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Background: The homologous recombination deficiency (HRD) score serves as a promising biomarker to iden- 

tify patients who are eligible for treatment with PARP inhibitors (PARPi). Previous studies have suggested a 

3-biomarker Genomic Instability Score (GIS) threshold of ≥ 42 as a valid biomarker to predict response to PARPi 

in patients with ovarian cancer and breast cancer. However, the GIS threshold for prostate cancer (PCa) is still 

lacking. Here, we conducted an exploratory analysis to investigate an appropriate HRD score threshold and to 

evaluate its ability to predict response to PARPi in PCa patients. 

Methods: A total of 181 patients with metastatic castration-resistant PCa were included in this study. Tumor 

tissue specimens were collected for targeted next-generation sequencing for homologous recombination repair 

(HRR) genes and copy number variation (CNV) analysis. The HRD score was calculated based on over 50,000 

single-nucleotide polymorphisms (SNP) distributed across the human genome, incorporating three SNP-based as- 

says: loss of heterozygosity, telomeric allelic imbalance, and large-scale state transition. The HRD score threshold 

was set at the last 5th percentile of the HRD scores in our cohort of known HRR-deficient tumors. The relation- 

ship between the HRD score and the efficacy in 16 patients of our cohort who received PARPi treatment were 

retrospectively analyzed. 

Results: Genomic testing was succeeded in 162 patients. In our cohort, 61 patients (37.7%) had HRR mutations 

(HRRm). BRCA mutations occurred in 15 patients (9.3%). The median HRD score was 4 (ranged from 0 to 57) in 

the total cohort, which is much lower than that in breast and ovarian cancers. Patients who harbored HRRm and 

BRCA or TP53 mutations had higher HRD scores. CNV occured more frequently in patients with HRRm. The last 

5th percentile of HRD scores was 43 in the HRR-mutant cohort and consequently HRD high was defined as HRD 

scores ≥ 43. In the 16 patients who received PARPi in our cohort, 4 patients with a high HRD score achieved 

an objective response rate (ORR) of 100% while 12 patients with a low HRD score achieved an ORR of 8.3%. 

Progression-free survival (PFS) in HRD high patients was longer compared to HRD low patients, regardless of 

HRRm. 

Conclusions: A HRD score threshold of 43 was established and preliminarily validated to predict the efficacy of 

PARPi in this study. Future studies are needed to further verify this threshold. 
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. Introduction 

Prostate cancer (PCa) is the most prevalent genitourinary can-

er globally. 1 While treatment options at early stages offer relatively

romising prognosis, options become limited and prognosis becomes
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oor when patients are diagnosed with metastatic PCa, especially at

he castration-resistant stage. This necessitates precision screening for

ppropriate drugs. 

Previous studies have shown that patients with biallelic somatic or

ermline mutations in BRCA1 and BRCA2 are most likely to benefit from
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oly adenosine diphosphate–ribose polymerase inhibitor (PARPi) treat-

ent. 2 Recently, Olaparib has been approved for metastatic castration-

esistant prostate cancer patients (mCRPC) with homologous recom-

ination repair pathway mutations (HRRm), and Rucaparib has been

ecommended for patients carrying BRCA1 or BRCA2 mutations. How-

ver, only about 6–10% of patients carry BRCA mutations. 3 Addition-

lly, some patients with BRCA mutations do not respond to PARPi, and

ome patients with other homologous recombination repair (HRR) gene

utations or without HRRm respond to PARPi. 2 Therefore, there is an

rgent need to find a new biomarker that can effectively identify the

unctional status of the homologous recombination, thereby expanding

he population that can benefit from PARPi treatment while predicting

he efficacy of PARPi precisely. 

