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Simple Summary: Homologous recombination deficiency (HRD) is an important biomarker
in ovarian cancer, as it helps predict response to poly (ADP-ribose) polymerase (PARP)
inhibitors. Nearly half of ovarian cancer patients exhibit HRD, yet the impact of HRD status
on clinical outcomes in patients who are PARP inhibitor-naïve, remains unclear. This study
aims to evaluate platinum-sensitive high-grade serous ovarian cancer (HGSC) patients’
clinical characteristics and survival outcomes based on their HRD status. Furthermore, we
aim to explore whether platinum-resistant patients with homologous recombination repair
(HRR) gene mutations are HRD-positive.

Abstract: Background: HRD is a key biomarker in ovarian cancer, predicting response to
PARP inhibitors. However, it remains unclear whether HRD-positive patients differ from
HRD-negative patients in terms of clinical characteristics in PARP inhibitor-naïve popula-
tions. This study aims to evaluate platinum-sensitive PARP-inhibitor naïve ovarian cancer
patients’ clinical characteristics and survival outcomes based on HRD status. Secondly, to
investigate whether platinum-resistant patients with homologous recombination repair
(HRR) gene mutations are HRD-positive. Methods: Two distinct HRD algorithms—an
in-house genomic instability score (GIS) and the normalized large-scale state transitions
score (nLST)—were used to stratify patients as HRD-positive or HRD-negative. Clini-
cal data and survival in PARP inhibitor-naïve, platinum-sensitive HGSC patients were
analyzed. Results: A total of 71 platinum-sensitive PARP-inhibitor naïve patients were
analyzed. By in-house GIS, 37 patients (52%) were classified as HRD-positive and 34 (48%)
as HRD-negative. Using nLST, 43 (61%) were HRD-positive and 28 (39%) were HRD-
negative. Our analysis revealed no significant differences in clinical parameters or survival
between HRD-positive and HRD-negative platinum-sensitive patients. The only observed
difference was that somatic BRCA1/2-mutated patients were younger. In the subgroup of
six platinum-resistant patients harboring HRR gene mutations, four patients (67%) were
classified as HRD positive. Conclusions: Our findings suggest that HRD status does not
significantly influence clinical characteristics or survival outcomes in platinum-sensitive,
PARP inhibitor-naïve HGSC patients. As some platinum-resistant patients with HRR gene
mutations were HRD positive; this subgroup may benefit from further investigation into
the potential effect of PARP inhibitors.
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1. Introduction
Epithelial ovarian cancer (EOC) is the most lethal gynecologic malignancy in women,

with high-grade serous ovarian cancer (HGSC) being the most common subtype [1,2]. The
traditional standard of care for newly diagnosed advanced EOC is a combination of surgical
cytoreduction followed by platinum-based chemotherapy. However, the therapeutic land-
scape has evolved with the arrival of precision medicine, introducing targeted therapies
such as anti-angiogenic agents and poly (ADP-ribose) polymerase (PARP) inhibitors [3–5].

Homologous recombination deficiency (HRD) has emerged as a predictive biomarker
in HGSC, associated with response to both PARP inhibitors and platinum-based chemother-
apy [6–9]. HRD is observed in approximately 50% of HGSC cases [10]. This deficiency
is attributed to germline and somatic mutations in BRCA1/2, epigenetic silencing of the
BRCA1 promoter via hypermethylation, and deficiencies in other homologous recombi-
nation repair mechanisms such as alterations in homologous recombination repair (HRR)
genes other than mutations in BRCA1/2 [10–12].

The efficacy of PARP inhibitors in platinum-resistant ovarian cancer patients has
been evaluated in a few randomized clinical trials [13–16]. These studies have failed to
demonstrate a significant benefit of PARP inhibition. However, none of the trials have
assessed HRD status, which may be an important factor in predicting treatment response.
As HRD positivity is associated with increased sensitivity to PARP inhibitors, it remains
unclear whether a subset of platinum-resistant patients—specifically those with HRD-
positive tumors—could still derive clinical benefit from such treatment.

This study aims to evaluate the clinical characteristics and survival outcomes of
platinum-sensitive PARP-inhibitor naïve HGCS patients, stratified by HRD status. By
employing two distinct HRD algorithms—an in-house genomic instability score (GIS) and
the normalized large-scale state transitions score (nLST)—we investigate whether HRD-
positive and HRD-negative patients differ in terms of clinical data and survival [17,18]. To
the best of our knowledge, no prior studies have explored these associations in this specific
patient population. Secondly, we aim to investigate whether platinum-resistant patients
with HRR gene mutations are HRD-positive.

2. Materials and Methods
2.1. Patients and Tissue Samples

A total of 128 HGSC patients were selected from a previously reported cohort, on
whom we had performed DNA sequencing to identify druggable targets, including poten-
tial eligibility for PARP inhibitors (Figure 1) [19]. Among these, 79 patients were classified
as either platinum-sensitive (n = 47) or partially platinum-sensitive (n = 32) and were
included based on their eligibility for PARP inhibitor treatment according to current na-
tional guidelines [3–5]. Eight of these patients were excluded due to insufficient tumor
material, either because of a low tumor fraction or an inadequate amount of tissue material,
leaving a final cohort of 71 chemosensitive patients for further analyses. Among the 35
platinum-resistant patients, 6 (17%) were found to carry pathogenic mutations in HRR
genes and were therefore included in the study due to the presence of potentially druggable
targets for PARP inhibition in ATM, BRCA1 (n = 2), BRCA2, CDK12, and CHEK1. This
resulted in a final cohort of 77 HGSC patients with HRD status assessed.
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Figure 1. Flow diagram of patient inclusion and HRD status. GIS, genomic instability score; HGSC, 
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None of the patients in the study received treatment with PARP inhibitors. Sequencing 
was performed using DNA extracted from diagnostic tumor samples in a previous study 
from our department [19]. All patients were enrolled in the Pelvic Mass study/GOVEC 
study between October 2004 and October 2009. Clinical data for the patients were recorded 
in the Danish Gynecological Cancer Database (DGCD) [20]. Platinum-sensitivity was 
defined as the absence of relapse or progressive disease within 12 months after completing 
first-line platinum-based chemotherapy. Partial platinum-sensitivity was defined as relapse 
occurring between 6 and 12 months after treatment completion, whereas platinum-
resistance was defined as relapse or progressive disease within six months after the end of 
chemotherapy. The diagnosis of HGSC was confirmed by reviewing the original tissue 
samples by an experienced gynecologic oncology pathologist [19]. 

