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Background: Following success of the phase III PROfound trial, the poly (ADP-ribose) poly-
merase (PARP) inhibitor olaparib was approved by the US Food and Drug Administration 
in May 2020 for adult patients with deleterious homologous recombination repair (HRR) 
gene-mutated metastatic castration-resistant prostate cancer (mCRPC). As locally adopted 
multigene panel next-generation sequencing (NGS) assays for selecting PARP inhibitor 
candidates have not been thoroughly evaluated, we compared the analytical performance 
of the FoundationOne CDx (Foundation Medicine, Inc., Cambridge, MA, USA) (central 
laboratory) and other NGS assays (local laboratory) with samples from the PROfound trial 
in Korea.

Methods: One hundred PROfound samples (60 HRR mutation [HRRm] cases and 40 
non-HRRm cases) were analyzed. The results of HRR gene mutation analysis were com-
pared between the FoundationOne CDx and two other NGS assays [SureSelect Custom 
Design assay (Agilent Technologies, Inc., Santa Clara, CA, USA) and Oncomine Compre-
hensive assay (Thermo Fisher Scientific, Inc., Waltham, MA, USA)].

Results: The positive percent agreement for single nucleotide variants (SNVs) and inser-
tion/deletions (indels) between the central laboratory and local laboratory was 98.7%–
100.0%. The negative percent agreement and overall percent agreement (OPA) for SNVs 
and indels between central and local laboratories were both 100%. Compared with that of 
the FoundationOne CDx assay, the OPA for copy number variations of the Oncomine 
Comprehensive and SureSelect Custom assays reached 99.8%–100%. Most mCRPC pa-
tients harboring a deleterious genetic variant were successfully identified with both local 
laboratory assays.

Conclusions: The NGS approach at a local laboratory showed comparable analytical per-
formance for identifying HRRm status to the FoundationOne CDx assay used at the cen-
tral laboratory.
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INTRODUCTION

Novel therapies targeting androgen receptor (AR) signaling are 

needed for metastatic castration-resistant prostate cancer (mCRPC). 

Poly (ADP-ribose) polymerase (PARP) inhibitors belong to a class 

of targeted agents under development for the treatment of ho-

mologous recombination repair (HRR)-deficient tumors [1]. PARP 

inhibitors block DNA damage repair by trapping PARP bound to 

DNA single-strand breaks, leading to replication fork stalling, caus-

ing collapse and generation of DNA double-strand breaks, ulti-

mately resulting in cancer cell death [2]. The clinical efficacy 

and safety of a PARP inhibitor compared with those of an AR 

signaling inhibitor are being tested in patients with HRR-deficient 

mCRPC in a pre-chemotherapy setting in the ongoing phase III 

PROfound trial (NCT02975934) [3].

  Somatic and/or germline assays for HRR gene mutations are 

performed with multigene panels to select patients with prostate 

cancer who are candidates for PARP inhibitor treatment. The 

incidence of pathogenic somatic and germline mutations in HRR 

genes differs between localized and metastatic prostate cancer 

[4]. Pritchard, et al. [5] identified germline mutations in 11.8% 

of DNA damage repair (DDR) genes among 692 patients with 

metastatic prostate cancer. This incidence was significantly higher 

than that among men with localized prostate cancer (4.6%) [6]. 

The second “hit” somatic aberration within the tumor genome 

was identified in 59% of patients with metastatic prostate can-

cer harboring germline DDR gene mutations. DNA repair path-

way mutations are commonly detected in metastatic prostate 

cancer, with the prevalence of deleterious mutations in HRR 

genes reaching 28% [7, 8].

  In May 2020, based on positive data from the phase III PRO-

found trial, olaparib was approved by the US Food and Drug 

Administration (FDA) for adult patients with deleterious or sus-

pected deleterious germline or somatic HRR gene-mutated 

mCRPC who have progressive disease following prior treatment 

with enzalutamide or abiraterone. For the selection of patients 

with mCRPC carrying HRR genetic variants, the FDA also ap-

proved the FoundationOne CDx (Foundation Medicine, Inc., Cam-

bridge, MA, USA) next-generation sequencing (NGS) panel, con-

taining a prespecified set of 14 genes involved in the HRR path-

way, which was used in the PROfound trial. In Korea, olaparib is 

also considered a potential treatment for HRR-deficient mCRPC. 

A validated NGS assay is needed to obtain reliable results to ap-

propriately select candidates for PARP inhibitor treatment.

  The multigene NGS panel for detecting HRR mutations has 

not been approved as a companion diagnostic tool in Korea. Vali-

dation of multigene NGS panels for the HRR pathway has not 

been performed in tissue materials of Korean patients with pros-

tate cancer. The aim of this study was to validate locally adopted 

NGS assays (local laboratory) using samples from the PROfound 

trial for which genetic variants of HRR genes were previously 

evaluated using the FDA-approved FoundationOne CDx NGS 

assay (central laboratory) as the best available method [3]. By 

demonstrating comparable analytical performance of the local 

laboratory NGS assays, other NGS assays could be considered as 

options for HRR gene mutation analysis in patients with mCRPC.

MATERIALS AND METHODS

Study design
For genomic profiling of HRR-related genes, NGS assays were 

performed with the SureSelect Custom Design panel (Agilent 

Technologies, Inc., Santa Clara, CA, USA) and Oncomine Com-

prehensive Assay Plus Panel (Thermo Fisher Scientific, Inc., Wal

tham, MA, USA) on samples from the PROfound phase III trial. 

The generated genomic profiles of 15 genes (ATM, BARD1, BRCA1, 
BRCA2, BRIP1, CDK12, CHEK1, CHEK2, FANCL, PALB2, PPP
2R2A, RAD51B, RAD51C, RAD51D, and RAD54L) were com-

pared with the genomic variant data of HRR genes discovered 

by the FoundationOne CDx assay in the PROfound trial (Fig. 1). 

This retrospective study, conducted from September 2020 to 

May 2021, was approved by the Institutional Review Board of 

Gangnam Severance Hospital, Seoul, Korea (3-2020-0326).

Clinical samples
A total of 100 samples from patients with mCRPC in the PRO-

found trial collected from January to December 2015 with pa-

tient consent were selected, including 60 HRR mutation (HRRm) 

cases, with deleterious variants on HRR pathway-related genes, 

and 40 non-HRRm cases with no such variants. The extracted 

genomic DNA of 100 PROfound formalin-fixed, paraffin-embed-

ded (FFPE) tissue samples was provided by AstraZeneca Bio-

bank, and shipped samples were stored at −80°C. The quality 

and concentration of DNA were assessed using a 2200 TapeS-

tation instrument (Agilent Technologies) with the Agilent Ge-

nomic DNA Screen System and using a Qubit 3.0 Fluorometer 

with the QubitdsDNA HS Assay Kit (Thermo Fisher Scientific), 

respectively.

NGS and bioinformatics analysis
For NGS, a library was prepared using the Oncomine Compre-

hensive Plus assay (Thermo Fisher Scientific) targeting 500 on-
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cogenes, including driver genes and tumor suppressor genes. 

This NGS assay is designed to detect single nucleotide variants 

(SNVs) and copy number variations (CNVs) in DNA and gene 

fusions in RNA. The libraries were prepared using nucleic acid 

input according to the Oncomine Comprehensive Plus user 

guide. The constructed library was used for templating and se-

quencing with the Ion 550 Kit on Ion Chef and the Ion S5 XL 

system (Thermo Fisher Scientific). Alignment to the hg19 hu-

man reference genome and variant calling were performed us-

ing Torrent Suite version 5.12.1 and Ion Reporter software ver-

sion 5.18. The Torrent Suite software provides coverage analysis 

data, and Ion Reporter provides a report of annotated variants 

using Oncomine Comprehensive Plus–w2.3–DNA–Single Sam-

ple Workflow. The threshold was set to a minor allele frequency 

(MAF) ≥1.5%.

  CNVs were analyzed on samples with a median absolute value 

of all pairwise differences (MAPD) of 0.5, which is a measure of 

read coverage noise detected across all amplicons in a sample. 

CNVs were called when the copy number ratio was <0.85 and 

P <10−5 representing copy number loss; these CNVs of HRR 

genes were visually reviewed with the copy number plot gener-

ated by Ion Reporter.

  The SureSelect Custom Design panel assay was designed for 

detecting SNVs and CNVs in DNA, targeting 15 genes related to 

the HRR pathway. Genomic DNA samples were fragmented us-

ing Agilent’s SureSelect Enzymatic Fragmentation Kit (Agilent 

Technologies, Inc.), and capture probes were hybridized to tar-

get regions using SureSelect XT HS2 Target Enrichment Kit (Ag-

ilent Technologies, Inc.). The final SureSelect XT HS2 target-en-

riched libraries were sequenced using an Illumina NextSeq 550Dx 

platform (Illumina, San Diego, CA, USA) with the 2×150-bp 

paired-end read module. Sequencing data from the NextSeq 

550Dx system were aligned to the hg19 human reference ge-

nome. The demultiplexed FASTQ data obtained using Illumina’s 

bcl2fastq software (https://support.illumina.com/downloads/bcl-

2fastq-conversion-software-v2-20.html) were further processed 

for alignment and annotation using a customized analysis pipe-

line. The threshold was MAF ≥1.5%.

  The FoundationOne CDx assay was performed at Foundation 

Medicine, Inc. sites located in Cambridge, MA and Morrisville, 

NC (USA). Using the Illumina HiSeq 4000 platform, hybrid cap-

ture-selected libraries were sequenced to a high uniform depth. 

Sequence data were processed using a customized analysis 

pipeline designed to detect all classes of genomic variants. The 

threshold was MAF ≥5% (SNVs: MAF ≥1% at hotspots, indels: 

≥3% at hotspots). The results of genomic variants in HRR genes 

were provided by the Precision Medicine and Biosamples team 

of AstraZeneca.

  Candidate variants for comparison between platforms were 

selected only when the variant allele frequency (VAF) at a given 

position was ≥5% (SNVs: MAF ≥1.5% at hotspots or HRR mu-

tation, indels: ≥3% at hotspots or HRR mutation). The allele 

Fig. 1. Study flow chart.
Abbreviations: FFPE, formalin-fixed, paraffin-embedded; HRR, homologous recombination repair; HRRm, homologous recombination repair mutation; 
mCRPC, metastatic castration-resistant prostate cancer; NGS, next-generation sequencing.