The homologous recombination deficiency (HRD) score is a novel

echnique that estimates the genomic scarring caused by HRD. It is cal-

ulated as the sum of three individual scores: loss of heterozygosity

LOH), telomeric allelic imbalance (TAI), and large-scale state transition

LST). 4-6 Previous studies have examined the threshold of the HRD score

o predict prognosis and treatment response to platinum chemotherapy

nd PARPi in ovarian cancer and breast cancer, 7-11 whereas in prostate

ancer the optimal HRD score threshold as a predictor remains undeter-

ined. 

Herein, we retrospectively collected tumor samples from 181 PCa

atients and successfully detected the HRRm status and HRD scores in

62 of them. We explored the threshold of the HRD score and found

hat an HRD score ≥ 43 may be an effective threshold. Additionally, we

nalyzed the association between the efficacy of PARPi and HRD scores

n 16 patients who underwent PARPi treatment. 

. Materials and methods 

.1. Experimental model and subject details 

We initiated the study by screening all patients diagnosed with

CRPC at Sun Yat-sen University Cancer Center between 2019 and

023. Then, we collected the formalin fixed paraffin-embedded (FFPE)

issues of patients who underwent prostate biopsy from a prospectively

stablished sample library. All the patients signed a written informed

onsent for the collection and analysis of their tissue samples. The sam-

les were obtained before the prescription of PARPi and underwent

athological re-evaluation, and only those with > 30% tumor content

ere considered eligible for further analysis. Ultimately, our study in-

luded a total of 181 PCa patients for whom the HRD scores and genomic

lterations were assessed using their FFPE tumor specimens. Patients

ncluded in this clinical cohort underwent PARPi treatment under the

ollowing circumstances: 1) progressed after first line androgen recep-

or pathway inhibitors (ARPIs) treatment at mCRPC and genetic testing

uggested that they were HRRm carriers, or 2) received at least two lines

f ARPIs at mCRPC. 

.2. Tissue collection, processing, and genomic DNA extraction 

A minimum of 15 FFPE tumor section samples were collected from

ach patient and the first slide for hematoxylin and eosin (H&E) staining.

he H&E slide was reviewed by two independent pathologists to deter-

ine the histological type and neoplastic cellularity (30% minimum).

enomic deoxyribonucleic acid (gDNA) was extracted and quantified

rom the patients’ specimen(s) using a standardized methodology. 12 

.3. Library construction, DNA sequencing, variant calling, and HRD 

nalysis 

DNA library construction were using the IDT xGEN Prism DNA Li-

rary Prep Kit and the manufacturer’s protocol. The Precision Human

RD Assay (OncoDeficiency Pro, Beijing) contains two sets of probes,

RD-score probes ( ∼50 K) and HRR-gene probes, which were used to
281
valuate HRD scores and genotype 36 HRR genes ( ABRAXAS1, ATM,

TR, BAP1, BARD1, BRCA1, BRCA2, BRIP1, EMSY, CDH1, CDK12,

HEK1, CHEK2, EPCAM, FANCA, FANCC, FANCD2, FANCI, FANCL,

LH1, MRE11, MSH2, MSH6, NBN, PALB2, PMS2, PPP2R2A, PTEN,

AD50, RAD51B, RAD51C, RAD51D, RAD54B, RAD54L, STK11, and

P53 ). 

Data were sequenced on the NovaSeq platform in PE150 mode by

ean depths of 150X (tumor) and 50X (control). The single-nucleotide

olymorphisms (SNPs) targeted by the Precision Human HRD Assay

ere selected based on the following criteria: SNPs on Y chromosome

ere removed; mitochondrial SNPs were removed; SNPs with minor-

llele-frequency (MAF) less than 1% in the European or West African

opulation were removed; SNPs with MAF less than 5% in the East Asian

opulation were removed; SNPs significantly deviated from Hardy-

einberg Equilibrium (HWE) in any of the three populations mentioned

bove were removed; SNPs with fixation indices (Fst) < 0.05 in the

ast Asian population were removed; SNPs with CG-content < 40% or >

0% were removed; SNPs located on short tandem repeats (STRs) were

emoved; SNPs evenly covered the human genome. We developed in-

ouse HRD score algorithm to assess genomic instability and calculated

 score for each of the three features: LOH, TAI, and LST. HRD score

as the sum of LOH, TAI, and LST scores. 