2.2. DNA Extraction, Library Preparation, and Sequencing 

DNA extraction, library preparation, and sequencing were performed as previously 
described [19]. FFPE blocks containing tumor-rich areas were selected by a gynecologic 
oncology pathologist, and genomic DNA was extracted using the Maxwell® RSC DNA 
FFPE Kit (Promega, Madison, WI, USA). DNA concentration was measured with the 
QubitTM dsDNA High-Sensitivity Assay kit (Thermo Fisher Scientific, Waltham, MA, 
USA). Library preparation for the OCAv3 panel, covering 161 cancer-related genes 
including druggable targets, was performed manually. Sequencing was performed on the 
Ion S5™ XL Sequencer (Thermo Fisher Scientific, Waltham, MA, USA), and data were 
analyzed using Ion Reporter™ Software (v. 5.14) and the Oncomine Comprehensive v3–
w4.0–DNA–Single Sample workflow. Mutational data analysis was performed using 
Python (v. 3.7), as previously described [19,21,22]. Only pathogenic and likely pathogenic 
variants, defined by ClinVar and classified according to ACMG criteria, were included 
[23]. This study exclusively included somatic mutation analyses. Germline testing was not 
performed, and potential germline variants were therefore not identified. 

  

Figure 1. Flow diagram of patient inclusion and HRD status. GIS, genomic instability score; HGSC,
high-grade serous ovarian cancer; HRD, homologous recombination deficiency; HRR, homologous
recombination repair; nLST, normalized large-scale transition score.

None of the patients in the study received treatment with PARP inhibitors. Sequencing
was performed using DNA extracted from diagnostic tumor samples in a previous study
from our department [19]. All patients were enrolled in the Pelvic Mass study/GOVEC
study between October 2004 and October 2009. Clinical data for the patients were recorded
in the Danish Gynecological Cancer Database (DGCD) [20]. Platinum-sensitivity was
defined as the absence of relapse or progressive disease within 12 months after complet-
ing first-line platinum-based chemotherapy. Partial platinum-sensitivity was defined as
relapse occurring between 6 and 12 months after treatment completion, whereas platinum-
resistance was defined as relapse or progressive disease within six months after the end
of chemotherapy. The diagnosis of HGSC was confirmed by reviewing the original tissue
samples by an experienced gynecologic oncology pathologist [19].

2.2. DNA Extraction, Library Preparation, and Sequencing

DNA extraction, library preparation, and sequencing were performed as previously
described [19]. FFPE blocks containing tumor-rich areas were selected by a gynecologic
oncology pathologist, and genomic DNA was extracted using the Maxwell® RSC DNA
FFPE Kit (Promega, Madison, WI, USA). DNA concentration was measured with the
QubitTM dsDNA High-Sensitivity Assay kit (Thermo Fisher Scientific, Waltham, MA, USA).
Library preparation for the OCAv3 panel, covering 161 cancer-related genes including
druggable targets, was performed manually. Sequencing was performed on the Ion S5™
XL Sequencer (Thermo Fisher Scientific, Waltham, MA, USA), and data were analyzed
using Ion Reporter™ Software (v. 5.14) and the Oncomine Comprehensive v3–w4.0–DNA–
Single Sample workflow. Mutational data analysis was performed using Python (v. 3.7), as
previously described [19,21,22]. Only pathogenic and likely pathogenic variants, defined
by ClinVar and classified according to ACMG criteria, were included [23]. This study
exclusively included somatic mutation analyses. Germline testing was not performed, and
potential germline variants were therefore not identified.
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2.3. HRD Analysis

All tumor samples were analyzed for HRD using the OncoScan CNV FFPE Assay,
as previously described [17]. HRD assessment could not be performed in 8 out of the 77
platinum-sensitive patients due to insufficient tumor material. For the remaining samples
where HRD analysis was carried out, the calculated allele-specific copy number–based
tumor fraction ranged from 0.27 to 1. Twenty-one patients had previously had their HRD
status measured as part of a validation study in our department [17]. HRD assessment
was performed with two published R-based algorithms, generating an in-house GIS and
nLST [17,18,24]. Genomic instability was evaluated by calculating loss of heterozygosity
(LOH), large-scale state transitions (LST), and telomeric allelic imbalance (TAI) scores. The
in-house GIS was calculated as the sum of these three parameters, with a local cut-off of
in-house GIS of ≥50 used to define HRD positivity [17]. For nLST analysis, the OncoScanR
v1.6.0 package was used, and HRD-positivity was determined by a cut-off of nLST ≥ 15 [18].
The cut-off value for in-house GIS (≥50) was based on a previously published validation
study, in which the in-house GIS assay was compared with the Myriad myChoice® HRD
test. Using receiver operating characteristic (ROC) curve analysis, an optimal cut-off of
49.75 was identified, providing a diagnostic accuracy of 85%, a low false-positive rate
(12.3%), and a false-negative rate of 1.7%. The area under the curve (AUC) was 0.968,
indicating excellent test performance. For consistency and ease of interpretation, the cut-off
was rounded to 50 and applied in this study [17]. A similar approach was used for the nLST
score, with a threshold of ≥15 derived from validation against the PAOLA-1 cohort [18]. It
is important to note that the in-house GIS and nLST represent two distinct algorithms, each
with different methodologies and cut-offs. Specifically, nLST is not a direct measure of the
LST component used in the GIS, but rather a separate metric developed independently to
assess genomic instability.

2.4. Statistical Analysis

All statistical analyses were performed using Python (v. 3.7) and R [19]. The Shapiro–
Wilk test was used to assess the normality of the data, which indicated that the data
were not normally distributed. The Wilcoxon Rank-Sum Test was employed to determine
whether there were significant differences between the groups for the various continuous
variables analyzed. For categorical variables, the Chi-squared test was used when expected
cell counts were sufficiently large (≥5); otherwise, Fisher’s exact test was applied. Survival
outcomes between groups were compared using Kaplan–Meier analysis and log-rank test.