The results of genomic alterations in HRR genes 
provided from Precision Medicine & Biosamples  

team of AstraZeneca

Assess the agreement of HRR gene mutation test between 
the central laboratory and the local laboratory

Residual 100 
samples from the 

PROfound phase III 
trial provided from 

AstraZeneca 
Biobank

Samples from the PROfound phase III trial from mCRPC 
patients tested using FoundationOne CDx assay in the 

central laboratory

Extracted DNA 
from 60 HRRm 

FFPE
samples

NGS panel testing performed at 
local laboratory using

- �Sure Select Custom Design 
panel (Agilent Technologies, 
Inc.) 

- �Oncomine Comprehensive 
Assay Plus Panel (Thermo 
Fisher Scientific, Inc.)

Genomic profiling for 15 HRR 
genes (ATM, BARD1, BRCA1, 

BRCA2, BRIP1, CDK12, CHEK1, 
CHEK2, FANCL, PALB2, PPP2R2A, 
RAD51B, RAD51C, RAD51D, and 

RAD54L)

R�esults from the local laboratory 
were compared to pre-defined 

H�RRm status using 
FoundationOne CDx assayExtracted DNA 

from 40
non-HRRm 

FFPE samples



Kim Y, et al.
Comparison of HRR status using NGS assays

https://doi.org/10.3343/alm.2023.43.1.64 www.annlabmed.org    67

frequency (%) was calculated by dividing the mutant coverage 

depth by the total coverage depth. For comparing CNVs, sam-

ples were analyzed by the R package ExomeDepth, which has 

been used to identify CNVs for germline and tumor samples [9, 

10], available at the Comprehensive R Archive Network (CRAN) 

(https://cran.r-project.org/web/packages/ExomeDepth/index.html/). 

All deletions detected with a read.ratio of <0.8 were visually in-

spected using the ExomeDepth CNV plot tool.

Statistical analysis
High-quality variants reported from the central laboratory (Foun-

dation Medicine, Inc.) were defined as true-positive variant calls 

for evaluating analytical performance. The overlapping regions 

of interest among the FoundationOne CDx assay, SureSelect Cus-

tom Design panel, and Oncomine Comprehensive Assay Plus 

Panel for the above-mentioned 15 genes were used to define 

true-negative variant calls.

  Statistical analysis was performed using Microsoft Excel 2013 

with the add-in program Analyse-it v5.01 (Microsoft Corpora-

tion, Redmond, WA, USA) and MedCalc software (https://www.

medcalc.org/). Overall percent agreement (OPA), negative per-

cent agreement (NPA), and positive percent agreement (PPA) 

were calculated as described in the CLSI guidelines EP12-A2 

[11]. Results of all statistical analyses are presented using the 

95% confidence interval (CI) and a two-sided P-value; P <0.05 

was considered statistically significant.

RESULTS

Quality and concentration of DNA
The DNA concentrations of samples are presented in Supple-

mental Data Fig. S1. The median DNA concentration measured 

using the Qubit 3.0 Fluorometer and a 2200 TapeStation Instru-

ment were 4.4 ng/µL and 3.8 ng/µL, respectively, representing a 

significant difference (t-test, P <0.001). We determined the DNA 

inputs for an NGS assay based on the DNA concentration from 

the Qubit 3.0 Fluorometer according to the manufacturer’s in-

structions. Among the 100 PROfound samples, we used 97 sam-

ples for the Oncomine Comprehensive assay, and three samples 

with low DNA concentration (5 ng,<0.9 ng/µL) were excluded. 

We performed the SureSelect Custom assay using 95 samples 

(total DNA, >8 ng) (Fig. 2).

Fig. 2. Summary of quality metrics in 100 PROfound samples.
Abbreviations: HRRm, homologous recombination repair mutation.
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  The average depth of on-target regions (> 500×) and on-tar-

get coverage (%) were used to assess the quality of sequencing 

for the Oncomine Comprehensive assay. Among the 97 PRO-

found samples, 86 (88.7%) satisfied the predefined sequencing 

QC metrics (Fig. 2) of the Ion S5 XL system. The average on-

target reads and uniformity were 93.7% and 94.8%, respec-

tively, in the Ion S5 XL system. The mapped reads and mean 

depth were 37,158,419 and 2,800×, respectively. The average 

on-target coverage at 100× and target bases with no strand 

bias reached 98.6% and 96.6%, respectively. In the SureSelect 

Custom assay, the average depth of on-target regions (>200×) 

and on-target coverage at 100× (%) were used to determine 

the quality of sequencing. Among 95 PROfound samples, 90 

(94.7%) satisfied the predefined sequencing QC metrics (Fig. 2). 

The mapped reads and mean depth were 2,050,309 and 594×, 

respectively. The average on-target coverage at 100× reached 

99.0%.

Comparison of the Oncomine Comprehensive and SureSelect 
Custom assays with the FoundationOne CDx assay
Three of the 100 samples with insufficient input DNA (<5 ng, 

0.9 ng/µL) for the NGS assay and 11 of the remaining 97 sam-

ples that did not satisfy sequencing quality metrics were excluded 

from the performance evaluation of the Oncomine Comprehen-

sive assay (Fig. 2). Finally, 86 PROfound samples (50 HRRm, 

36 non-HRRm) were used for comparison of HRR mutation 

status between the FoundationOne CDx and Oncomine Com-

prehensive assays. The PPA, NPA, and OPA for SNVs and in-

dels were 98.7%, 100%, and 100%, respectively (Table 1).

  Among the 100 PROfound samples, 10 with insufficient input 

DNA and unsatisfactory sequencing quality metrics were ex-

cluded, and the 90 remaining PROfound samples (51 HRRm, 

39 non-HRRm) were used for comparison of HRR mutation 

status between the FoundationOne CDx and SureSelect Custom 

assays (Fig. 2). The PPA, NPA, and OPA for SNVs and indels 

were all 100% between these two NGS assays (Table 2).

  Compared with the FoundationOne CDx assay, both the Ion 

S5 XL system with the Oncomine Comprehensive assay and the 

Illumina NextSeq 550Dx platform with the SureSelect Custom 

assay successfully identified all SNVs and small indels, except 

for three variants (Supplemental Data Tables S1 and S2). Only 

one variant (ATM, c.5188C>T, VAF 2.3% in the FoundationOne 

CDx assay) was not called in the Oncomine Comprehensive as-

say. This variant was successfully detected with a 1.9% VAF in 

the SureSelect Custom assay (Supplemental Data Tables S1 

and S2).

  A synonymous variant with a VAF of 24.2%–25.1% [ATM, 

c.2250G>A, p.(Lys750=)] at the splicing junction was success-

fully called using both the Oncomine Comprehensive and Sure-

Select Custom assays. Despite being pathogenic, this synony-

mous variant had been rejected in the central laboratory with 

the FoundationOne CDx assay according to a customized analy-

sis pipeline (Fig. 3, Table 1).

  The PPA, NPA, and OPA for CNVs were 60.0%, 100%, and 

99.8%, respectively, between the FoundationOne CDx and On-

comine Comprehensive assays in 84 PROfound samples (Sup-

plemental Data Table S3). Among the five deletions (CDK12 

loss, FFPE_33; ATM loss, FFPE_34; BRCA2 loss, FFPE_40; 

PPP2R2A loss, FFPE_73; RAD51B loss, FFPE_82), three dele-

tions (CDK12 loss, FFPE_33; ATM loss, FFPE_34; PPP2R2A 
loss, FFPE_73) were also called using the Oncomine Compre-

hensive assay with ExomeDepth analysis.

Table 1. Analytical performance comparison between the FoundationOne CDx and Oncomine Comprehensive assays

FoundationOne CDx assay PPA (%)
(95% CI)

NPA (%)
(95% CI)

OPA (%)
(95% CI)Positive Negative

Oncomine Comprehensive Assay Positive 77 2 98.7 (93.1–99.8) 100 (100–100) 100 (100–100)

Negative   1 4,316,260

Abbreviations: OPA, overall percent agreement; NPA, negative percent agreement; PPA, positive percent agreement; CI, confidence interval.

Table 2. Analytical performance comparison between the FoundationOne CDx and SureSelect Custom assays

FoundationOne CDx assay PPA (%)
(95% CI)

NPA (%)
(95% CI)

OPA (%)
(95% CI)Positive Negative

SureSelect Custom assay Positive 85 1 100.0 (95.7–100.0) 100 (100–100) 100 (100–100)

Negative   0 4,517,015

Abbreviations: OPA, overall percent agreement; NPA, negative percent agreement; PPA, positive percent agreement; CI, confidence interval.
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  The PPA, NPA, and OPA for CNVs were all 100% between 

the FoundationOne CDx and SureSelect Custom assays with 

ExomeDepth analysis (Supplemental Data Table S3). The Sure-

Select assay successfully detected three CNVs (ATM loss, FFPE_34; 

BRCA2 loss, FFPE_40; PPP2R2A loss, FFPE_73) that were de-

tected in the central laboratory from 90 PROfound samples.

Comparison of HRR mutation status in mCRPC patients
We evaluated the clinical performance of NGS assays for deter-

mining mCRPC patients with deleterious variants on HRR-re-

lated genes to assess their candidature for olaparib therapy. Com-

pared with the FoundationOne CDx assay, both the Oncomine 

Comprehensive and SureSelect Custom assays successfully iden-

tified mCRPC patients harboring deleterious SNVs and small in-

dels. Two CNVs (BRCA2 loss, FFPE_40; RAD51B loss, FFPE_82) 

could not be detected by the Oncomine Comprehensive assay 

with ExomeDepth. The Oncomine Comprehensive and SureSe-

lect Custom assays showed an OPA of 95.8% and 100%, re-

spectively, for HRR mutation status, compared with the Foun-

dationOne CDx assay (Table 3). Among the HRRm samples, 

two did not contain a qualifying HRR genomic variant other than 

RAD54L rearrangement or RAD51B rearrangement, which are 

Table 3. Clinical performances of the Oncomine Comprehensive and SureSelect Custom (local laboratory) assays relative to the Foundatio-
nOne CDx (central laboratory) assay

Case
FoundationOne CDx assay PPA (%)

(95% CI)
NPA (%)
(95% CI)

OPA (%)
(95% CI)HRRm Non-HRRm

Oncomine Comprehensive Assay HRRm* 46   0 95.8 (86.0–100.0) 100 (90.4–100.0) 97.6 (91.7–99.3)

non-HRRm   2 36

SureSelect Custom assay HRRm* 49   0 100.0 (92.7–100.0) 100.0 (91.0–100.0) 100.0 (95.8–100.0)

non-HRRm   0 39

*Among HRRm PRPfound samples, two samples with the RAD54L rearrangement or RAD51B rearrangement were excluded because these rearrangements 
were out of the analytical range of both assays.
Abbreviations: HRRm, homologous recombination repair mutation; OPA, overall percent agreement; NPA, negative percent agreement; PPA, positive percent 
agreement; CI, confidence interval.