For genes included in the panel, a custom bioinformatic analy-

is pipeline was used to detect single nucleotide variants (SNVs) and

mall insertions and deletions (indels) in protein-coding regions and in-

ron/exon boundaries of the 36 genes. Variants were classified accord-

ng to the recommendations of the American College of Medical Genetics

nd Genomics (ACMG) for standards in the interpretation of sequence

ariations. Copy number variations (CNVs) calling in the 36 target genes

ere detected using the cnvkit (version v0.9.6). 

.4. Definition of endpoints 

The study endpoints included progression-free survival (PFS), de-

ned as the time from inclusion to progression or death from any cause,

hichever occurred first; clinical benefit rate, defined according to the

esponse Evaluation Criteria in Solid Tumours (RECIST) 13 as either

omplete response, partial response or stable disease (SD) lasting for

t least 16 weeks; objective response rate (ORR), defined as proportion

f patients in complete remission plus partial remission; and prostate

pecific antigen (PSA) response rate, defined as proportion of patients

ith a 50% decrease in PSA from baseline. 

.5. Statistical analysis 

The statistical analysis software was R 4.2.1. For descriptive anal-

sis, non-normally distributed data are presented as median with in-

erquartile range (IQR). Qualitative data are depicted as frequencies and

ercentages. To compare the non-normally distributed continuous vari-

bles, the Wilcoxon rank sum test was utilized. Chi-square test was used

or comparing categorical variables. PFS estimation was based on the

aplan-Meier method, and between-group hypothesis testing was based

n the log-rank test. Hazard ratios (HR) and corresponding 95% con-

dence intervals (CIs) were calculated using the CoxPH model. A two-

ided P value of less than 0.05 was considered statistically significant.

rism 10 and Adobe illustrator 2024 was used to create the graphs and

tructure the figures. 

. Results 

.1. HRRm status and establishment of a threshold for HRD score 

In total, 181 tumor samples were sent for HRD score testing and

RRm detection. Eventually, the HRD score, somatic HRRm, and CNV

ata were obtained successfully in 162 of 181 patients, with a success

ate of 89.5%. The genomic alterations were arranged from left to right
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ccording to the HRD score, with higher scores towards the left ( Fig. 1 A).

RRm occurred in 61 patients (61/162, 37.7%). Among the entire HRR

athway, PPP2R2A (30/162, 18.5%) was the most prevalent mutated

ene, followed by FANCA (22/162, 13.5%), CDH1 (16/162, 9.8%),

P53 (15/162, 9.3%), BRCA2 (15/162, 9.3%), and ATM (10/162, 6.2%)

 Fig. 1 A). Biallelic mutations only occurred in TP53, BRCA2, ATM,

SH2, CDK12, and PTEN ( Fig. 1 A). When patients were divided into

RR mutant and HRR intact groups, HRR mutant patients had higher

RD scores ( P < 0.001, Fig. 1 A and B). 

Since HRR is the primary pathway of repair when double-strand

reak of DNA occurs and deficiency in DNA damage repair may cause

NV due to genomic duplication, deletion or structural variation, we

nalyzed the relationship between HRRm and CNV. In total, 186 CNV

vents of 32 genes were detected, including 167 events (76 deletions and

1 amplifications) of 32 genes in HRR mutant patients and 19 events (6

eletions and 13 amplifications) of 5 genes in HRR wild-type patients.

NV events including both amplification and deletion were more fre-

uent in HRR mutant patients ( P < 0.001, Fig. 1 A and C). Among the

etected genes, NBN, RAD54B, PPP2R2A, PMS2, and ATR were the top 5

enes that presented with the most CNV events ( Fig. 1 A). Patients with

RCA or TP53 mutations exhibited higher median HRD scores (3 vs. 24,

 < 0.001 and 3 vs. 25, P < 0.001, respectively. Fig. 1 D and E). Addi-

ionally, among the patients with biallelic mutations in HRR pathway

enes, BRCA2, ATM, and TP53 had the highest HRD scores (median: 55,

6, and 35.5, respectively). 

