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The use of molecular testing in ovarian 
cancer
focus on Synthetic Lethality & PARP I
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Why do we need molecular testing in AEOC?
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Population Study Treatment PFS 

Optimal Stage 3 GOG 158 IV Pac & Carb 21 mos

GOG 114 IV Pac & Cis 22 mos

GOG 158 IV Pac & Cis 19 mos

GOG 172 IV Pac & Cis 18 mos

Suboptimal 3 & 
4 GOG 111 IV Pac & Cis 18 mos

GOG 162 IV Pac Cis 12 mos

GOG 152 IV Pac Cis 11 mos

All Stage 3 & 4 GOG 182 IV Pac/Carbo x 8 16 mos

<1.5 yrs

<2 yrs
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Maintenance with bevacizumab can improve PFS, but 
approximately 4 months, in exchange for 5 cycles of 
concurrent therapy and single-agent maintenance 
extending beyond a year, without objective evidence of 
clinical benefit in terms of quality of life, time without 
symptoms or toxicity, or increased OS. 

( Charlie et al, 2019)
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Why do we need molecular testing in AEOC?

• Taxol +carboplatin Q3W x6 SOC of OC since 2003
• Stage 3, Optimal debulking operation PFS< 2yrs
• Stage 3, suboptimal or stage 4PFS< 1.5 yrs

• Maintenance with bevacizumab can improve PFS, but approximately 4 
months.
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Molecular testing in ovarian cancer
Synthetic Lethality & PARP i
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Histology
Grading
Staging
Platinum sensitive
Optimal or suboptimal
…..
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Roy R, Chun J and Powell SN. Nat Rev Cancer 2012;12(1): 68-78.

BRCA基因(BREAST CANCER GENE)的功能與影響

• BRCA1和BRCA2基因分别於1990年和1994年

發現，最初發現與遺傳性乳癌相關，所以被

命名為Breast  Cancer 1(BRCA1)基因和

BRCA2基因

• BRCA1基因位於17q21.31，含有24個

exon； BRCA2基因位於13q13.1，含

有27個exon

• 與雙股ＤＮＡ損傷 Error-free 修復有關

（homologous recombination repair)
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Synthetic lethality

Cell Cycle 10:8, 1192-1199; April 15, 2011 11
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但只有少數病人受惠

1300( OC in Taiwan)
650(stage 3,4)
400( HGS, HGE)
80( BRCA)
60( platinum sensitive)
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Beyond BRCAm

11
1年
度T
AO
G年

會專
用



20

11
1年
度T
AO
G年

會專
用



導致HRD的原因不僅限於BRCA1/2基因突變

1. Lord CJ, et al. Nat Rev Cancer. 2016; 16(2): 110-20 Turner N, et al. Nat Rev Cancer. 2004; 4(10): 814-9.  2. Ashworth A. J Clin Oncol. 2008; 26(22): 3785-90. 3. O’Kane GM, et al. 
Trends Mol Med. 2017; 23(12): 1121-1137. 

• “BRCAness”的概念，描述無BRCA突變，

但具有和BRCA突變腫瘤類似表現型的

HRD

• Homologous Recombination (HR)過程

中主要涉及到BRCA1/2，RAD51，以及

BRCA2定位基因 (PALB2) 等編碼的蛋白

• 這些BRCA以外的HR相關基因的改變也可

能導致HRD，包括基因突變、表現調控及

其他未知原因 11
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約50%高分化漿液性上皮型卵巢癌存在同源重組修復基因缺(HRD)

1. Konstantinopoulos PA, et al. Cancer Discov. 2015;5(11):1137–54. 
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Genomic instability in the context of HRD testing in Ovarian Cancer refers to 
genomic alterations resulting from homologous repair deficiency (HRD) and 

not microsatellite instability resulting from mismatch repair (dMMR).