Fig. 3. A false-negative pathogenic variant in the central laboratory with the FoundationOne CDx assay. The pathogenic variant c.2250G>A, 
p.(Lys750=) at the splicing junction in ATM had been rejected in the central laboratory with the FoundationOne CDx assay. However, both 
the Oncomine Comprehensive assay (A) and SureSelect Custom assay (B) in the local laboratory successfully detected the variant.

A BOncomine Comprehensive assay: Variant allele frequency: 25.1% SureSelect Custom assay: Variant allele frequency: 24.2%
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out of the analytical range of both the Oncomine Comprehen-

sive and SureSelect Custom assays and are not included in Ta-

ble 3.

DISCUSSION

NGS is a promising tool for identifying HRR mutations in patients 

with mCRPC. The Illumina NGS system and Thermo Fisher Sci-

entific’s Ion Torrent sequencing platforms, as mainstream NGS 

platforms, are widely used for genetic testing [12]. Illumina’s 

NextSeq/MiSeq platform and Thermo Fisher Scientific’s Ion S5 

XL system are the main NGS equipment currently used in Ko-

rean clinical laboratories [13]. For library preparation, amplifica-

tion-based and hybrid capture-based methods are primarily 

conducted on Illumina and Thermo Fisher Scientific sequenc-

ing platforms, respectively. Therefore, we designate the Onco-

mine Comprehensive assay and SureSelect Custom assay as an 

amplification-based library preparation NGS kit and hybridiza-

tion capture-based NGS kit, respectively.

  In agreement analysis, the PPA values for SNVs and indels 

between the central laboratory (FoundationOne CDx assay) and 

local laboratory (Oncomine Comprehensive assay and SureSe-

lect Custom assay) were 98.7%–100.0%. The NPA and OPA for 

SNVs and indels between central and local laboratories were all 

100%. Compared with that of the FoundationOne CDx assay, 

the OPA for CNVs of the local laboratory assays reached 99.8–

100%. Both the Oncomine Comprehensive and SureSelect Cus-

tom assays successfully identified most of the mCRPC patients 

harboring deleterious genetic variants. The NGS approach at a 

local laboratory shows comparable analytical performance for 

defining HRR mutation status compared with the Foundation-

One CDx assay approach at the central laboratory.

  One variant reported by the FoundationOne CDx assay (ATM, 

c.5188C>T, FFPE_23, VAF 2.3%) was rejected in the Onco-

mine Comprehensive assay, whereas a known pathogenic vari-

ant [ATM, c.2250G>A, p.(Lys750=)] was successfully called in 

the Oncomine Comprehensive and SureSelect Custom assays 

with a VAF of 24.2%–25.1% but was not detected in the Foun-

dationOne CDx assay. This difference is due to the bioinformat-

ics pipeline’s variant calling strategy that filters out synonymous 

variants. Since pathogenic HRR mutations were not detected by 

all NGS assays, it is necessary to assess the possibility of false-

negative or false-positive results depending on the analytical 

performance of the NGS platform and the final variant calling 

strategy.
  Ion Reporter software showed that the PPA values for CNVs of 

the Oncomine Comprehensive assay reached 100% (95% CI: 

56.6%–100%). All five deletions (CDK12 loss, FFPE_33; ATM 

loss, FFPE_34; BRCA2 loss, FFPE_40; PPP2R2A loss, FFPE_73; 

RAD51B loss, FFPE_82) detected in the central laboratory from 

84 PROfound samples were also called using the Oncomine 

Comprehensive assay. However, false-positive CNV calls were 

frequently observed, and the NPA and OPA for CNVs were 92.5% 

(95% CI: 90.9%–93.8%) and 92.5% (95% CI: 91.0%–93.9%), 

respectively, between the FoundationOne CDx assay and Onco-

mine Comprehensive assay. The hybrid capture-based method 

is known to be superior to the commonly applied amplification-

based methods for CNV analysis [14]. Considering the inherent 

limitations of the Oncomine Comprehensive assay, which is an 

amplification-based method, an Ion Reporter Oncomine work-

flow that automatically evaluates CNV calls will produce a rela-

tively high number of false-positive results. We used ExomeDepth 

as an alternative method for CNV calling and comparison be-

tween platforms [9]. The PPA, NPA, and OPA for CNVs were all 

100% between the FoundationOne CDx assay and SureSelect 

Custom assay, and were 60.0%, 100%, and 99.8%, respec-

tively, between the FoundationOne CDx assay and Oncomine 

Comprehensive assay.

  There are some limitations to this study. First, the proper DNA 

extraction of FFPE tissue samples is crucial for somatic NGS 

panel testing. We used extracted DNA samples provided by As-

traZeneca Biobank. When evaluating the quality and concentra-

tion of DNA, some of the DNA samples did not pass the QC thres

hold of the input DNA sample. We considered that this was due 

to the lack of FFPE samples (e.g., metastatic biopsy) remaining 

after being subjected to NGS at Foundation Medicine, Inc. Al-

though most pathogenic variants were successfully called and 

VAFs for all the pathogenic variants were highly consistent be-

tween the central and local laboratories, we could not exclude 

the bias of results due to the use of DNA from the same tissue 

blocks extracted at different times.

  Second, the multigene panel NGS assay for detecting HRR 

mutations has not been approved as a companion diagnostic 

tool in Korea. We demonstrated good agreement between the 

FDA-approved FoundationOne CDx and locally performed NGS 

assays in Korea using 100 PROfound samples, but we could 

not experimentally define thresholds at which to call SNVs/in-

dels and CNVs with confidence to identify patients who may 

benefit from treatment with the HRR-deficiency targeted thera-

pies on each NGS platform. When a laboratory adopts multigene 

panel NGS assays for the HRR pathway, additional systematic 

validation involving wet- and dry-bench methods should be per-
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formed to determine the most appropriate cut-off values of SNVs, 

indels, and CNVs. Among the PROfound samples, the number 

of CNVs was too low to evaluate the analytical performance of 

detecting CNVs. Before adopting the pipeline for CNV analysis 

at clinical laboratories, it should be further evaluated using high-

quality true-positive CNV datasets and adjusted by reviewing the 

false-negative and false-positive results.

  There is a pressing need for comparative analytical perfor-

mance data between the FDA-approved FoundationOne CDx 

NGS assay (central laboratory) and NGS assays of other manu-

facturers (local laboratory); to the best of our knowledge, studies 

comparing their diagnostic performances are lacking. We per-

formed the validation of locally adopted NGS assays using sam-

ples from the PROfound trial. The HRRm cases (N=60) included 

the most clinically relevant HRR genes, such as BRCA1, BRCA2, 
ATM, PALB2, CHEK2, and other DNA repair genes that are known 

to be altered in mCRPC [4, 15]. The homologous recombination 

DDR deficiency found in these HRRm cases has been observed 

with a frequency >10% in several other cancers, including en-

dometrial, biliary tract, bladder, gastroesophageal, ovarian, breast, 

and pancreatic cancers [16]. These data should be useful for 

evaluating HRR mutations in various carcinomas in the future.

ACKNOWLEDGEMENTS

None.

AUTHOR CONTRIBUTIONS

Kim Y and Lee KA designed the study. Kim Y, Kim B, Oh SC, 

and Park I analyzed the data and contributed to manuscript 

writing. Kim Y and Lee KA conducted writing–review and editing 

of the manuscript. All authors read and approved the final man-

uscript.

CONFLICTS OF INTEREST

No potential conflicts of interest relevant to this article were re-

ported.

ORCID

Yoonjung Kim	 https://orcid.org/0000-0002-4370-4265

Inho Park	 https://orcid.org/0000-0003-2250-6507

Boyeon Kim	 https://orcid.org/0000-0003-1867-8648

Yu Jeong Choi	 https://orcid.org/0000-0002-5151-6926

Seoung Chul Oh	 https://orcid.org/0000-0001-8211-5466

Kyung-A Lee	 https://orcid.org/0000-0001-5320-6705

RESEARCH FUNDING

This study was supported by AstraZeneca (ESR-20-20766).

REFERENCES

1.	 Adashek JJ, Jain RK, Zhang J. Clinical development of PARP inhibitors 
in treating metastatic castration-resistant prostate cancer. Cells 2019;8: 
860.

2.	 Murai J, Huang SY, Das BB, Renaud A, Zhang Y, Doroshow JH, et al. 
Trapping of PARP1 and PARP2 by clinical PARP inhibitors. Cancer Res 
2012;72:5588-99.

3.	 Ryan CJ, Abida W, Bryce AH, Balar AV, Dumbadze I, Given RW, et al. 
TRITON3: an international, randomized, open-label, phase III study of 
the PARP inhibitor rucaparib vs. physician’s choice of therapy for pa-
tients with metastatic castration-resistant prostate cancer (mCRPC) as-
sociated with homologous recombination deficiency (HRD). J Clin On-
col 2018;36:TPS389.

4.	 Sigorski D, Iżycka-Świeszewska E, Bodnar L. Poly(ADP-ribose) poly-
merase inhibitors in prostate cancer: molecular mechanisms, and pre-
clinical and clinical data. Target Oncol 2020;15:709-22.

5.	 Pritchard CC, Mateo J, Walsh MF, De Sarkar N, Abida W, Beltran H, et 
al. Inherited DNA-repair gene mutations in men with metastatic pros-
tate cancer. N Engl J Med 2016;375:443-53.

6. Cancer Genome Atlas Research Network. The molecular taxonomy of 
primary prostate cancer. Cell 2015;163:1011-25.

7.	 de Bono J, Mateo J, Fizazi K, Saad F, Shore N, Sandhu S, et al. Olapar-
ib for metastatic castration-resistant prostate cancer. N Engl J Med 2020; 
382:2091-102.

8.	 Garje R, Vaddepally RK, Zakharia Y. PARP inhibitors in prostate and 
urothelial cancers. Front Oncol 2020;10:114.

9.	 Plagnol V, Curtis J, Epstein M, Mok KY, Stebbings E, Grigoriadou S, et al. 
A robust model for read count data in exome sequencing experiments 
and implications for copy number variant calling. Bioinformatics 2012; 
28:2747-54.

10.	 Tatsi C, Pankratz N, Lane J, Faucz FR, Hernández-Ramírez LC, Keil M, 
et al. Large genomic aberrations in corticotropinomas are associated 
with greater aggressiveness. J Clin Endocrinol Metab 2019;104:1792-
801.

11.	 CLSI. User protocol for evaluation of qualitative test performance. 2nd 
ed. CLSI EP12-A2. Wayne, PA: Clinical and Laboratory Standards Insti-
tute, 2008.