To determine the threshold of the HRD score, the HRD score dis-

ribution of 162 PCa patients is presented in Fig. 1 F and is grouped

y HRRm status, which shows an apparent bimodal distribution. In the

ntire cohort, the median HRD score was 4 (range from 0 to 57). The

edian HRD score of HRR intact and HRR mutant patients was 2 (IQR:

–4) and 15 (IQR: 10–25), respectively. Considering, mutation of any

RR pathway genes may contribute to the dysfunction of HRR. There-

ore, to distinguish HRD patients from others more comprehensively, we

ivided the patients into two groups. To obtain a specificity of at least

5%, the threshold was determined at the last 5th percentile of the HRD

cores. Eventually, the threshold of HRD score of PCa patients was set at

3. Patients with a HRD score of ≥ 43 was deemed to be HRD high. At

ast, 4 of 162 patients were considered to be HRD high, among whom 3

ere BRCA1/2 mutation carriers. 

.2. Clinical characteristics and HRD scores in the clinical cohort 

To validate the threshold in the efficacy prediction of PARPi, we

ollected the clinical data of 16 patients among the entire cohort who

nderwent PARPi treatment. All patients underwent ARPIs as the first-

ine treatment in the metastatic castration-resistant stage. The median

ollow-up of the entire cohort was 5.5 months (range: 4–22 months).

etailed baseline characteristics were presented in Table 1 and Supple-

entary Table 1. Univariate analysis indicated that patients with higher

RD scores exhibited improved responses in both PSA and radiologic

valuations ( P = 0.003 and P < 0.001, respectively) and longer PFS

 P < 0.001). No difference was observed in age, HRD score, HRRm sta-

us, cT stage, and Gleason score. 

.3. Association of HRD score and HRRm with PSA and radiologic 

esponse to PARP inhibitors 

The distribution of all HRD scores across different radiologic and

SA response categories is displayed in Fig. 2 . Notably, all patients

ith high HRD scores achieved disease release, including complete re-

ponse and partial response, and experienced a PSA decline of over

0%. 

Fig. 3 shows the clinical benefit rate, ORR, and PSA response rate

f our cohorts in tumors stratified by HRD score, HRRm status, or the

ombination of these two variables. Our findings indicated that patients
282
ith higher HRD scores and HRRm status exhibited higher clinical re-

ponse rates, ORR, and PSA response rates. However, when patients

ith low HRD scores and HRRm status were considered separately from

hose with HRRm status, this subgroup of patients exhibited significantly

ower clinical response rates, ORR, and PSA response rates compared

ith patients with high HRD scores and HRRm status (16.7% vs. 100%,

% vs. 100%, and 16.7% vs. 100%, respectively). 

.4. Association of HRD score and HRRm with survival of PARPi treatment

To evaluate the association between PFS and HRD scores in patients

eceiving PARPi treatment, we initially stratified the cohort into HRR

ild-type (wt) and HRR mutant (mut) subgroups. However, no statis-

ically significant difference in PFS was observed between these two

roups ( P = 0.08, Fig. 4 A). Subsequently, we compared PFS between

atients with high and low HRD scores. Notably, patients with high

RD scores exhibited significantly longer PFS compared to those with

ow HRD scores ( P = 0.003, HR = 0.33 [95% CI, 0.01–0.32], Fig. 4 B).

o further investigate whether there were differences in PFS among pa-

ients with different HRD and HRRm statuses, we separated patients into

hree groups: HRD low/HRRwt, HRD low/HRRm, and HRD high/HRRm.

 statistically significant difference in PFS was observed between HRD

ow/HRRm and HRD high/HRRm ( P = 0.007, HR = 0.30 [95% CI, 0.08–

.19], Fig. 4 C). No difference was observed between HRD low/HRRwt

nd HRD low/HRRm ( P = 0.575, HR = 0.85 [95% CI, 0.27–2.634],

ig. 4 C). 