3. Results
3.1. Patients

HRD status was successfully assessed in 77 individuals included in this study. A total
of 40 patients were platinum-sensitive, 31 patients were partially platinum-sensitive and 6
patients were platinum-resistant (Figure 1). Seventy-five patients were treated with carbo-
platin and taxol and two patients were treated with carboplatin alone. Seventy-five patients
received six cycles of carboplatin and taxol, one received five cycles with carboplatin and
one received four cycles with carboplatin and taxol. No differences in clinical characteristics
and chemotherapy treatment between included and excluded patients were observed.

3.2. HRD Analysis in Platinum-Sensitive Patients

Using the in-house GIS, 37 patients (52%) were classified as HRD-positive, while 34
(48%) were HRD-negative. Applying the nLST algorithm, 43 patients (61%) were identified
as HRD-positive, and 28 (39%) as HRD-negative (Figure 1). Twelve patients (17%) displayed
discordant HRD status between the two algorithms, the majority of those being positive
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with the nLST algorithm and negative with the in-house GIS-score (Figure 2). No significant
differences in in-house GIS (p = 0.91) or nLST (p = 0.59) scores were observed between
platinum-sensitive and partially platinum-sensitive patients (Figures 3 and 4). Similarly,
when comparing BRCA1/2-mutated patients with HRD-positive BRCA1/2-wt and HRD-
negative patients, no significant differences in in-house GIS (p = 0.98) or nLST (p = 0.33)
scores were found.
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3.3. Clinical Characteristics and Survival in Platinum-Sensitive Patients

We compared clinical characteristics between HRD-positive and HRD-negative
platinum-sensitive HGSC patients, including age, performance score, disease stage, and
surgical radicality (Tables 1 and 2). No significant differences were observed between HRD-
positive and HRD-negative patients, whether defined by the in-house GIS or nLST score.
Furthermore, no significant clinical differences were identified between HRD-positive pa-
tients defined by the in-house GIS and nLST algorithms, nor were there differences among
HRD-negative patients across these classifications. Similarly, no differences in overall
survival were found between HRD-positive and HRD-negative patients, regardless of the
algorithm used (in-house GIS: p = 0.79; nLST: p = 0.76) (Figures S1 and S2). Only patients
with FIGO stage 3 and 4 diseases were included in the survival analysis.

Table 1. Clinical characteristics of the platinum-sensitive HGSC patients according to HRD status
measured with in-house GIS.

HRD-Positive (N = 37) HRD-Negative (N = 34) p-Value

Age in years median (range) 59 (41–89) 66 (42–87) 0.057
CA125 median (range) 728 (46–17,160) 416 (30–7230) 0.053

RMI median (range) 5109 (252–51,480) 3155 (63–65,070) 0.156
BMI median (range) 24 (19–34) 24 (19–41) 0.950

Follow up time in months median
(range) 87 (63–121) 87 (63–121) 0.612

Performance score
0–1 35 (95%) 28 (82%) 0.756
≥2 2 (5%) 8 (18%) 1.000

FIGO stage
I–II 7 (19%) 7 (21%) 0.592

III–IV 30 (81%) 27 (79%) 0.238
Residual tumor after surgery

0–1 24 (65%) 25 (74%) 0.821
≥1 13 (35%) 9 (26%) 1.000
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Table 1. Cont.

HRD-Positive (N = 37) HRD-Negative (N = 34) p-Value

Platinum response
>12 months (sensitive) 21 (57%) 19 (56%) 1.000

6–12 months (partial sensitive) 16 (43%) 15 (44%) 1.000
Survival in months
OS median (range) 55 (11–174) 49 (16–189) 0.284
PFS median (range) 23 (8–107) 19 (10–95) 0.467

FIGO, International Federation of Gynecology and Obstetrics; HGSC, high-grade serous ovarian cancer; HRD,
homologous recombination deficiency; GIS, genomic instability score; OS, overall survival; PFS, progression free
survival; RMI, risk of malignancy index.

Table 2. Clinical characteristics of platinum-sensitive HGSC patients according to HRD status
measured with nLST.

HRD-Positive (N = 43) HRD-Negative (N = 28) p-Value

Age in years median (range) 62 (41–89) 67 (42–87) 0.084
CA125 median (range) 728 (46–17,160) 258 (30–7230) 0.014

RMI median (range) 7092 (252–51,480) 2885 (63–65,070) 0.147
BMI median (range) 25 (19–35) 24 (19–41) 0.269

Follow up time in months median
(range) 88 (63–123) 87 (65–123) 0.517

Performance score
0–1 38 (88%) 25 (89%) 0.608
≥2 5 (12%) 3 (11%) 0.375

FIGO stage
I–II 9 (21%) 5 (18%) 1.000

III–IV 34 (79%) 23 (82%) 0.423
Residual tumor after surgery

0–1 28 (65%) 21 (75%) 0.750
≥1 15 (35%) 7 (25%) 1.000

Platinum response
≥12 months (sensitive) 21 (49%) 19 (68%) 0.182

6–12 months (partial sensitive) 22 (51%) 9 (32%) 0.182
Survival in months
OS median (range) 54 (11–174) 57 (16–189) 0.757
PFS median (range) 20 (8–107) 22 (10–95) 0.580

FIGO, International Federation of Gynecology and Obstetrics; HGSC, high-grade serous ovarian cancer; HRD,
homologous recombination deficiency; nLST, normalized large-scale transition score, OS, overall survival; PFS,
progression free survival; RMI: risk of malignancy index.

A total of 12 patients demonstrated discordant HRD status depending on whether the
in-house GIS or nLST algorithm was applied (Figure 2). Of these, nine (75%) patients were
classified as negative according to the in-house GIS. Among these, two patients had scores
near the cutoff, with GIS values of 48 and 49, respectively. Three patients were positive
according to the in-house GIS but negative according to the nLST algorithm. Two of these
patients scored close to the cutoff (nLST scores of 13.5 and 14.5, respectively; Figure 2). The
12 patients with discordant HRD status were compared to the 59 patients with concordant
HRD status to identify any differences in clinical characteristics, including age, performance
status, or tumor stage. Statistical analysis revealed no differences between the discordant
and concordant groups, although the small number of patients in the discordant group
limits the ability to draw firm conclusions (Table S1).