12.	 Khodakov D, Wang C, Zhang DY. Diagnostics based on nucleic acid se-
quence variant profiling: PCR, hybridization, and NGS approaches. Adv 
Drug Deliv Rev 2016;105:3-19.

13.	 Seong MW, Kim M, Shin HS, Cho SI, Park SS. Three-year experience of 
an external proficiency testing survey for next-generation sequencing-
based testing for germline mutation. Lab Med Qual Assur 2020;42:48-
53.

14.	 Zakrzewski F, Gieldon L, Rump A, Seifert M, Grützmann K, Krüger A, et 
al. Targeted capture-based NGS is superior to multiplex PCR-based NGS 
for hereditary BRCA1 and BRCA2 gene analysis in FFPE tumor sam-
ples. BMC Cancer 2019;19:396.

15.	 Castro E, Mateo J, Olmos D, de Bono JS. Targeting DNA repair: the role 



Kim Y, et al.
Comparison of HRR status using NGS assays

72    www.annlabmed.org https://doi.org/10.3343/alm.2023.43.1.64

of PARP inhibition in the treatment of castration-resistant prostate can-
cer. Cancer J 2016;22:353-6.

16.	 Heeke AL, Pishvaian MJ, Lynce F, Xiu J, Brody JR, Chen WJ, et al. Prev-

alence of homologous recombination-related gene mutations across 
multiple cancer types. JCO Precis Oncol 2018;2018:PO.17.00286.



Kim Y, et al.
Comparison of HRR status using NGS assays

https://doi.org/10.3343/alm.2023.43.1.64 www.annlabmed.org

Su
pp

le
m

en
ta

l D
at

a 
Ta

bl
e 

S1
. V

A
F 

(%
) 

an
d 

co
ve

ra
ge

 d
ep

th
 o

f H
R

R
 g

en
om

ic
 v

ar
ia

nt
s 

id
en

tif
ie

d 
w

ith
 th

e 
Fo

un
da

tio
nO

ne
 C

D
x 

an
d 

O
nc

om
in

e 
C

om
pr

eh
en

si
ve

 a
ss

ay
s

Sa
m

pl
e N

o.
Va

ria
nt

_
Cl

as
s

Va
ria

nt
_E

ffe
ct

Ge
ne

Tra
ns

cr
ip

t
HG

VS
c

HG
VS

p
Al

lel
ic 

fre
qu

en
cy

 (%
)

Co
ve

ra
ge

 d
ep

th
HR

Rm
 st

at
us

Fo
un

da
tio

nO
ne

 
CD

x
On

co
m

in
e 

Co
m

pr
eh

en
siv

e 
Fo

un
da

tio
nO

ne
 

CD
x

On
co

m
in

e 
Co

m
pr

eh
en

siv
e 

Fo
un

da
tio

nO
ne

 
CD

x
On

co
m

in
e 

Co
m

pr
eh

en
siv

e 

FF
PE

_1
In

de
l

Fr
am

es
hi

ft
RA

D5
4L

NM
_0

01
14

25
48

.1
c.3

16
de

lC
p.

Ar
g1

06
Al

af
sT

er
21

45
.7

8
50

.2
6

1,
01

8
3,

89
8

Po
sit

ive
Po

sit
ive

FF
PE

_2
In

de
l

Fr
am

es
hi

ft
BR

CA
2

NM
_0

00
05

9.
3

c.5
35

1d
up

p.
As

n1
78

4L
ys

fs
*3

16
.8

9
17

.7
5

2,
36

2
1,

86
5

Po
sit

ive
Po

sit
ive

FF
PE

_4
SN

V
No

ns
en

se
BR

CA
2

NM
_0

00
05

9.
3

c.6
71

5G
>

T
p.

Gl
u2

23
9T

er
12

.1
9

10
.9

4
1,

07
5

2,
74

3
Po

sit
ive

Po
sit

ive

FF
PE

_4
SN

V
M

iss
en

se
BR

CA
2

NM
_0

00
05

9.
3

c.3
98

C
>

G
p.

Pr
o1

33
Ar

g
12

.0
3

12
.5

4
80

6
2,

28
1

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_7
In

de
l

Fr
am

es
hi

ft
CD

K1
2

NM
_0

16
50

7.
3

c.2
59

7_
25

98
in

sT
p.

Le
u8

66
Ph

ef
sT

er
4

7.
34

6.
02

1,
03

6
1,

14
7

Po
sit

ive
Po

sit
ive

FF
PE

_7
SN

V
M

iss
en

se
CD

K1
2

NM
_0

16
50

7.
3

c.2
21

9A
>

C
p.

Gl
n7

40
Pr

o
8.

59
6.

78
1,

09
4

95
8

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_9
SN

V
No

ns
en

se
BR

CA
2

NM
_0

00
05

9.
3

c.8
08

4C
>

G
p.

Se
r2

69
5T

er
90

.6
6

92
.7

79
2

1,
68

5
Po

sit
ive

Po
sit

ive

FF
PE

_9
SN

V
M

iss
en

se
BR

CA
1

NM
_0

07
29

4.
3

c.5
57

6C
>

G
p.

Pr
o1

85
9A

rg
66

.2
3

65
.2

1
1,

06
3

3,
99

8
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_1
1

SN
V

Sp
lic

in
g 

va
ria

nt
BR

CA
2

NM
_0

00
05

9.
3

c.8
95

3+
1G

>
T

p?
54

.5
8

51
.6

1
59

0
83

7
Po

sit
ive

Po
sit

ive

FF
PE

_1
2

In
de

l
Fr

am
es

hi
ft

AT
M

NM
_0

00
05

1.
3

c.1
90

3d
elC

p.
Hi

s6
35

Th
rfs

Te
r1

4
44

.3
9

63
.0

5
58

8
43

3
Po

sit
ive

Po
sit

ive

FF
PE

_1
6

SN
V

No
ns

en
se

BR
CA

1
NM

_0
07

29
4.

3
c.2

80
0C

>
T

p.
Gl

n9
34

Te
r

48
.6

4
49

.3
9

1,
03

2
2,

55
3

Po
sit

ive
Po

sit
ive

FF
PE

_1
6

SN
V

M
iss

en
se

PA
LB

2
NM

_0
24

67
5.

3
c.1

37
9A

>
G

p.
Gl

n4
60

Ar
g

48
.6

2
47

.4
3

1,
04

7
2,

33
8

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_1
7

In
de

l
Fr

am
es

hi
ft

CH
EK

2
NM

_0
07

19
4.

4
c.4

61
de

l
p.

As
n1

54
Th

rfs
*7

31
.5

24
.8

6
1,

23
3

1,
94

7
Po

sit
ive

Po
sit

ive

FF
PE

_1
7

SN
V

M
iss

en
se

AT
M

NM
_0

00
05

1.
3

c.3
79

7A
>

T
p.

As
p1

26
6V

al
30

.3
8

31
.5

3
1,

24
1

1,
99

8
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_1
8

SN
V

No
ns

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.5

63
5G

>
T

p.
Gl

u1
87

9T
er

63
.2

4
60

.0
6

38
9

63
1

Po
sit

ive
Po

sit
ive

FF
PE

_2
1

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.6

62
7_

66
34

de
lA

GA
AG

TT
T

p.
Ile

22
09

M
et

fs
Te

r1
3

54
.4

7
59

.5
1

99
5

1,
53

6
Po

sit
ive

Po
sit

ive

FF
PE

_2
2

SN
V

No
ns

en
se

AT
M

NM
_0

00
05

1.
3

c.5
69

2C
>

T
p.

Ar
g1

89
8T

er
89

.7
4

91
.3

6
34

1
57

9
Po

sit
ive

Po
sit

ive

FF
PE

_2
3

SN
V

No
ns

en
se

AT
M

NM
_0

00
05

1.
3

c.
51

88
C

>
T

p.
Ar

g1
73

0T
er

2.
34

0.
92

72
8

1,
30

1
Po

sit
ive

Ne
ga

tiv
e

FF
PE

_2
3

SN
V

Sy
no

ny
m

ou
s

AT
M

NM
_0

00
05

1.
3

c.
22

50
G

>
A

p.
Ly

s7
50

=
(-)

25
.0

7
(-)

73
0

Ne
ga

tiv
e

Po
sit

ive

FF
PE

_2
4

SN
V

M
iss

en
se

RA
D5

1C
NM

_0
58

21
6.

2
c.4

06
A>

T
p.

M
et

13
6L

eu
48

.7
5

47
.1

1,
08

1
2,

11
9

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_2
6

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

57
6_

55
79

de
lTT

AA
p.

Ile
18

59
Ly

sf
sT

er
3

46
.4

3
52

.7
99

5
18

50
Po

sit
ive

Po
sit

ive

FF
PE

_2
8

SN
V

Sp
lic

in
g 

va
ria

nt
AT

M
NM

_0
00

05
1.

3
c.4

43
6+

1G
>

T
p?

7.
92

5.
59

34
1

1,
52

0
Po

sit
ive

Po
sit

ive

FF
PE

_3
4

SN
V

M
iss

en
se

CH
EK

2
NM

_0
07

19
4.

4
c.4

10
G

>
A

p.
Ar

g1
37

Gl
n

48
.3

3
52

.3
2

98
9

1,
89

8
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_3
5

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.7

05
2C

>
G

p.
Al

a2
35

1G
ly

50
.4

9
53

.2
3

1,
44

0
97

5
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_3
6

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.7

05
2C

>
G

p.
Al

a2
35

1G
ly

34
.2

8
35

.4
1,

33
6

87
0

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_3
6

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.5

78
5A

>
G

p.
Ile

19
29

Va
l

62
.3

3
66

.2
6

1,
46

8
82

7
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_3
7

SN
V

M
iss

en
se

PA
LB

2
NM

_0
24

67
5.

3
c.3

23
6C

>
T

p.
Al

a1
07

9V
al

45
.5

4
47

.1
4

1,
01

0
1,

62
5

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_3
8

SN
V

Sp
lic

in
g 

va
ria

nt
AT

M
NM

_0
00

05
1.

3
c.3

99
4-

1G
>

A
p?

26
.9

2
30

.4
9

50
9

59
7

Po
sit

ive
Po

sit
ive

FF
PE

_4
1

In
de

l
No

ns
en

se
CD

K1
2

NM
_0

16
50

7.
3

c.6
88

_7
01

de
lA

GC
TC

CA
AA

CA
AG

A
p.

Se
r2

30
Te

r
26

.6
3

29
.1

3
1,

39
7

3,
92

7
Po

sit
ive

Po
sit

ive

FF
PE

_4
1

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.7

11
de

lC
p.