. Discussion 

This study analyzed the tumor samples from 181 PCa patients to

btain HRD scores, somatic HRRm, and CNV data, aiming to establish an

RD score threshold in PCa patients to predict the efficacy of PARPi. We

etermined the HRD score threshold at 43 by analyzing the distribution

f HRD scores among 162 patients. Our results indicated that patients

ith HRRm mutations had higher CNV frequencyies and HRD scores.

e further validated the threshold in a clinical cohort of 16 PCa patients

reated with PARPi. Notably, HRD high patients exhibited a significantly

etter response in both PSA and imaging studies compared with HRD

ow patients, regardless of HRRm status. These findings suggested that

he HRD score may serve as a predictor of response to PARPi treatment

n PCa patients. 

The frequency of somatic HRRm in our cohort was 37.7% (61/162),

hich was higher than the PKUFH cohort (3%), TCGA PARD (8.68%)

nd MSK-IMPACT (9.4%). However, this may be due to the different

isease stages. 14 , 15 In the TOPARP-B study, the frequency of DNA dam-

ge repair gene mutations among mCRPC patients was 27%, which was

igher than those with localized or metastatic hormone-sensitive pa-

ients. 16 Besides, a multi-institutional study revealed a somatic HRRm

requency of 35.7% in Asian patients, which was similar to our cohort

nd may explain the relatively high frequency of HRRm to some ex-

ent. 17 Our cohort showed that PPP2R2A was the most prevalent mutant

ene, followed by FANCA, CDH1, TP53, BRCA2, and ATM , which was

ifferent from Japanese patients ( CDK12, BRCA2, ATM, and CHEK2 ),

nd demonstrated a different mutation landscape between Chinese and

apanese patients. Nevertheless, the prevalence of BRCA2 and ATM mu-

ations was very close (9.3% vs. 12.6% and 6.2% vs. 5.6%, respec-

ively). Previous studies 18 found that patients with TP53 mutations have

igher HRD scores, which is also consistent with our findings (3 vs. 25,

 < 0.001). Additionally, PCa patients with BRCA2 mutations had higher

RD scores than those with ATM or CHEK2 mutations, and the median

RD score was lower in patients without HRRm compared with ovarian

ancer, which is consistent with our results. Beyond that, we also found

hat patients with HRRm exhibited more CNV events in both amplifica-

ion and deletion of HRR genes. Although it has not been well clarified

n previous studies of PCa, the amplification and deletion of HRR genes
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Fig. 1. Establishment of a threshold for HRD score. (A) Heatmap demonstrating the CNV and HRRm status in patients with distinct HRD scores. A HRD score of 43 

was used as the threshold of the definition of HRD_L and HRD_H. (B) Histograms displaying the distribution of HRD scores among patients stratified by HRR. (C) Bar 

plot comparing the frequency of CNV events including amplification and deletion in HRR wt and HRR mut patients. (D-E) Histograms displaying the distribution of 

HRD scores among patients stratified by BRCA , and TP53 mutation status, respectively. (F) The distribution of HRD scores based on HRRm status in the training set. 
∗ , represented where the HRD high patients with BRCA mutation located. ∗ ∗ ∗ ∗ , P < 0.0001. Amp, amplification; CNV, copy number variant; Del, deletion; H, high; 

HRD, homologous recombination deficiency; HRR, homologous recombination repair; L, low; LOH, loss of heterozygosity; Mut, mutant; Wt, wild-type. 

283
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Table 1 

Baseline characteristics and treatment response of the clinical cohort. 

