KyHee OelliH
KyHOenikmi mocipube bonvin mabviamauovl. Ken canranvl Kyw-dcicep ananvl Oe30epliy dcozapsl 0opediceni cepo30bl KApYuHomMacsl oap
bapavik nayuenmmep yuiin cotikec HRD mecmin Kammamacslz ememin ey sHcaKcol mociioepoi aHblKmaybvl Kepex.

Tyiiinodi co30ep: ananvix be3i Kamepii icici, 20MON02USIBIK peKoMOuHayus manuwlivizbl (HRD), buomapkep, mymayusi.

AHHOTALUA

COBPEMEHHBIE METO/bI OITPEJIEJIEHUS JE®UIIATA TOMOJOT MYHOM
PEKOMBHMHAIIUA ITPU PAKE ANYHUKOB:
OB30P JIMTEPATYPbBI

C.0. Ocuxbaesa', M.T'. Opaszanuesa', A.E. Aiidapoe™, JI.H. /[youes', P.3. A6opaxmanos’

'AO «Kasaxckuit Hay4HO-MCCrieAoBaTENBCKII MHCTUTYT OHKONOMMM W pagumonorny, Anmathl, Pecrybnuka Kasaxcrah,
3K Ha MXB «AnmaTuHCKuil OHKonoriieckui LigHTp», Anmartsl, Pecnybnuka Kasaxcran,
*HYO «KazaxcraHckuit-Poccuiickuii MeauUmMHCK yHuBepeuTeT», Anmarsl, Pecnybnuka Kasax-ctaH;
HAO «Kasaxckuii HaLMoHanbHbI MeauumMHckuin yHueepeuTeT umenm C.10. AcdeHamsiposay, An-marsl, Pecnybnnka Kasaxcran

Axmyanvrnocmy: I1o mepe mozo, kak yuénvle npoooIHCAION U3Yuamy u yeayousamoscsi ¢ 0CHO8bl PAKOGOU 2eHOMUKU, UM YOAEMCsl GblA6ISAMb
6c€ Gonee OOWUPHBIE MONEKYIAPHbIE (OMNEUAMKUY, XAPaKmepHvle 015 PA3HLIX (Gopm oHKonozuveckux 3aboreéanui. OOHUM U3 MAKUX
NpU3HAKo8 Aeasemcs oehuyum comonocuunol pekomounayuu (homologous recombination deficiency, HRD), snauenue komopozo 6ospacmaem
6 KOHmMeKcme NOHUMAHUS OUOTLO2UL PA3TUYHBIX 81008 PAKA.

Leny uccnedosanusn — 0630p cywecmseyowux Ha PoIHKe U 8 KIUHUYECKOU NPAKMUKe Meno008 OYeHKU CMAamyca 0e@uyuma 20MoI02UYHOU
PeKoMOUHayuU npu paxke AUYHUKOS.

Memoowvr: B oannom o630pe Gvliu UCNONb3068AHbI PA3IUYHBIE UCHIOYHUKY JUMEPAMYpPbl, 6KAI0UAs HayuHble cmambi, 0030pul. Tlouck
aumepamypwi ovL1 ocywecmener 6 bazax PubMed, Cochrane Library, Scopus u Web of Science, ucnonv3ys kiwouegvle ci08a «paxk SUdHUKOBY,
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«homologous recombination deficiency», «homologous recombination repairy. Bxuouenue cmameii 6 0630p NpoUCX00uio HA OCHOBE UX
cooepacanus u peieaHmHocmu 01 memul uccreoosanus. I nybuna noucka cocmasuna 5 nem (2020-2025 2.).

Pesynvmameor: Kasicowlil uz paccmompennvix memooos 061addaem ceouMu CULbHbIMU U CAAObIMU CIOpOoHamu. [ 6oiee mouHol OYeHKy
NPOSHOCMUYECKOU 3HAYUMOCIU PA3IUYHBIX MeCno8 HeoOX00UMO NPOBOOUMb UX CPAGHEHUe ¢ NPUSHAHHLIMU SMATOHHBIMU MEmoOaMu,
maxumu kax BRCA1/2 u eenommuvlii unoexc HecmadbuibHOCMU, 8 PAMKAX KAUHUYECKUX ucciedosanuil. Mcnonvzosanue KOMOUHAYUY HECKOIbKUX
Mecmos Moducem NnosblCUms MOYHOCMb NPO2HO3a. IIpu d9mom 8adicHO YUUMbIEAMb MeXHUUecKue paziudis, XapakmepHoie Ons JOKAIbHO
paspabamvisaemovix HRD-mecmos. Paznoo6pasue 6 mexnuyeckux napamempax — makux Kak Ouanazon peghepeHCHvIX 3HAUeHUll, 2eHOMHbIe
nokasamenu, 8xo0Awue 8 AHAIU3, U COCMA8 nauenell — NoouepKusdaenm HeoOXO0OUMOCmb CIMAHOApMU3AYUU 1a60PamopHulX npoyeoyp 0o
WUPOKO2O KIUHUYECKO20 GHEOPEHUs. MAKUX MeCmos.

3axntwuenue: Onpedenernue HRD-cmamyca uepaem 8ajxicwyi poib 6 evibope mepanuu Ol NAYUEHMOE8 ¢ PAKOM AUUHUKOS, OOHAKO HA
Pe3yIbmamueHoCHs. MeCmupoOsanis. MO2ym NOGIUAMb KaK NpeanHaiumuieckue, maxK u aHaiumuyeckue akmopuvl, 0COOEHHO 6 VCI06UAX
nabopamoputi xupypeudeckot namoao2uu. Hecmomps na nosenenue muoscecmea xommepuecku oocmynuvix HRD-mecmog ¢ nocieonue
20001, UX UCNONBb308AHUE 8 NOBCEOHEBHOU KIUHUYECKOU NPAKMUKe 0Cmaémes oepanuieHHvim. TpeGyomes coemecmuble YCunus pasiuyHblx
yupedcoenul 05 8bIpabOMKU ONMUMATLHBIX CMpame2utl, Komopule obecneyam Kavecmeennoe u cmanoapmusuposantoe onpeoenerue HRD y
6Cex NAYUeHmos ¢ cepo3HOll KAPYUHOMOU AUUHUKOG 8bICOKOU CIMENeHU 3I0KA4eCEeHHOCMU.

Knrwuesvie cnosa: pax ssuunuxa (PA), oedhuyum comonozuunoii pekomounayuu (HRD), 6uomaprep, mymayus.
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