Se
r2

38
Ar

gf
sT

er
10

0
55

.7
8

54
.3

6
1,

23
7

3,
95

7
Po

sit
ive

Po
sit

ive

FF
PE

_4
4

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

46
de

lC
p.

Ph
e8

3S
er

fs
Te

r9
25

.7
2

29
.7

7
1,

14
3

70
2

Po
sit

ive
Po

sit
ive

FF
PE

_4
4

In
de

l
Sp

lic
in

g 
va

ria
nt

CD
K1

2
NM

_0
16

50
7.

3
c.2

83
6_

28
46

+4
de

lG
AA

CT
GA

TC
AG

GT
AC

p?
26

.1
42

.8
6

95
4

46
9

Po
sit

ive
Po

sit
ive

(C
on

tin
ue

d 
to

 th
e 

ne
xt

 p
ag

e)



Kim Y, et al.
Comparison of HRR status using NGS assays

www.annlabmed.org https://doi.org/10.3343/alm.2023.43.1.64

Sa
m

pl
e N

o.
Va

ria
nt

_
Cl

as
s

Va
ria

nt
_E

ffe
ct

Ge
ne

Tra
ns

cr
ip

t
HG

VS
c

HG
VS

p
Al

lel
ic 

fre
qu

en
cy

 (%
)

Co
ve

ra
ge

 d
ep

th
HR

Rm
 st

at
us

Fo
un

da
tio

nO
ne

 
CD

x
On

co
m

in
e 

Co
m

pr
eh

en
siv

e 
Fo

un
da

tio
nO

ne
 

CD
x

On
co

m
in

e 
Co

m
pr

eh
en

siv
e 

Fo
un

da
tio

nO
ne

 
CD

x
On

co
m

in
e 

Co
m

pr
eh

en
siv

e 

FF
PE

_4
5

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.1

27
8d

elA
p.

As
p4

27
Th

rfs
Te

r3
52

.5
2

49
77

5
40

2
Po

sit
ive

Po
sit

ive

FF
PE

_4
8

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

94
6d

elT
p.

Se
r1

98
2A

rg
fs

Te
r2

2
47

.6
1

48
.3

6
1,

15
1

3,
89

2
Po

sit
ive

Po
sit

ive

FF
PE

_4
9

SN
V

Sy
no

ny
m

ou
s

BR
CA

2
NM

_0
00

05
9.

3
c.9

11
7G

>
A

p.
Pr

o3
03

9=
59

.7
4

57
.8

77
5

1,
32

0
Po

sit
ive

Po
sit

ive

FF
PE

_5
1

In
de

l
No

ns
en

se
AT

M
NM

_0
00

05
1.

3
c.7

70
5_

77
06

de
lG

A
p.

As
p2

56
9T

er
46

.7
3

47
.7

3
1,

13
0

1,
98

0
Po

sit
ive

Po
sit

ive

FF
PE

_5
1

In
de

l
Fr

am
es

hi
ft

AT
M

NM
_0

00
05

1.
3

c.4
74

1d
up

A
p.

Ile
15

81
As

nf
sT

er
5

32
.4

6
31

.2
9

94
9

1,
92

7
Po

sit
ive

Po
sit

ive

FF
PE

_5
1

In
de

l
No

ns
en

se
AT

M
NM

_0
00

05
1.

3
c.7

70
5_

77
06

de
lG

A
p.

As
p2

56
9T

er
46

.7
3

47
.7

3
1,

13
0

1,
98

0
Po

sit
ive

Po
sit

ive

FF
PE

_5
5

In
de

l
Sp

lic
in

g
CD

K1
2

NM
_0

16
50

7.
3

c.2
34

2T
>

G
p.

Le
u7

81
Te

r
41

.1
3

41
.8

8
69

3
2,

82
7

Po
sit

ive
Po

sit
ive

FF
PE

_5
5

SN
V

Sp
lic

in
g 

va
ria

nt
CD

K1
2

NM
_0

16
50

7.
3

c.3
09

5+
1G

>
A

p?
47

.1
9

41
.4

2
60

6
2,

42
4

Po
sit

ive
Po

sit
ive

FF
PE

_5
9

In
de

l
Sp

lic
in

g 
va

ria
nt

CD
K1

2
NM

_0
16

50
7.

3
c.2

76
9-

6_
27

70
de

lTT
CT

AG
AT

p?
41

.3
6

49
.7

85
6

2,
80

3
Po

sit
ive

Po
sit

ive

FF
PE

_6
0

SN
V

Sp
lic

in
g 

va
ria

nt
CD

K1
2

NM
_0

16
50

7.
3

c.2
76

8+
1G

>
T

p?
21

.8
4

18
.7

9
1,

17
7

1,
58

1
Po

sit
ive

Po
sit

ive

FF
PE

_6
0

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.1

15
9d

elG
p.

Va
l3

87
Se

rfs
Te

r4
9

11
.9

3
10

.3
14

42
1,

45
7

Po
sit

ive
Po

sit
ive

FF
PE

_6
0

SN
V

M
iss

en
se

AT
M

NM
_0

00
05

1.
3

c.4
36

5T
>

A
p.

Se
r1

45
5A

rg
53

.9
6

50
.6

3
1,

02
3

2,
13

7
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_6
2

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.4

47
1_

44
74

de
lC

TG
A

p.
Le

u1
49

1L
ys

fs
Te

r1
2

44
.5

47
.8

7
1,

03
6

21
1

Po
sit

ive
Po

sit
ive

FF
PE

_6
2

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.9

49
1d

elA
p.

As
n3

16
4I

lef
sT

er
53

8.
52

9.
47

1,
19

7
67

6
Po

sit
ive

Po
sit

ive

FF
PE

_6
4

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.1

98
de

lT
p.

Ile
67

Se
rfs

Te
r2

5
6.

13
6.

02
1,

22
4

3,
98

5
Po

sit
ive

Po
sit

ive

FF
PE

_6
8

SN
V

No
ns

en
se

PP
P2

R2
A

NM
_0

00
05

9.
3

c.1
12

3C
>

T
p.

Ar
g3

75
Te

r
91

.9
3

95
.3

5
71

9
51

6
Po

sit
ive

Po
sit

ive

FF
PE

_7
1

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.8

00
de

lG
p.

Gl
y2

67
Gl

uf
sT

er
71

36
.9

7
38

.0
5

1,
91

8
3,

95
8

Po
sit

ive
Po

sit
ive

FF
PE

_7
1

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.3

03
_3

06
de

lA
TC

A
p.

Se
r1

02
Ile

fs
Te

r2
1

30
.0

9
33

.5
6

1,
64

5
2,

90
2

Po
sit

ive
Po

sit
ive

FF
PE

_7
1

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.8

35
6G

>
A

p.
Al

a2
78

6T
hr

50
.1

1
48

.5
8

90
2

4,
00

0
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_7
1

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.1

16
6C

>
T

p.
Pr

o3
89

Le
u

51
.1

46
.9

8
1,

18
4

4,
00

0
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_7
2

SN
V

Sp
lic

in
g 

va
ria

nt
AT

M
NM

_0
00

05
1.

3
c.6

57
2+

1G
>

A
p?

39
.7

1
38

.8
1

48
6

2,
46

3
Po

sit
ive

Po
sit

ive

FF
PE

_7
5

SN
V

Mi
ss

en
se

CH
EK
1

NM
_0

01
11

41
22

.2
c.

10
97

C
>

T
p.

Se
r3

66
Le

u
(-)

6.
62

(-)
27

2
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_7
5

SN
V

No
ns

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.5

64
5C

>
A

p.
Se

r1
88

2T
er

61
.6

6
61

.2
4

51
9

1,
50

4
Po

sit
ive

Po
sit

ive

FF
PE

_7
6

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

35
0_

53
51

de
lA

A
p.

As
n1

78
4H

isf
sT

er
2

51
.8

6
61

.1
2

1,
05

1
1,

97
0

Po
sit

ive
Po

sit
ive

FF
PE

_7
6

In
de

l
Fr

am
es

hi
ft

CH
EK

2
NM

_0
07

19
4.

4
c.5

91
de

l
p.

Va
l1

98
Ph

ef
s*

7
45

.1
1

45
.7

9
82

9
1,

75
5

Po
sit

ive
Po

sit
ive

FF
PE

_7
7

SN
V

No
ns

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.3

10
3G

>
T

p.
Gl

u1
03

5T
er

62
.8

4
65

.8
4

76
7

1,
80

6
Po

sit
ive

Po
sit

ive

FF
PE

_7
8

SN
V

No
ns

en
se

AT
M

NM
_0

00
05

1.
3

c.5
64

4C
>

T
p.

Ar
g1

88
2T

er
7.

2
2.

75
1,

09
7

1,
12

7
Po

sit
ive

Po
sit

ive

FF
PE

_7
8

SN
V

M
iss

en
se

BR
IP

1
NM

_0
32

04
3.

3
c.6

34
G

>
A

p.
Gl

y2
12

Se
r

47
.1

1
42

.5
5

91
7

2,
00

0
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_7
9

SN
V

M
iss

en
se

BA
RD

1
NM

_0
00

46
5.

4
c.2

30
6C

>
T

p.
Se

r7
69

Ph
e

51
.0

8
47

.4
7

92
6

3,
30

3
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_8
0

In
de

l
Fr

am
es

hi
ft

CH
EK

2
NM

_0
07

19
4.

4
c.1

10
0d

el
p.

Th
r3

67
M

et
fs

*1
5

56
.0

3
66

.7
7

37
3

1,
33

6
Po

sit
ive

Po
sit

ive

FF
PE

_8
0

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.4

31
5G

>
A

p.
Al

a1
43

9T
hr

49
.4

8
44

.6
1

96
6

95
5

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_8
3

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

69
8d

elT
p.

Trp
90

0G
lyf

sT
er

9
10

.9
11

.7
1

95
4

1,
49

5
Po

sit
ive

Po
sit

ive

Su
pp

le
m

en
ta

l D
at

a 
Ta

bl
e 

S1
. C

on
tin

ue
d

(C
on

tin
ue

d 
to

 th
e 

ne
xt

 p
ag

e)



Kim Y, et al.
Comparison of HRR status using NGS assays

https://doi.org/10.3343/alm.2023.43.1.64 www.annlabmed.org

Sa
m

pl
e N

o.
Va

ria
nt

_
Cl

as
s

Va
ria

nt
_E

ffe
ct

Ge
ne

Tra
ns

cr
ip

t
HG

VS
c

HG
VS

p
Al

lel
ic 

fre
qu

en
cy

 (%
)

Co
ve

ra
ge

 d
ep

th
HR

Rm
 st

at
us

Fo
un

da
tio

nO
ne

 
CD

x
On

co
m

in
e 

Co
m

pr
eh

en
siv

e 
Fo

un
da

tio
nO

ne
 

CD
x

On
co

m
in

e 
Co

m
pr

eh
en

siv
e 

Fo
un

da
tio

nO
ne

 
CD

x
On

co
m

in
e 

Co
m

pr
eh

en
siv

e 

FF
PE

_8
4

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.9

67
2_

96
73

in
sA

p.
Ty

r3
22

5I
lef

sT
er

30
54

.8
7

64
.2

1
92

4
1,

46
7

Po
sit

ive
Po

sit
ive

FF
PE

_8
5

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

15
de

lA
p.