The only significant clinical differences observed were in age; patients with BRCA1/2
mutations in the tumor tissue were younger compared to BRCA1/2 wt patients (p = 0.001).
This age difference remained significant when comparing BRCA1/2 mutated patients to
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HRD-positive BRCA1/2 wt patients, whether defined by the in-house GIS (p = 0.006) or
nLST score (p = 0.004). Using the nLST algorithm, a significant difference in CA125 levels
was observed between HRD-positive and HRD-negative patients (p = 0.014) (Table 2).
However, this significance was driven by a single outlier with an exceptionally high CA125
level of 17,160. When this observation was excluded from the analysis, the difference
was no longer statistically significant. No significant difference in survival was observed
between platinum-sensitive patients with BRCA1/2 mutations and those with BRCAwt
(p = 0.39) (Figure S3).

3.4. Mutational Analysis

Among the included 71 platinum-sensitive patients, 65 (92%) had 1 or more pathogenic
or likely pathogenic mutations. These mutations were distributed across 29 cancer-related
genes, including TP53 mutations in 63 patients (89%) and BRCA1/2 mutations in 16 patients
(23%) (Table S2). Only the genes TP53 (89%), BRCA1 (18%), and CREBBP (8%) were mutated
in more than 5% of the patients. Mutations in CREBBP were identified in six patients, five
of whom were classified as HRD-positive. In the HRD-positive group defined by in-house
GIS, 34 patients (92%) had TP53 mutations, compared to 29 patients (85%) in the HRD-
negative group. Similarly, when HRD status was defined by nLST score, 39 HRD-positive
patients (91%) and 24 HRD-negative patients (83%) had TP53 mutations. Eighteen platinum-
sensitive patients (49%) had mutations in HRR genes, including BRCA1/2 (n = 16), ATM
(n = 1), and CDK12 (n = 1). All of them were HRD positive with both algorithms. Thus, 20
HRD-positive patients without HRR gene mutations were identified using the in-house
GIS, while 26 were identified using the nLST score.

3.5. Platinum-Resistance and HRD

HRD analyses were conducted in six platinum-resistant HGSC patients harboring
HRR gene mutations, including BRCA1 (n = 2), BRCA2, ATM, CHEK1, and CDK12 (Table S3).
Among these, four patients (67%) were HRD-positive, while two patients (33%) were HRD-
negative. HRD status was consistent regardless of the used algorithm (Table S3). The
HRD-positive patients had pathogenic mutations in BRCA1, BRCA2, and CDK12, while
the HRD-negative patients had pathogenic mutations in ATM and CHEK1. All platinum-
resistant patients completed six full doses of chemotherapy. Additionally, we analyzed the
timing of relapse among the four HRD-positive platinum-resistant patients. The relapses
did not cluster around the 6-month cut-off.

4. Discussion
Clinical characteristics and survival outcomes in PARP inhibitor-naïve platinum-

sensitive HGSC patients, using both the in-house GIS and nLST scores, revealed no signifi-
cant differences between HRD-positive and HRD-negative groups, except that BRCA1/2
mutated patients were younger. Therefore, our findings are novel and provide valuable
insights into this patient population.

Interestingly, one study has examined the association between HRD status and the
impact of different cancer spread patterns (miliary versus non-miliary) in a PARP inhibitor-
naïve cohort [25]. It was observed that tumors exhibiting miliary spread were exclusively
HRD-negative, and patients with these tumors demonstrated significantly poorer survival
outcomes compared to those with HRD-negative tumors exhibiting non-miliary spread.
Notably, patients with HRD-negative tumors with non-miliary spread exhibited survival
outcomes comparable to those with HRD-positive tumors [25]. This finding highlights the
possible heterogeneity among HRD-negative patients and reinforces the need to assess
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specific tumor characteristics, such as spread patterns, to enhance our understanding of
survival outcomes.

In a previous study, we identified that HGSC patients with somatic BRCA1/2 mu-
tations had a longer overall survival compared to BRCAwt patients [19]. In this study,
including platinum-sensitive patients only, no survival benefit was observed in patients
with BRCA1/2 mutations compared to those without such mutations. Similarly, when
analyzing HRD status within this platinum-sensitive PARP inhibitor-naïve population,
we found no significant survival advantage for HRD-positive patients independent of the
algorithms used. This suggests that platinum sensitivity itself is a stronger independent
prognostic factor of survival outcomes than HRD status.

In our study, platinum sensitivity is defined as the absence of relapse or progressive
disease, or a relapse occurring more than six months after completing first-line chemother-
apy. Relapse and progression were determined using the best clinical evaluations based
on imaging modalities such as CT, MRI, and PET-CT scans, along with serum CA125
levels and patient symptoms. However, the definition of platinum sensitivity remains a
topic of ongoing debate due to the significant variability in its criteria across studies. As
highlighted in a newly published review, platinum sensitivity can range from the absence
of relapse within six months to progression-free intervals exceeding 12 months [26,27].
This variability complicates cross-study comparisons and may influence how patients are
selected for PARP inhibitor treatment.

Furthermore, we applied two algorithms for HRD status. While the in-house GIS
algorithm has been validated against Myriad, the nLST score has undergone clinical
validation against the PAOLA cohort [17,18]. In the clinical validation, the nLST test
identified more HRD-positive cases among BRCAwt patients compared to the Myriad
test [18]. This difference is mainly explained by the threshold used; the nLST cut-off
of 15 corresponds to a Myriad GIS of 38. Patients falling into the “HRD low positive”
group (15 ≤ nLST < 20) responded better to PARP inhibitor treatment than HRD-negative
patients, with a 1-year PFS similar to HRD high positive (nLST > 20) but with a lower
2-year PFS [18]. In our study, we found more HRD-positive patients using the nLST score,
as expected. This was the case both when using a cut-off of 15, and when applying a
higher cut-off of 18, corresponding to the Myriad threshold. The study presents that the
choice of the algorithm significantly impacts the proportion of patients identified as HRD-
positive, directly influencing treatment eligibility. Previous studies have also highlighted
this challenge, which remains a key barrier to optimizing patient outcomes [28–30]. This
underscores the importance of thoroughly validating the algorithms and assays used to
define the HRD status in a clinical setting.