Variables Entire cohort ( n = 16) HRD high ( n = 4) HRD low ( n = 12) P value 

Age, median (IQR), years 64.7 (60.8, 71.8) 69.3 (65.0, 74.3) 63.2 (56.0, 68.0) 0.206 

Ethnicity (%) 

Asian 16 (100) 4 (100) 12 (100) 1.000 

HRR (%) 

Intact 6 (38) 0 (0) 6 (50) 0.234 

Mutant 10 (62) 4 (100) 6 (50) 

cT (%) 1.000 

3b 4 (25) 1 (25) 3 (25) 

4 12 (75) 3 (75) 9 (75) 

Gleason score (%) 0.529 

7 3 (19) 0 (0) 3 (25) 

8–10 13 (81) 4 (100) 9 (75) 

Baseline PSA (%), ng/mL 1.000 

< 15 8 (50) 2 (50) 6 (50) 

≥ 15 8 (50) 2 (50) 6 (50) 

PSA response (%) 0.003 

No 11 (69) 0 (0) 11 (92) 

Yes 5 (31) 4 (100) 1 (8) 

Radiologic response (%) < 0.001 

No 12 (75) 0 (0) 12 (100) 

Yes 4 (25) 4 (100) 0 (0) 

PFS (%), months < 0.001 

< 6 12 (75) 0 (0) 12 (100) 

≥ 6 4 (25) 4 (100) 0 (0) 

Abbreviations: HRD, homologous recombination deficiency; HRR, homologous recombination repair; 

IQR, interquartile range; PFS, progression-free survival; PSA, prostate specific antigen. 

Fig. 2. Box plot showing HRD scores in different (A) radiologic response and (B) PSA response of PARPi treatment. CR, complete release; HRD, homologous 

recombination deficiency; PD, progression of disease; PR, partial release; SD, stable disease. 
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ay indicate the overexpression and loss of function of genes, contribut-

ng to increased genomic instability. 

The HRD score is based on genomic scarring to assess the function

f the HRR pathway. Compared with detecting mutations in a single

ene alone, it provides a more comprehensive evaluation of the func-

ion of the HRR pathway. To classify different HRD score patients into

RD and non-HRD, Richardson et al. 7 and Brown et al. 9 initially es-

ablished two HRD score thresholds of 42 and 33 in breast and ovarian

ancers based on the 5th and 1st percentile of the HRD score distribu-

ion of BRCA mutations in the training set 19-22 and validated in clin-

cal cohorts of neoadjuvant platinum-based chemotherapy. They first

stablished the threshold at the 5th percentile to achieve a sensitivity

f 95% in BRCA deficient patients. Afterwards, patients with a HRD

core of lower than the threshold were found to respond to platinum-

ased chemotherapy. Therefore, the 1st percentile was further explored.

everal subsequent studies further validated these two different thresh-

lds in PARPi treatment cohorts of breast and ovarian cancers. 8 , 10 , 11 
284
owever, ovarian cancer and breast cancer exhibited higher frequen-

ies of BRCA mutations and HRD compared to prostate cancer, re-

ulting in elevated overall HRD scores, and even the BRCA intact pa-

ients exhibited a higher median HRD score than HRRm patients in our

ohort (22 vs. 15). 23 Besides, the landscape of the biallelic mutation

ype in prostate cancer was different from ovarian and breast cancers.

or example, more LOHs were presented in ovarian and breast can-

ers and more deep deletions in prostate cancer, which may contribute

o higher HRD scores in ovarian and breast cancers. 23 Moreover, the

RD score may differ at different disease stages, indicating that the ge-

omic scarring was accumulated without a reversion and it was even

ot appropriate to use the same threshold at different disease stages

n one cancer type. 23 , 24 Consequently, the threshold values for HRD

cores in ovarian and breast cancers may not be applicable to prostate

ancer. 