Gl
u7

2G
lyf

sT
er

20
25

.5
2

23
.3

7
90

5
1,

89
6

Po
sit

ive
Po

sit
ive

FF
PE

_8
5

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

62
2d

elA
p.

Ly
s8

74
As

nf
sT

er
2

12
.2

9
9.

15
91

1
85

2
Po

sit
ive

Po
sit

ive

FF
PE

_8
7

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.9

64
A>

C
p.

Ly
s3

22
Gl

n
49

.8
4

74
.4

7
64

2
85

4
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_8
8

In
de

l
Fr

am
es

hi
ft

BA
RD

1
NM

_0
00

46
5.

4
c.5

13
de

l
p.

As
p1

72
M

et
fs

*4
0

18
.7

7
20

.6
1

1,
18

8
1,

91
7

Po
sit

ive
Po

sit
ive

FF
PE

_8
8

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

35
1d

el
p.

As
n1

78
4T

hr
fs

*7
12

.4
6

15
.3

1
2,

79
4

1,
97

2
Po

sit
ive

Po
sit

ive

FF
PE

_8
9

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.2

90
8G

>
A

p.
As

p9
70

As
n

49
.4

9
48

1,
08

7
2,

00
0

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_9
2

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.4

53
8_

45
66

de
l

p.
As

p1
51

3G
lyf

s*
6

73
.5

2
65

.8
 (5

.7
5)

50
6

26
0 

(8
7)

Po
sit

ive
Po

sit
ive

FF
PE

_9
3

In
de

l
Fr

am
es

hi
ft

CH
EK

2
NM

_0
07

19
4.

4
c.1

10
0d

el
p.

Th
r3

67
M

et
fs

*1
5

51
.6

49
.7

8
52

8
67

9
Po

sit
ive

Po
sit

ive

FF
PE

_9
4

SN
V

M
iss

en
se

CD
K1

2
NM

_0
16

50
7.

3
c.2

84
3T

>
C

p.
Ile

94
8T

hr
68

.6
74

.5
7

55
1

1,
72

6
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_9
6

SN
V

Sp
lic

in
g 

va
ria

nt
AT

M
NM

_0
00

05
1.

3
c.2

92
1+

1G
>

T
p?

56
.4

9
56

.6
8

1,
05

5
3,

94
4

Po
sit

ive
Po

sit
ive

FF
PE

_9
7

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.6

32
5G

>
A

p.
Va

l2
10

9I
le

64
.1

69
84

4
47

1
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_9
9

SN
V

No
ns

en
se

CD
K1

2
NM

_0
16

50
7.

3
c.2

68
A>

T
p.

Ly
s9

0T
er

5.
73

6.
02

89
0

1,
99

3
Po

sit
ive

Po
sit

ive

FF
PE

_9
9

SN
V

Sp
lic

in
g 

va
ria

nt
CD

K1
2

NM
_0

16
50

7.
3

c.3
09

5+
1G

>
T

p?
5.

59
1.

95
93

0
4,

53
2

Po
sit

ive
Po

sit
ive

FF
PE

_9
9

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.6

85
3A

>
G

p.
Ile

22
85

Va
l

48
.0

1
48

.1
5

75
2

1,
81

3
Ne

ga
tiv

e
Ne

ga
tiv

e

B
ol

d 
de

no
te

s 
di

sc
re

pa
nc

y 
re

su
lts

 b
et

w
ee

n 
N

G
S 

as
sa

ys
.

A
bb

re
vi

at
io

ns
: S

N
V,

 s
in

gl
e 

nu
cl

eo
tid

e 
va

ria
nt

; V
A

F,
 v

ar
ia

nt
 a

lle
le

 fr
eq

ue
nc

y;
 H

R
R

, h
om

ol
og

ou
s 

re
co

m
bi

na
tio

n 
re

pa
ir;

 H
R

R
m

, h
om

ol
og

ou
s 

re
co

m
bi

na
tio

n 
re

pa
ir 

m
ut

at
io

n;
 H

G
VS

p,
 H

um
an

 G
en

om
e 

Va
ria

tio
n 

So
ci

et
y 

pr
ot

ei
n 

se
qu

en
ce

; H
G

VS
c,

 H
um

an
 G

en
om

e 
Va

ria
tio

n 
So

ci
et

y 
co

di
ng

 s
eq

ue
nc

e.

Su
pp

le
m

en
ta

l D
at

a 
Ta

bl
e 

S1
. C

on
tin

ue
d



Kim Y, et al.
Comparison of HRR status using NGS assays

www.annlabmed.org https://doi.org/10.3343/alm.2023.43.1.64

Su
pp

le
m

en
ta

l D
at

a 
Ta

bl
e 

S2
. V

A
F 

(%
) 

an
d 

co
ve

ra
ge

 d
ep

th
 o

f H
R

R
 g

en
om

ic
 a

lte
ra

tio
ns

 in
 th

e 
Fo

un
da

tio
nO

ne
 C

D
x 

as
sa

y 
an

d 
Su

re
Se

le
ct

 C
us

to
m

 a
ss

ay

Sa
m

pl
e N

o.
Va

ria
nt

_
Cl

as
s

Va
ria

nt
_E

ffe
ct

Ge
ne

Tra
ns

cr
ip

t
HG

VS
c

HG
VS

p
Al

lel
ic 

fre
qu

en
cy

 (%
)

Co
ve

ra
ge

 d
ep

th
HR

Rm
 st

at
us

Fo
un

da
tio

n-
 

On
e C

Dx
 

Su
re

Se
lec

t 
Cu

st
om

Fo
un

da
tio

n-
 

On
e C

Dx
 

Su
re

Se
lec

t 
Cu

st
om

 
Fo

un
da

tio
On

e 
CD

x 
Su

re
Se

lec
t 

Cu
st

om
 

FF
PE

_1
In

de
l

Fr
am

es
hi

ft
RA

D5
4L

NM
_0

01
14

25
48

.1
c.3

16
de

lC
p.

Ar
g1

06
Al

af
sT

er
21

45
.8

47
.7

1,
01

8
1,

77
8

Po
sit

ive
Po

sit
ive

FF
PE

_2
In

de
l

Fr
am

es
hi

ft
BR

CA
2

NM
_0

00
05

9.
3

c.5
35

1d
up

p.
As

n1
78

4L
ys

fs
*3

16
.9

20
.1

2,
36

2
3,

03
6

Po
sit

ive
Po

sit
ive

FF
PE

_4
SN

V
No

ns
en

se
BR

CA
2

NM
_0

00
05

9.
3

c.6
71

5G
>

T
p.

Gl
u2

23
9T

er
12

.2
12

.9
1,

07
5

1,
93

5
Po

sit
ive

Po
sit

ive

FF
PE

_4
SN

V
M

iss
en

se
BR

CA
2

NM
_0

00
05

9.
3

c.3
98

C
>

G
p.

Pr
o1

33
Ar

g
12

12
.1

80
6

1,
48

8
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_7
In

de
l

Fr
am

es
hi

ft
CD

K1
2

NM
_0

16
50

7.
3

c.2
59

7d
up

p.
Le

u8
66

Ph
ef

s*
4

7.
3

7.
5

1,
03

6
1,

03
4

Po
sit

ive
Po

sit
ive

FF
PE

_7
SN

V
M

iss
en

se
CD

K1
2

NM
_0

16
50

7.
3

c.2
21

9A
>

C
p.

Gl
n7

40
Pr

o
8.

6
5.

9
1,

09
4

62
7

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_9
SN

V
No

ns
en

se
BR

CA
2

NM
_0

00
05

9.
3

c.8
08

4C
>

G
p.

Se
r2

69
5T

er
90

.7
92

.4
79

2
1,

01
9

Po
sit

ive
Po

sit
ive

FF
PE

_9
SN

V
M

iss
en

se
BR

CA
1

NM
_0

07
29

4.
3

c.5
57

6C
>

G
p.

Pr
o1

85
9A

rg
66

.2
66

.2
1,

06
3

1,
64

5
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_1
1

SN
V

Sp
lic

in
g 

va
ria

nt
BR

CA
2

NM
_0

00
05

9.
3

c.8
95

3+
1G

>
T

p?
54

.6
52

.6
59

0
42

0
Po

sit
ive

Po
sit

ive

FF
PE

_1
2

In
de

l
Fr

am
es

hi
ft

AT
M

NM
_0

00
05

1.
3

c.1
90

3d
elC

p.
Hi

s6
35

Th
rfs

Te
r1

4
44

.4
43

.8
58

8
17

6
Po

sit
ive

Po
sit

ive

FF
PE

_1
6

SN
V

No
ns

en
se

BR
CA

1
NM

_0
07

29
4.

3
c.2

80
0C

>
T

p.
Gl

n9
34

Te
r

48
.6

47
.5

1,
03

2
1,

42
1

Po
sit

ive
Po

sit
ive

FF
PE

_1
6

SN
V

M
iss

en
se

PA
LB

2
NM

_0
24

67
5.

3
c.1

37
9A

>
G

p.
Gl

n4
60

Ar
g

48
.6

46
.2

1,
04

7
79

6
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_1
7

In
de

l
Fr

am
es

hi
ft

CH
EK

2
NM

_0
07

19
4.

4
c.4

61
de

l
p.

(A
sn

15
4T

hr
fs

*7
)

25
.1

28
.9

1,
23

3
82

3
Po

sit
ive

Po
sit

ive

FF
PE

_1
7

SN
V

M
iss

en
se

AT
M

NM
_0

00
05

1.
3

c.3
79

7A
>

T
p.

As
p1

26
6V

al
30

.4
30

.6
56

6
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_2
1

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.6

62
7_

66
34

de
lA

GA
AG

TT
T

p.
Ile

22
09

M
et

fs
Te

r1
3

54
.5

52
.3

99
5

73
3

Po
sit

ive
Po

sit
ive

FF
PE

_2
2

SN
V

No
ns

en
se

AT
M

NM
_0

00
05

1.
3

c.5
69

2C
>

T
p.