Twelve patients showed discordant HRD status between the GIS and nLST algorithms.
We did not observe any clear clinical patterns distinguishing discordant patients from those
with concordant HRD results, such as differences in age, FIGO stage, platinum sensitivity,
or survival outcomes (Table S1). However, the small sample size of the discordant group
limits the strength of the conclusions. One possible explanation for the discordance is that
these patients harbor intermediate levels of genomic instability that place them close to
the scoring thresholds. These findings suggest that discordant patients might represent an
intermediate HRD phenotype, highlighting the complexity of accurately classifying HRD
and the need for further refinement of HRD assays.

BRCA1/2 mutated patients were younger than BRCA1/2 wt patients, likely due to
genetic predisposition. However, we did not perform germline analyses to confirm heredi-
tary mutations. Additionally, we observed that three platinum-resistant patients harbored
BRCA1/2 mutations. None of the specific BRCA1/2 mutations could explain why these pa-
tients were platinum-resistant. All three were HRD-positive according to both algorithms,
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suggesting a biallelic BRCA1/2 defect in these cases. Our in-house GIS was not close to
the cut-off for any of these patients. Nevertheless, it has previously been reported that
HRD-positive patients can still exhibit platinum resistance, likely due to the activation of
alternative resistance mechanisms [31].

Few randomized studies have investigated the impact of PARP inhibitors on PFS
in platinum-resistant ovarian cancer patients [13–16]. None of these trials have demon-
strated a significant benefit, and importantly, none have determined HRD status in the
included populations. However, using archival tumor samples, the OCTOVA trial plans
further biomarker analyses to assess tumor HRD status, including BRCA1/2 mutation
status. Furthermore, prior studies investigating PARP inhibitors in women with relapsed
platinum-resistant ovarian cancer have shown that treatment response is largely influ-
enced by BRCA1/2 mutation status. Patients harboring BRCA1/2 mutations have demon-
strated response rates of up to 30% with olaparib, whereas significantly lower response
rates—ranging from 3% to 13%—have been reported in BRCA1/2 wt patients, as shown
in trials such as QUADRA (niraparib) and CLIO (olaparib) [32–34]. In our cohort, we
identified four HRD-positive patients among the platinum-resistant subgroup of six pa-
tients with HRR gene mutations, raising the question of whether a subgroup of patients
within this typically treatment-resistant population could still benefit from PARP inhibitor
therapy. Future studies focusing specifically on HRD-positive platinum-resistant patients
are therefore warranted.

Tumor heterogeneity can be a challenge in assessing HRD status as it may vary
depending on which tumor biopsy is analyzed, even when samples are taken from the
same patient on the same day. A study by Sztupinszki et al. demonstrated that biopsies
from different anatomical locations can yield divergent HRD results [35]. In an SNP array-
based cohort, individual patients had up to 27 biopsies taken from various locations or
at different time points [36]. In 8 out of the 16 cases, the HRD score varied significantly,
with values fluctuating above and below the accepted HRD threshold of 42 [37]. They also
extracted three DNA samples from the same primary surgery material, and conducted
whole-exome sequencing, and found that the HRD scores were remarkably consistent [38].
However, none of the studies report the tumor fraction in the tissue samples, making it
difficult to evaluate the quality of the HRD analyses. In our study, HRD status was assessed
based on a single tissue sample per patient. This is a common approach and is supported
by the study by Wahlde et al., who collected three biopsies from the same breast tumor in
33 patients. HRD status was assessed in 70 of the biopsies, and they found that HRD scores
were highly consistent between different biopsies obtained from the same tumor [39].

The present study demonstrates that HRD status, as determined by both in-house
GIS and nLST algorithms, is not associated with distinct clinical characteristics or survival
in platinum-sensitive, PARP inhibitor-naïve HGSC patients. These findings suggest that,
within this specific clinical context, HRD testing may have limited prognostic value. Never-
theless, it is important to emphasize that our results do not undermine the established role
of HRD as a predictive biomarker for response to PARP inhibitors. Rather, they underscore
the need to clearly distinguish between the predictive and prognostic applications of HRD
testing. While our data do not support its use as a prognostic tool in PARP inhibitor-
naïve settings, HRD testing remains clinically relevant for guiding therapeutic decisions,
particularly in identifying patients likely to benefit from PARP inhibitor treatment [3].

A key strength of this study is the inclusion of patients outside the context of ran-
domized clinical trials, allowing for a more representative population unrestricted by
strict eligibility criteria. This approach represents a broad cross-section of the popula-
tion, reducing selection bias. Unlike clinical trials with strict criteria, this study captures
the heterogeneity of patients typically encountered in routine practice. By utilizing data
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from a real-world cohort, we address these limitations and provide a more accurate rep-
resentation of clinical characteristics and survival outcomes among PARP inhibitor-naïve
platinum-sensitive HGSC patients [40]. Another strength of our study is the use of two
distinct algorithms to define HRD status: the in-house GIS and the nLST score. Notably, the
consistent results produced by both algorithms reinforce the validity of our findings [41].

Lastly, one limitation of our study is that some of our analyses, such as those focusing
on mutational analysis and platinum-resistant patients, were descriptive in nature due
to limited statistical power caused by the small number of patients or mutations [42]. In
particular, the subgroup of platinum-resistant patients with HRR mutations was extremely
small (n = 6), with only four patients being HRD-positive. This limits the generalizability
and robustness of any conclusions regarding the potential benefit of PARP inhibitors in
this group. As such, the subgroup analyses’ results should be interpreted cautiously and
viewed as hypothesis-generating rather than conclusive. Larger studies are needed to
validate these preliminary observations.