Terminology consistent with community language, labels and guidelines
It is important to distinguish between phenotype and test

Homologous recombination deficiency (HRD): the phenotype of a cell/tumor that has impaired 
ability to conduct HRR (for example due to loss of function of genes involved in the HRR 
pathway)

Genomic instability test: a molecular diagnostic test to assess HRD phenotype (for example the 
Myriad myChoice® CDx test)

HRD-positive: a tumor which is identified as HRD based on a molecular diagnostic test (for 
example a genomic instability test)
HRD-negative: a tumor which is identified as HRD-negative based on a molecular diagnostic test 

Homologous recombination repair (HRR): the cellular mechanism to repair DNA double strand 
breaks

23
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Three approaches to identify HRD

Cause of HRD Function of HRR Effect of HRD

1 2 3
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Three approaches to identify HRD
1

Causes of HRD

BRCA1/2m

Germline / Tumor

• Including point 
mutation / InDel
detected by NGS

• Large DNA deletion 
detected by MLPA 

• Loss of function of key 
HRR genes (tumor 
test)

• 15 genes in AZ panel:

BRCA1, BRCA2, ATM, 
BARD1, BRIP1, CDK12, 
CHEK1, CHEK2, FANCL, 
PALB2, PPP2R2A, 
RAD51B, RAD51C, 
RAD51D, RAD54L

HRRm
Gene panels

2

Function of HRR

1. O’Kane GM et al. Trends Mol Med. 2017;23(12):1121-1137. 2. Hoppe MM, et al. J Natl Cancer Inst. 2018;110(7):704-713

2. Serra Elizalde V, Llop-Guevara A, Pearson A, et al. Detection of homologous recombination repair deficiency (HRD) in treatment-naïve early triple negative breast cancer (TNBC) by RAD51 foci and comparison with DNA-based tests.

3. Llop-Guevara A, Vladimirova V, Schneeweiss A, et al. Association of RAD51 with Homologous Recombination Deficiency (HRD) and clinical outcomes in untreated triple-negative breast cancer (TNBC): analysis of the GeparSixto
randomized clinical trial.

11
1年
度T
AO
G年

會專
用



PAOLA-1 studied olaparib plus bevacizumab maintenance in 
newly diagnosed advanced ovarian cancer

*Serous or endometroid (also includes fallopian tube and primary peritoneal cancer) or non-mucinous BRCAm
Bevacizumab: 15 mg/kg, every 3 weeks for a total of 15 months, including when administered with chemotherapy 

‡By central labs
1L=first-line; BID=twice daily; BRCAm=BRCA mutation; CR=complete response; FIGO=International Federation of Gynecology and Obstetrics; 

HRRm=homologous recombination repair gene mutation; NED=no evidence of disease; PFS=progression-free survival; PR=partial response; RECIST=Response Evaluation Criteria in 
Solid Tumours; tBRCA=tumour BRCA; tBRCAm=tumour BRCA mutation

1. Ray-Coquard I, et al. N Engl J Med. 2019;381:Clinical Study Protocol; 2. Study NCT02477644. Available at: https://clinicaltrials.gov/ct2/show/NCT02477644. Accessed March 2021

†

CDx=companion diagnostic test; 

• FIGO Stage III–IV 
high-grade ovarian 
cancer* 

• Surgery 
(upfront or interval) 

• Platinum 
taxane-based 
chemotherapy

• ≥3 cycles of 
bevacizumab†

2:1 randomisation; N=806
Stratification by tBRCA status‡

and 1L treatment outcome

Primary endpoint

• Investigator-assessed PFS 
(RECIST 1.1)

2 years’ maintenance treatment

Pre-specified exploratory endpoints

• PFS in pre-defined subgroups, 
including tBRCAm, HRRm
(including BRCAm) by Myriad 
myChoice® CDx

Olaparib (300 mg BID) x 2 years

Placebo x 2 years

NED/ 
CR/PR

+ bevacizumab†

+ bevacizumab†
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Study Objective and Design(PAOLA-1)