Ar
g1

89
8T

er
89

.7
87

.8
34

1
40

1
Po

sit
ive

Po
sit

ive

FF
PE

_2
3

SN
V

No
ns

en
se

AT
M

NM
_0

00
05

1.
3

c.5
18

8C
>

T
p.

Ar
g1

73
0T

er
2.

3
1.

9
72

8
73

6
Po

sit
ive

Po
sit

ive

FF
PE

_2
3

SN
V

Sy
no

ny
m

ou
s

AT
M

NM
_0

00
05

1.
3

c.
22

50
G

>
A

p.
Ly

s7
50

=
(-)

24
.2

(-)
31

0
Ne

ga
tiv

e
Po

sit
ive

FF
PE

_2
4

SN
V

M
iss

en
se

RA
D5

1C
NM

_0
58

21
6.

2
c.4

06
A>

T
p.

M
et

13
6L

eu
48

.8
46

.5
1,

08
1

1,
02

7
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_2
5

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

57
6_

55
79

de
lTT

AA
p.

Ile
18

59
Ly

sf
sT

er
3

47
.4

54
.3

66
7

24
3

Po
sit

ive
Po

sit
ive

FF
PE

_2
5

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.9

21
8A

>
C

p.
As

p3
07

3A
la

13
.5

11
.7

1,
08

5
42

9
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_2
6

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

57
6_

55
79

de
lTT

AA
p.

Ile
18

59
Ly

sf
sT

er
3

46
.4

43
.9

99
5

78
6

Po
sit

ive
Po

sit
ive

FF
PE

_2
8

SN
V

Sp
lic

in
g 

va
ria

nt
AT

M
NM

_0
00

05
1.

3
c.4

43
6+

1G
>

T
p?

7.
9

5
34

1
22

0
Po

sit
ive

Po
sit

ive

FF
PE

_3
2

SN
V

No
ns

en
se

CD
K1

2
NM

_0
16

50
7.

3
c.2

66
2G

>
T

p.
Gl

u8
88

Te
r

9.
4

3.
9

98
3

41
2

Po
sit

ive
Po

sit
ive

FF
PE

_3
2

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.1

98
du

p
p.

(Il
e6

7T
yrf

s*
8)

10
11

1,
25

9
88

9
Po

sit
ive

Po
sit

ive

FF
PE

_3
4

SN
V

M
iss

en
se

CH
EK

2
NM

_0
07

19
4.

4
c.4

10
G

>
A

p.
Ar

g1
37

Gl
n

48
.3

52
.6

98
9

84
2

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_3
5

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.7

05
2C

>
G

p.
Al

a2
35

1G
ly

50
.5

45
.7

1,
44

0
80

1
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_3
6

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.7

05
2C

>
G

p.
Al

a2
35

1G
ly

34
.3

28
.3

1,
33

6
2,

20
4

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_3
6

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.5

78
5A

>
G

p.
Ile

19
29

Va
l

62
.3

63
.2

1,
46

8
2,

16
4

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_3
7

SN
V

M
iss

en
se

PA
LB

2
NM

_0
24

67
5.

3
c.3

23
6C

>
T

p.
Al

a1
07

9V
al

45
.5

42
.9

1,
01

0
94

0
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_3
8

SN
V

Sp
lic

in
g 

va
ria

nt
AT

M
NM

_0
00

05
1.

3
c.3

99
4-

1G
>

A
p?

26
.9

22
.2

50
9

23
9

Po
sit

ive
Po

sit
ive

FF
PE

_4
1

In
de

l
No

ns
en

se
CD

K1
2

NM
_0

16
50

7.
3

c.6
88

_7
01

de
lA

GC
TC

CA
AA

CA
AG

A
p.

Se
r2

30
Te

r
26

.6
23

.4
1,

39
7

85
2

Po
sit

ive
Po

sit
ive

(C
on

tin
ue

d 
to

 th
e 

ne
xt

 p
ag

e)



Kim Y, et al.
Comparison of HRR status using NGS assays

https://doi.org/10.3343/alm.2023.43.1.64 www.annlabmed.org

Sa
m

pl
e N

o.
Va

ria
nt

_
Cl

as
s

Va
ria

nt
_E

ffe
ct

Ge
ne

Tra
ns

cr
ip

t
HG

VS
c

HG
VS

p
Al

lel
ic 

fre
qu

en
cy

 (%
)

Co
ve

ra
ge

 d
ep

th
HR

Rm
 st

at
us

Fo
un

da
tio

n-
 

On
e C

Dx
 

Su
re

Se
lec

t 
Cu

st
om

Fo
un

da
tio

n-
 

On
e C

Dx
 

Su
re

Se
lec

t 
Cu

st
om

 
Fo

un
da

tio
On

e 
CD

x 
Su

re
Se

lec
t 

Cu
st

om
 

FF
PE

_4
1

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.7

11
de

lC
p.

Se
r2

38
Ar

gf
sT

er
10

0
55

.8
56

.8
1,

23
7

76
4

Po
sit

ive
Po

sit
ive

FF
PE

_4
1

SN
V

M
iss

en
se

BR
IP

1
NM

_0
32

04
3.

3
c.4

15
T>

G
p.

Se
r1

39
Al

a
40

.4
41

.9
1,

66
5

1,
02

1
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_4
3

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

30
5d

el
p.

Ile
76

9S
er

fs
*1

3
7.

4
4.

6
1,

21
3

65
3

Po
sit

ive
Po

sit
ive

FF
PE

_4
3

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.5

05
de

lA
p.

Se
r1

69
Al

af
s*

22
6.

9
6.

9
1,

25
0

76
9

Po
sit

ive
Po

sit
ive

FF
PE

_4
3

SN
V

M
iss

en
se

RA
D5

1B
NM

_0
02

87
7.

5
c.2

03
A>

G
p.

Ty
r6

8C
ys

49
.9

53
.6

79
8

29
5

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_4
4

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

46
de

lC
p.

Ph
e8

3S
er

fs
Te

r9
25

.7
27

.5
1,

14
3

1,
00

2
Po

sit
ive

Po
sit

ive

FF
PE

_4
4

In
de

l
Sp

lic
in

g 
va

ria
nt

CD
K1

2
NM

_0
16

50
7.

3
c.2

83
6_

28
46

+
4d

elG
AA

CT
GA

TC
AG

GT
AC

p?
26

.1
18

.1
95

4
59

1
Po

sit
ive

Po
sit

ive

FF
PE

_4
5

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.1

27
8d

elA
p.

As
p4

27
Th

rfs
Te

r3
52

.5
58

.4
77

5
55

1
Po

sit
ive

Po
sit

ive

FF
PE

_4
8

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

94
6d

elT
p.

Se
r1

98
2A

rg
fs

Te
r2

2
47

.6
46

.8
1,

15
1

1,
65

0
Po

sit
ive

Po
sit

ive

FF
PE

_4
9

SN
V

Sy
no

ny
m

ou
s

BR
CA

2
NM

_0
00

05
9.

3
c.9

11
7G

>
A

p.
Pr

o3
03

9=
59

.7
47

77
5

46
0

Po
sit

ive
Po

sit
ive

FF
PE

_5
1

In
de

l
No

ns
en

se
AT

M
NM

_0
00

05
1.

3
c.7

70
5_

77
06

de
lG

A
p.

As
p2

56
9T

er
46

.7
44

.9
1,

13
0

1,
69

6
Po

sit
ive

Po
sit

ive

FF
PE

_5
1

In
de

l
Fr

am
es

hi
ft

AT
M

NM
_0

00
05

1.
3

c.4
74

1d
up

A
p.

Ile
15

81
As

nf
sT

er
5

32
.5

33
.3

94
9

1,
35

3
Po

sit
ive

Po
sit

ive

FF
PE

_5
2

SN
V

No
ns

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.7

48
0C

>
T

p.
Ar

g2
49

4T
er

37
.5

40
.7

79
2

53
8

Po
sit

ive
Po

sit
ive

FF
PE

_5
5

In
de

l
Sp

lic
in

g
CD

K1
2

NM
_0

16
50

7.
3

c.2
34

2T
>

G
p.

Le
u7

81
Te

r
41

.1
36

.8
69

3
92

7
Po

sit
ive

Po
sit

ive

FF
PE

_5
5

SN
V

Sp
lic

in
g 

va
ria

nt
CD

K1
2

NM
_0

16
50

7.
3

c.3
09

5+
1G

>
A

p?
47

.2
42

.3
60

6
65

0
Po

sit
ive

Po
sit

ive

FF
PE

_5
9

In
de

l
Sp

lic
in

g 
va

ria
nt

CD
K1

2
NM

_0
16

50
7.

3
c.2

76
9-

6_
27

70
de

lTT
CT

AG
AT

p?
41

.4
39

.5
85

6
94

7
Po

sit
ive

Po
sit

ive

FF
PE

_6
0

SN
V

Sp
lic

in
g 

va
ria

nt
CD

K1
2

NM
_0

16
50

7.
3

c.2
76

8+
1G

>
T

p?
21

.8
16

.8
1,

17
7

51
2

Po
sit

ive
Po

sit
ive

FF
PE

_6
0

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.1

15
9d

elG
p.

Va
l3

87
Se

rfs
Te

r4
9

11
.9

9.
2

1,
44

2
66

5
Po

sit
ive

Po
sit

ive

FF
PE

_6
0

SN
V

M
iss

en
se

AT
M

NM
_0

00
05

1.
3

c.4
36

5T
>

A
p.

Se
r1

45
5A

rg
54

38
.4

1,
02

3
51

0
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_6
2

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.4

47
1_

44
74

de
lC

TG
A

p.
Le

u1
49

1L
ys

fs
Te

r1
2

44
.5

44
.4

1,
03

6
35

8
Po

sit
ive

Po
sit

ive

FF
PE

_6
2

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.9

49
1d

elA
p.

As
n3

16
4I

lef
sT

er
53

8.
5

10
.6

1,
19

7
53

0
Po

sit
ive

Po
sit

ive

FF
PE

_6
4

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.1

98
de

lT
p.

Ile
67

Se
rfs

Te
r2

5
6.

1
5.

4
1,

22
4

3,
89

4
Po

sit
ive

Po
sit

ive

FF
PE

_6
8

SN
V

No
ns

en
se

PP
P2

R2
A

NM
_0

00
05

9.
3

c.1
12

3C
>

T
p.

Ar
g3

75
Te

r
91

.9
93

.7
71

9
91

1
Po

sit
ive

Po
sit

ive

FF
PE

_7
1

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.8

00
de

lG
p.