5. Conclusions
Our findings suggest that HRD status is not associated with clinical characteristics

or survival outcomes in PARP inhibitor-naïve platinum-sensitive HGSC patients. These
results emphasize the need for further research to explore other potential markers or factors
influencing clinical outcomes. Interestingly, we identified four HRD-positive patients
among six platinum-resistant cases with HRR gene mutations, highlighting a potential
subgroup that may benefit from PARP inhibitor therapy. Therefore, future studies focusing
on HRD-positive patients within the platinum-resistant population are warranted.
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PET-CT Positron Emission Tomography-Computed Tomography
TAI Telomeric Allelic Imbalance
TP53 Tumor Protein p53
wt Wild Type

References
1. World Cancer Research Fund International. Ovarian Cancer Statistics. n.d. Available online: https://www.wcrf.org/preventing-

cancer/cancer-statistics/ovarian-cancer-statistics (accessed on 2 December 2024).
2. Lheureux, S.; Gourley, C.; Vergote, I.; Oza, A.M. Epithelial ovarian cancer. Lancet 2019, 393, 1240–1253. [CrossRef] [PubMed]
3. González-Martín, A.; Harter, P.; Leary, A.; Lorusso, D.; Miller, R.E.; Pothuri, B.; Ray-Coquard, I.; Tan, D.S.P.; Bellet, E.; Oaknin, A.;

et al. Newly diagnosed and relapsed epithelial ovarian cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and
follow-up. Ann. Oncol. 2023, 34, 833–848. [CrossRef] [PubMed]

4. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) Ovarian
Cancer Continue Including Fallopian Tube Cancer and Primary Peritoneal Cancer. 2024. Available online: https://www.nccn.
org/guidelines/guidelines-detail?category=1&id=1453 (accessed on 7 May 2025).

5. Danske Multidisciplinære Cancer Grupper (DMCG). Ovariecancer—Medicinsk Behandling af Primær Ovariecancer Stadie
IIB-IV 2025. Available online: https://www.dmcg.dk/kliniske-retningslinjer/kliniske-retningslinjer-opdelt-paa-dmcg/
gynakologiskcancer/ovariecancer/ovariecancer---medicinsk-behandling-af-primar-ovariecancer-stadie-iib-iv/ (accessed on 7
May 2025).

6. Murthy, P.; Muggia, F. PARP inhibitors: Clinical development, emerging differences, and the current therapeutic issues. Cancer
Drug Resist. 2019, 2, 665–679. [CrossRef] [PubMed]

7. Moore, K.; Colombo, N.; Scambia, G.; Byoung-Gie, K.; Oaknin, A.; Friedlander, M.; Lisyanskaya, A.; Floquet, A.; Leary, A.; Sonke,
G.S.; et al. Maintenance Olaparib in Patients with Newly Diagnosed Advanced Ovarian Cancer. N. Eng. J. Med. 2018, 379,
2495–2505. [CrossRef]

8. Ray-Coquard, I.; Pautier, P.; Pignata, S.; Cropet, C.; González-Martín, A.; Marth, C.; Nagao, S.; Vergote, I.; Colombo, N.; Mäenpää,
J.; et al. Olaparib plus Bevacizumab as First-Line Maintenance in Ovarian Cancer. N. Eng. J. Med. 2019, 381, 2416–2428. [CrossRef]

https://www.wcrf.org/preventing-cancer/cancer-statistics/ovarian-cancer-statistics
https://www.wcrf.org/preventing-cancer/cancer-statistics/ovarian-cancer-statistics
https://doi.org/10.1016/S0140-6736(18)32552-2
https://www.ncbi.nlm.nih.gov/pubmed/30910306
https://doi.org/10.1016/j.annonc.2023.07.011
https://www.ncbi.nlm.nih.gov/pubmed/37597580
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1453
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1453
https://www.dmcg.dk/kliniske-retningslinjer/kliniske-retningslinjer-opdelt-paa-dmcg/gynakologiskcancer/ovariecancer/ovariecancer---medicinsk-behandling-af-primar-ovariecancer-stadie-iib-iv/
https://www.dmcg.dk/kliniske-retningslinjer/kliniske-retningslinjer-opdelt-paa-dmcg/gynakologiskcancer/ovariecancer/ovariecancer---medicinsk-behandling-af-primar-ovariecancer-stadie-iib-iv/
https://doi.org/10.20517/cdr.2019.002
https://www.ncbi.nlm.nih.gov/pubmed/35582575
https://doi.org/10.1056/NEJMoa1810858
https://doi.org/10.1056/NEJMoa1911361


Cancers 2025, 17, 1628 13 of 14

9. González-Martín, A.; Pothuri, B.; Vergote, I.; Depont Christensen, R.; Graybill, W.; Mirza, M.R.; McCormick, C.; Lorusso, D.;
Hoskins, P.; Freyer, G.; et al. Niraparib in Patients with Newly Diagnosed Advanced Ovarian Cancer. N. Eng. J. Med. 2019, 381,
2391–2402. [CrossRef]

10. Cancer Genome Atlas Research Network. Integrated genomic analyses of ovarian carcinoma. Nature 2011, 474, 609–615. [CrossRef]
11. Farmer, H.; McCabe, H.; Lord, C.J.; Tutt, A.N.; Johnson, D.A.; Richardson, T.B.; Santarosa, M.; Dillon, K.J.; Hickson, I.; Knights, C.;

et al. Targeting the DNA repair defect in BRCA mutant cells as a therapeutic strategy. Nature 2005, 434, 917–921. [CrossRef]
12. Radhakrishnan, S.K.; Jette, N.; Lees-Miller, S.P. Non-homologous end joining: Emerging themes and unanswered questions. DNA

Repair 2014, 17, 2–8. [CrossRef]
13. Nicum, S.; McGregor, N.; Austin, R.; Collins, L.; Dutton, S.; McNeish, I.; Glasspool, R.; Hall, M.; Roux, R.; Michael, A.; et al.

Results of a randomised Phase II trial of olaparib, chemotherapy or olaparib and cediranib in patients with platinum-resistant
ovarian cancer. Br. J. Cancer 2024, 130, 941–950. [CrossRef]

14. Colombo, N.; Nicoletto, M.O.; Benedetti Panici, P.; Nicoletto, M.O.; Tognon, G.; Bologna, A.; Lissoni, A.A.; DeCensi, A.; Lapresa,
M.; Mancari, R.; et al. BAROCCO: A randomized phase II study of weekly paclitaxel vs. cediranib-olaparib combination given
with continuous or intermittent schedule in patients with recurrent platinum resistant ovarian cancer (PROC). Ann. Oncol. 2019,
30, v896. [CrossRef]

15. Lee, J.M.; Brady, M.F.; Miller, A.; Moore, R.G.; MacKay, H.; McNally, L.; Lea, J.; Street, D.; Lheureux, S.; McDonald, M.E.; et al.
Cediranib and Olaparib Combination Compared with Cediranib or Olaparib Alone, or Chemotherapy in Platinum-Resistant or
Primary Platinum-Refractory Ovarian Cancer: NRG-GY005. J. Clin. Oncol. 2024, 42, 36. [CrossRef] [PubMed]