A previous study 25 observed that intraductal carcinoma, a rare his-

ology of PCa, displayed a higher HRD score than adenocarcinoma and
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Fig. 3. Pie plot showing (A) clinical benefit rate, (B) ORR, and (C) PSA response rate in the clinical validation cohort stratified by HRD score, HRRm status, and 

the combination of HRD score and HRR status. HRD, homologous recombination deficiency; HRR, homologous recombination repair; M, mutant; ORR, objective 

response rate; PSA, prostate specific antigen; WT, wild-type. 
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 HRD score of ≥ 21 represented a worse prognosis. However, their co-

ort lacked PARP inhibitor-treated patients. Thus, it was not possible

o further determine the threshold value for HRD scores through clini-

al cohorts. Similar to this study, breast cancer had higher HRD scores

n triple-negative breast cancer than in ER + breast cancer, indicating

hat different pathological types may require different HRD thresholds

o predict the response to PARPi. 11 Another study found that the HRD

core was associated with the treatment response to PARPi by setting

he cutoff value at 25, the median value of eight BRCA2 mutant pa-

ients. 18 Nonetheless, in their study, they only investigated HRD scores

f patients with germline BRCA1/2 and CHEK2 and somatic ATM mu-

ations and the sample size was relatively smaller than ours. Besides, in

heir clinical cohort, even the patients with a HRD score < 25 achieved

 median PFS of 9.9 months, which was longer than the cohort A in the

rofound study (median 7.7 months) 2 , 18 and indicated a satisfactory
285
reatment response for BRCA2 mutant patients. Therefore, they failed

o conclude a definitive threshold of the HRD score due to the limited

amples of their cohort. 

Since current clinical guidelines recommend PARPi for HRRm pa-

ients, we intended to first establish the threshold by analyzing the HRD

core distribution of HRR deficient and HRR intact patients. Since the

RD score of HRRm other than BRCA was lower and a substantial pro-

ortion of patients with HRRm may not response to PARPi, we tried

o achieve a 95% specificity to ensure the clinical benefit of patients

nder the clinical trial setting. Therefore, our study firstly determined

he threshold of 43 for PCa and analyzed the power as a predictor of

he treatment response to PARPi in a small sample population. Conse-

uently, the threshold demonstrated satisfactory efficacy in predicting

adiologic and PSA response. We also found that some patients with

RCA or other HRRm but low HRD had poorer response in both PSA
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Fig. 4. Association of HRD score and HRR with survival of PARPi treatment. PFS of clinical validation cohort stratified by (A) HRR status, (B) HRD score, and (C) 

the combination of HRD score and HRR status. 
∗ ∗ , P < 0.001. 

CI, confidential interval; HR, hazard ratio; HRD, homologous recombination deficiency; HRR, homologous recombination repair; PFS, progression-free survival; Mut, 

mutant; WT, wild-type. 
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nd imaging studies and survival benefits to PARPi treatment compared

o patients with high HRD ( P = 0.007). This suggested that the threshold

e set had good specificity for predicting PARPi treatment response. To

um up, a HRD score with an appropriate threshold may broaden the

ndication of PARPi in future clinical practice, in addition to genetic

esting on HRRm. We anticipate that further large clinical trials will

onfirm the efficacy of this threshold. 

Despite these findings, there are some limitations in our study.

irstly, we did not assess the germline mutations due to the lack of

aired blood samples and methylation levels at the promoter region of

RCA1 , which has been reported to be associated with HRD in a previous

tudy. 24 Secondly, genomic mutation detection was based on genes re-

ated to the HRR pathway, so other gene mutations that may affect HRD

cores, such as MYC , 26-29 could not be evaluated. Additionally, our study

as lack of analysis on the association between HRD scores and progno-

is. Moreover, although preliminary results indicated that the threshold

e set had good specificity, the sample size in the clinical cohort was

imited and could not achieve the required number for statistical signif-

cance. Besides, the clinical analysis was based on the clinical data of a

ohort from the training set and lack of internal and external validation

or both efficacy and sensitivity in a large population. Therefore, fur-

her prospective clinical trials for internal and external validation are

eeded. 
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