Gl
y2

67
Gl

uf
sT

er
71

37
34

.7
1,

91
8

2,
52

5
Po

sit
ive

Po
sit

ive

FF
PE

_7
1

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.3

03
_3

06
de

lA
TC

A
p.

Se
r1

02
Ile

fs
Te

r2
1

30
.1

23
.6

1,
64

5
2,

46
1

Po
sit

ive
Po

sit
ive

FF
PE

_7
1

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.8

35
6G

>
A

p.
Al

a2
78

6T
hr

50
.1

43
.3

90
2

87
6

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_7
1

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.1

16
6C

>
T

p.
Pr

o3
89

Le
u

51
.1

49
.9

1,
18

4
1,

05
9

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_7
2

SN
V

Sp
lic

in
g 

va
ria

nt
AT

M
NM

_0
00

05
1.

3
c.6

57
2+

1G
>

A
p?

39
.7

31
.3

48
6

1,
05

2
Po

sit
ive

Po
sit

ive

FF
PE

_7
5

SN
V

No
ns

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.5

64
5C

>
A

p.
Se

r1
88

2T
er

61
.7

54
.4

51
9

37
7

Po
sit

ive
Po

sit
ive

FF
PE

_7
6

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

35
0_

53
51

de
lA

A
p.

As
n1

78
4H

isf
sT

er
2

51
.9

57
.6

1,
05

1
52

3
Po

sit
ive

Po
sit

ive

FF
PE

_7
6

In
de

l
Fr

am
es

hi
ft

CH
EK

2
NM

_0
07

19
4.

4
c.5

91
de

l
p.

Va
l1

98
Ph

ef
sT

er
7

45
.1

48
.9

82
9

54
0

Po
sit

ive
Po

sit
ive

FF
PE

_7
7

SN
V

No
ns

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.3

10
3G

>
T

p.
Gl

u1
03

5T
er

62
.8

63
.2

76
7

28
8

Po
sit

ive
Po

sit
ive

Su
pp

le
m

en
ta

l D
at

a 
Ta

bl
e 

S2
. C

on
tin

ue
d

(C
on

tin
ue

d 
to

 th
e 

ne
xt

 p
ag

e)



Kim Y, et al.
Comparison of HRR status using NGS assays

www.annlabmed.org https://doi.org/10.3343/alm.2023.43.1.64

Sa
m

pl
e N

o.
Va

ria
nt

_
Cl

as
s

Va
ria

nt
_E

ffe
ct

Ge
ne

Tra
ns

cr
ip

t
HG

VS
c

HG
VS

p
Al

lel
ic 

fre
qu

en
cy

 (%
)

Co
ve

ra
ge

 d
ep

th
HR

Rm
 st

at
us

Fo
un

da
tio

n-
 

On
e C

Dx
 

Su
re

Se
lec

t 
Cu

st
om

Fo
un

da
tio

n-
 

On
e C

Dx
 

Su
re

Se
lec

t 
Cu

st
om

 
Fo

un
da

tio
On

e 
CD

x 
Su

re
Se

lec
t 

Cu
st

om
 

FF
PE

_7
8

SN
V

No
ns

en
se

AT
M

NM
_0

00
05

1.
3

c.5
64

4C
>

T
p.

Ar
g1

88
2T

er
7.

2
3.

7
1,

09
7

51
7

Po
sit

ive
Po

sit
ive

FF
PE

_7
8

SN
V

M
iss

en
se

BR
IP

1
NM

_0
32

04
3.

3
c.6

34
G

>
A

p.
Gl

y2
12

Se
r

47
.1

45
.8

91
7

36
0

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_7
9

SN
V

M
iss

en
se

BA
RD

1
NM

_0
00

46
5.

4
c.2

30
6C

>
T

p.
Se

r7
69

Ph
e

51
.1

46
.4

92
6

86
9

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_8
0

In
de

l
Fr

am
es

hi
ft

CH
EK

2
NM

_0
07

19
4.

4
c.1

10
0d

el
p.

Th
r3

67
M

et
fs

Te
r1

5
56

66
.1

37
3

18
3

Po
sit

ive
Po

sit
ive

FF
PE

_8
0

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.4

31
5G

>
A

p.
Al

a1
43

9T
hr

49
.5

35
.9

96
6

28
4

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_8
3

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

69
8d

elT
p.

Trp
90

0G
lyf

sT
er

9
10

.9
7.

7
95

4
1,

05
6

Po
sit

ive
Po

sit
ive

FF
PE

_8
4

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.9

67
2d

up
p.

Ty
r3

22
5I

lef
sT

er
30

54
.9

54
.2

92
4

45
0

Po
sit

ive
Po

sit
ive

FF
PE

_8
5

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

15
de

lA
p.

Gl
u7

2G
lyf

sT
er

20
25

.5
22

.2
90

5
1,

60
3

Po
sit

ive
Po

sit
ive

FF
PE

_8
5

In
de

l
Fr

am
es

hi
ft

CD
K1

2
NM

_0
16

50
7.

3
c.2

62
2d

elA
p.

Ly
s8

74
As

nf
sT

er
2

12
.3

5.
8

91
1

51
9

Po
sit

ive
Po

sit
ive

FF
PE

_8
7

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.9

64
A>

C
p.

Ly
s3

22
Gl

n
49

.8
54

64
2

17
6

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_8
8

In
de

l
Fr

am
es

hi
ft

BA
RD

1
NM

_0
00

46
5.

4
c.5

13
de

l
p.

As
p1

72
M

et
fs

Te
r4

0
18

.8
22

1,
18

8
98

0
Po

sit
ive

Po
sit

ive

FF
PE

_8
8

In
de

l
Fr

am
es

hi
ft

BR
CA

2
NM

_0
00

05
9.

3
c.5

35
1d

el
p.

As
n1

78
4T

hr
fs

Te
r7

12
.5

14
.6

2,
79

4
2,

11
6

Po
sit

ive
Po

sit
ive

FF
PE

_8
9

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.2

90
8G

>
A

p.
As

p9
70

As
n

49
.5

41
.7

1,
08

7
47

0
Ne

ga
tiv

e
Ne

ga
tiv

e

FF
PE

_9
3

In
de

l
Fr

am
es

hi
ft

CH
EK

2
NM

_0
07

19
4.

4
c.1

10
0d

el
p.

Th
r3

67
M

et
fs

Te
r1

5
42

.4
52

.5
52

8
34

1
Po

sit
ive

Po
sit

ive

FF
PE

_9
4

SN
V

M
iss

en
se

CD
K1

2
NM

_0
16

50
7.

3
c.2

84
3T

>
C

p.
Ile

94
8T

hr
68

.6
69

55
1

50
9

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_9
6

SN
V

Sp
lic

in
g 

va
ria

nt
AT

M
NM

_0
00

05
1.

3
c.2

92
1+

1G
>

T
p?

56
.5

54
.3

1,
05

5
73

5
Po

sit
ive

Po
sit

ive

FF
PE

_9
7

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.6

32
5G

>
A

p.
Va

l2
10

9I
le

64
.1

56
.8

84
4

31
7

Ne
ga

tiv
e

Ne
ga

tiv
e

FF
PE

_9
8

In
de

l
Fr

am
es

hi
ft

CH
EK

1
NM

_0
01

27
4.

5
c.1

33
6-

1d
elG

p?
5.

5
6.

3
99

8
34

7
Po

sit
ive

Po
sit

ive

FF
PE

_9
9

SN
V

No
ns

en
se

CD
K1

2
NM

_0
16

50
7.

3
c.2

68
A>

T
p.

Ly
s9

0T
er

5.
7

5.
3

89
0

50
5

Po
sit

ive
Po

sit
ive

FF
PE

_9
9

SN
V

Sp
lic

in
g 

va
ria

nt
CD

K1
2

NM
_0

16
50

7.
3

c.3
09

5+
1G

>
T

p?
5.

6
5

93
0

53
8

Po
sit

ive
Po

sit
ive

FF
PE

_9
9

SN
V

M
iss

en
se

BR
CA

2
NM

_0
00

05
9.

3
c.6

85
3A

>
G

p.
Ile

22
85

Va
l

48
40

75
2

12
5

Ne
ga

tiv
e

Ne
ga

tiv
e

A
bb

re
vi

at
io

ns
: S

N
V,

 s
in

gl
e 

nu
cl

eo
tid

e 
va

ria
nt

; V
A

F,
 v

ar
ia

nt
 a

lle
le

 fr
eq

ue
nc

y;
 H

R
R

, h
om

ol
og

ou
s 

re
co

m
bi

na
tio

n 
re

pa
ir;

 H
R

R
m

, h
om

ol
og

ou
s 

re
co

m
bi

na
tio

n 
re

pa
ir 

m
ut

at
io

n;
 H

G
VS

p,
 H

um
an

 G
en

om
e 

Va
ria

tio
n 

So
ci

et
y 

pr
ot

ei
n 

se
qu

en
ce

; H
G

VS
c,

 H
um

an
 G

en
om

e 
Va

ria
tio

n 
So

ci
et

y 
co

di
ng

 s
eq

ue
nc

e.
 B

ol
d 

de
no

te
s 

di
sc

re
pa

nc
y 

re
su

lts
 b

et
w

ee
n 

N
G

S 
as

sa
ys

.

Su
pp

le
m

en
ta

l D
at

a 
Ta

bl
e 

S2
. C

on
tin

ue
d



Kim Y, et al.
Comparison of HRR status using NGS assays

https://doi.org/10.3343/alm.2023.43.1.64 www.annlabmed.org

Supplemental Data Table S3. Comparison of the Oncomine Comprehensive and SureSelect Custom assays with the FoundationOne CDx 
assay for CNV detection

Case
FoundationOne CDx assay PPA (%)

(95% CI)
NPA (%)
(95% CI)

OPA (%)
(95% CI)Positive Negative

Oncomine Comprehensive assay Positive 3 0 60.0 (23.1–88.2) 100.0 (99.7–100.0) 99.8 (99.4–100.0)

Negative 2 1,255

SureSelect Custom assay Positive 3 0 100.0 (43.9–100.0) 100.0 (99.7–100.0) 100.0 (99.7–100.0)

Negative 0 1,317

Abbreviations: CNV, copy number variation; OPA, overall percent agreement; NPA, negative percent agreement; PPA, positive percent agreement; CI, confi-
dence interval.
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Supplemental Data Fig. S1. Quality and concentration of DNA sequencing run metrics. The median DNA concentration using the Qubit 
3.0 Fluorometer and a 2200 TapeStation Instrument was 4.4 ng/µL and 3.8 ng/µL, respectively. The median DNA integrity number (DIN) 
was 3.2 using a 2200 TapeStation Instrument.
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