16. Colombo, N.; Tomao, F.; Benedetti Panici, P.; Nicoletto, M.O.; Tognon, G.; Bologna, A.; Lissoni, A.A.; DeCensi, A.; Lapresa, M.;
Mancari, R.; et al. Randomized phase II trial of weekly paclitaxel vs. cediranib-olaparib (continuous or intermittent schedule) in
platinum-resistant high-grade epithelial ovarian cancer. Gynecol. Oncol. 2022, 164, 505–513. [CrossRef]

17. Schejbel, L.; Poulsen, T.S.; Vestergaard, L.K.; Christensen, I.J.; Høgdall, E. Evaluation of the Oncomine Comprehensive Assay
Plus NGS Panel and the OncoScan CNV Assay for Homologous Recombination Deficiency Detection. Mol. Diagn. Ther. 2024, 29,
117–127. [CrossRef] [PubMed]

18. Christinat, Y.; Ho, L.; Clément, S.; Genestie, C.; Sehouli, J.; Cinieri, S.; Gonzalez Martin, A.; Denison, U.; Fujiwara, K.; Vergote, I.;
et al. Normalized LST Is an Efficient Biomarker for Homologous Recombination Deficiency and Olaparib Response in Ovarian
Carcinoma. JCO Precis. Oncol. 2023, 7, e2200555. [CrossRef]

19. Sisman, Y.; Vestergaard, L.K.; de Oliveira, D.N.P.; Poulsen, T.S.; Schnack, T.H.; Høgdall, C.; Høgdall, E. Potential Targeted
Therapies in Ovarian Cancer. Pharmaceuticals 2022, 15, 1324. [CrossRef]

20. Sørensen, S.M.; Bjørn, S.F.; Jochumsen, K.M.; Jensen, P.T.; Thranov, I.R.; Hare-Bruun, H.; Seibæk, L.; Høgdall, C. Danish
Gynecological Cancer Database. Clin. Epidemiol. 2016, 8, 485–490. [CrossRef]

21. Muzzey, D.; Evans, E.A.; Lieber, C. Understanding the Basics of NGS: From Mechanism to Variant Calling. Curr. Genet. Med. Rep.
2015, 3, 158–165. [CrossRef]

22. Vestergaard, L.K.; Oliveira, D.N.P.; Poulsen, T.S.; Høgdall, C.K.; Høgdall, E.V. Oncomine TM Comprehensive Assay v3 vs.
Oncomine TM Com- prehensive Assay Plus. Cancers 2021, 18, 5230. [CrossRef]

23. Richards, S.; Aziz, N.; Bale, S.; Bick, D.; Das, S.; Gastier-Foster, J.; Grody, W.W.; Hegde, M.; Lyon, E.; Spector, E.; et al. Standards
and guidelines for the interpretation of sequence variants: A joint consensus recommendation of the American College of Medical
Genetics and Genomics and the Association for Molecular Pathology. Genet. Med. 2015, 17, 405–424. [CrossRef]

24. Marquard, A.M.; Eklund, A.C.; Joshi, T.; Krzystanek, M.; Favero, F.; Wang, Z.C.; Richardson, A.L.; Silver, D.B.; Szallesi, Z.;
Birkbak, N.J. Pan-cancer analysis of genomic scar signatures associated with homologous recombination deficiency suggests
novel indications for existing cancer drugs. Biomark Res. 2015, 3, 9. [CrossRef]

25. Schnaiter, S.; Schamschula, E.; Laschtowiczka, J.; Fiegl, H.; Zschocke, J. Stratification of Homologous Recombination Deficiency-
Negative High-Grade Ovarian Cancer by the Type of Peritoneal Spread into Two Groups with Distinct Survival Outcomes.
Cancers 2024, 16, 2129. [CrossRef] [PubMed]

26. Cocchi, S.; Lopacinska-Jørgensen, J.; Høgdall, E.V. Potential Transcriptomic Biomarkers for Predicting Platinum-based Chemother-
apy Resistance in Patients With High-grade Serous Ovarian Cancer. Anticancer Res. 2024, 44, 4691–4707. [CrossRef] [PubMed]

27. Talijanovic, M.; Lopacinska-Jørgensen, J.; Høgdall, E.V. Gene Expression Profiles in Ovarian Cancer Tissues as a Potential Tool to
Predict Platinum-based Chemotherapy Resistance. Anticancer Res. 2025, 45, 11–26. [CrossRef]

28. Miller, R.E.; Leary, A.; Scott, C.L.; Serra, V.; Lord, C.J.; Bowtell, D.; Chang, D.K.; Garsed, D.W.; Jonkers, J.; Ledermann, J.A.; et al.
ESMO recommendations on predictive biomarker testing for homologous recombination deficiency and PARP inhibitor benefit in
ovarian cancer. Ann. Oncol. 2020, 31, 1606–1622. [CrossRef] [PubMed]

29. Mark, L.R.; Terp, S.K.; Krarup, H.B.; Thomassen, M.; Pedersen, I.S.; Bøgsted, M. Homologous Recombination Deficiency Detection
Algorithms: A Systematic Review. Cancers 2023, 15, 5633. [CrossRef]

30. Hoppe, M.M.; Sundar, R.; Tan, D.S.P.; Jeyasekharan, A.D. Biomarkers for homologous recombination deficiency in cancer. J. Natl.
Cancer. Inst. 2018, 110, 704–713. [CrossRef]

https://doi.org/10.1056/NEJMoa1910962
https://doi.org/10.1038/nature10166
https://doi.org/10.1038/nature03445
https://doi.org/10.1016/j.dnarep.2014.01.009
https://doi.org/10.1038/s41416-023-02567-6
https://doi.org/10.1093/annonc/mdz394.055
https://doi.org/10.1200/JCO.24.00683
https://www.ncbi.nlm.nih.gov/pubmed/39361946
https://doi.org/10.1016/j.ygyno.2022.01.015
https://doi.org/10.1007/s40291-024-00745-7
https://www.ncbi.nlm.nih.gov/pubmed/39312094
https://doi.org/10.1200/PO.22.00555
https://doi.org/10.3390/ph15111324
https://doi.org/10.2147/CLEP.S99479
https://doi.org/10.1007/s40142-015-0076-8
https://doi.org/10.3390/cancers13205230
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1186/s40364-015-0033-4
https://doi.org/10.3390/cancers16112129
https://www.ncbi.nlm.nih.gov/pubmed/38893248
https://doi.org/10.21873/anticanres.17296
https://www.ncbi.nlm.nih.gov/pubmed/39477310
https://doi.org/10.21873/anticanres.17389
https://doi.org/10.1016/j.annonc.2020.08.2102
https://www.ncbi.nlm.nih.gov/pubmed/33004253
https://doi.org/10.3390/cancers15235633
https://doi.org/10.1093/jnci/djy085


Cancers 2025, 17, 1628 14 of 14

31. Kekeeva, T.; Dudina, I.; Andreeva, Y.; Tanas, A.; Kalinkin, A.; Musatova, V.; Chernorubashkina, N.; Khoklova, S.; Tikhomirova, T.;
Volkonsky, M.; et al. Molecular Subgroups of HRD Positive Ovarian Cancer and Their Prognostic Significance. Int. J. Mol. Sci.
2024, 25, 13549. [CrossRef]

32. Kaufman, B.; Shapira-Frommer, R.; Schmutzler, R.K.; Audeh, M.W.; Friedlander, M.; Balmana, J.; Mitchell, G.; Fried, G.; Stemmer,
S.M.; Hubert, A.; et al. Olaparib monotherapy in patients with advanced cancer and a germline BRCA1/2 mutation. J. Clin. Oncol.
2015, 33, 244–250. [CrossRef]

33. Moore, K.N.; Secord, A.A.; Geller, M.A.; Miller, D.S.; Cloven, N.; Fleming, G.F.; Wahner Hendrickson, A.E.; Azodi, M.; DiSilvestro,
P.; Oza, A.M.; et al. Niraparib monotherapy for late-line treatment of ovarian cancer (QUADRA): A multicentre, open-label,
single-arm, phase 2 trial. Lancet Oncol. 2019, 20, 636–648. [CrossRef]

34. Vanderstichele, A.; Van Nieuwenhuysen, E.; Han, S.; Concin, N.; Van Gorp, T.; Berteloot, P.; Neven, P.; Busschaert, P.; Lambrechts,
D.; Vergote, I. Randomized phase II CLIO study on olaparib monotherapy versus chemotherapy in platinum-resistant ovarian
cancer. J. Clin. Oncol. 2025, 37, 5507. [CrossRef]

35. Sztupinszki, Z.; Diossy, M.; Borcsok, J.; Prosz, A.; Cornelius, N.; Kjeldsen, M.K.; Mirza, M.R.; Szallasi, Z. Comparative Assessment
of Diagnostic Homologous Recombination Deficiency associated mutational signatures in ovarian cancer. Clin. Cancer Res. 2021,
27, 5681–5687. [CrossRef]

36. Yang, S.Y.C.; Lheureux, S.; Karakasis, K.; Burnier, J.V.; Bruce, J.P.; Clouthier, D.L.; Danesh, A.; Quevedo, R.; Dowar, M.; Hanna, Y.;
et al. Landscape of genomic alterations in high-grade serous ovarian cancer from exceptional long- and short-term survivors.
Genome. Med. 2018, 10, 81. [CrossRef]

37. Telli, M.; Timms, K.; Reid, J.; Hennessy, B.; Mills, G.B.; Jensen, K.C.; Szallasi, Z.; Barry, W.T.; Winer, E.P.; Tung, N.M.; et al.
Homologous recombination deficiency (hrd) score predicts response to platinum-containing neoadjuvant chemotherapy in
patients with triple-negative breast cancer. Clin. Cancer Res. 2016, 22, 3764–3773. [CrossRef] [PubMed]

38. Pongor, L.S.; Munkácsy, G.; Vereczkey, I.; Pete, I.; Gyorffy, B. Currently favored sampling practices for tumor sequencing can
produce optimal results in the clinical setting. Sci. Rep. 2020, 10, 14403. [CrossRef]

39. Von Wahlde, M.K.; Timms, K.M.; Chagpar, A.; Wali, V.B.; Jiang, T.; Bossuyt, V.; Saglam, O.; Reid, J.; Gutin, A.; Neff, C.; et al.
Intratumor heterogeneity of homologous recombination deficiency in primary breast cancer. Clin. Cancer Res. 2017, 23, 1193–1199.
[CrossRef]

40. Tripepi, G.; Jager, K.J.; Dekker, F.W.; Zoccali, C. Selection bias and information bias in clinical research. Nephron. Clin. Pract. 2010,
115, c94–c99. [CrossRef] [PubMed]

41. Iudici, A.; Faccio, E.; Castelnuovo, G.; Turchi, G.P. Methodological bias that can reduce (or affect) the process of diagnostic
construction in clinical settings. Front. Psychol. 2019, 10, 157. [CrossRef]

42. Norton, B.; Strube, M. Understanding Statistical Power. J. Orthop. Sports Phys. Ther. 2001, 31, 307–315. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms252413549
https://doi.org/10.1200/JCO.2014.56.2728
https://doi.org/10.1016/S1470-2045(19)30029-4
https://doi.org/10.1200/JCO.2019.37.15_suppl.5507
https://doi.org/10.1158/1078-0432.CCR-21-0981
https://doi.org/10.1186/s13073-018-0590-x
https://doi.org/10.1158/1078-0432.CCR-15-2477
https://www.ncbi.nlm.nih.gov/pubmed/26957554
https://doi.org/10.1038/s41598-020-71382-3
https://doi.org/10.1158/1078-0432.CCR-16-0889
https://doi.org/10.1159/000312871
https://www.ncbi.nlm.nih.gov/pubmed/20407272
https://doi.org/10.3389/fpsyg.2019.00157
https://doi.org/10.2519/jospt.2001.31.6.307

	Introduction 
	Materials and Methods 
	Patients and Tissue Samples 
	DNA Extraction, Library Preparation, and Sequencing 
	HRD Analysis 
	Statistical Analysis 

	Results 
	Patients 
	HRD Analysis in Platinum-Sensitive Patients 
	Clinical Characteristics and Survival in Platinum-Sensitive Patients 
	Mutational Analysis 
	Platinum-Resistance and HRD 

	Discussion 
	Conclusions 
	References