All genes considered were in both the gene panel noted and the Myriad myChoice®HRD Plus assay.
*HRD was defined by the presence of a genomic instability score ≥42 and/or BRCAm.
RECIST, Response Evaluation Criteria in Solid Tumors. 
1.Ray‐CoquardIetal.N EnglJ Med2019;381:2416–28; 2.Hodgson et al. BJC2018;119:1401–09; 3. Coleman et al. Lancet2017;390:1949–61; 4. Mirza et al. ASCO2019 (abstract 5568)

11
1年
度T
AO
G年

會專
用



Non-BRCA HRRm was not predictive of improved 
PFS, regardless of gene panel in 1L OC(PAOLA-1)

bev=bevacizumab; CI=confidence interval; HR=hazard ratio; HRRm=homologous recombination repair gene mutation; NC=not calculable; PFS=progression-free survival
Pujade-Lauraine E, et al. Presented at the SGO Annual Meeting 2021; 19–25 March; Virtual

Pre-defined

Expanded

Restricted

Used in Study 19

Used in ARIEL3

Used in NOVA

0.25 0.50 1.00 2.00 4.00

Exploratory 
panels

NC

HR (95% CI)

0.95 (0.49–1.94)

1.01 (0.55–1.95)

NC (<20 events)

0.92 (0.51–1.73)

1.35 (0.65–3.14)

1.83 (0.76–5.43)
3

Published 
panels

Favours placebo + bevFavours olaparib + bev

HR (95% CI)
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Effect of HRD
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HRD
LOH TAI LST

SOPHiA GENETICS

Myriad myChoice® CDx FoundationOne® CDx ACT HRD

Genomic 
Integrity (GI)

Genomic Instability

Two different HRD test methodologies: (1) LOH, TAI and LST (2) GI
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Genomic Instability and SNP Testing

• Genomic instability (e.g. LoH) tests are NOT based on gene panels, but are specialized 
tests that require pan-genome SNP coverage

1. SNPs are evenly distributed across the genome.
2. SNPs should be from the regions that are unique in the genome.

 Low complexity region will complicate the analysis.
3. SNPs have good population allele frequency (GMAF); in other words a 

significant proportion of the selected SNPs should be heterozygous

Design principles for SNP selection:

The SNP density can determine the minimum size of LoH segment detected.
A sparse SNP assay can miss LOH segments

Abkevich V et al. Br J Cancer 2012 ;107: 1776–1782; Swisher EM et. al. Lancet Oncol. 2017 Jan;18(1):75-87. 

A

Loss of 
Heterozygosity

30
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Mutations in Homologous Recombination Repair 
(HRR) pathway genes

ATM
BARD1
BRIP1, CDK12, CHEK1
CHEK2, FANCL, PALB2,
PPP2R2A, RAD51B,
RAD51C, RAD51D, RAD54L

Multiple genetic biomarkers/composite scores

Loss Of Heterozygosity (LOH)

Allelic Imbalance (AI)

Large-scale State Transitions (LSTs)

HRR Gene Panel Test Genomic Instability Test

BRCA1
BRCA2

Myriad GIS
(Genomic Instability 
Score)

Myriad myChoice® CDx5

Test positive (HRD+) is BRCAm and/or a Genomic 
Instability Score ≥42

myChoice approved by FDA in Oct, 2019 as 
Companion Diagnostic for Niraparib for treatment of 
4L+ ovarian (QUADRA)1

myChoice was also evaluated in the NOVA2 and PRIMA studies3,4

Myriad myChoice CDx Test

1. Moore, K.N. et. al. Lancet Oncol 2019; 20: 636–48; 2. Mirza MR et al. N Engl J Med. 2016;375:2154-2164; 3. González Martín A 
et al. Presented at ESMO 2019. 27 September – 1 October., Barcelona, Spain. Abstract #LBA1; 4. González Martín A, et al. N Engl

J Med. 2019;381:2391-2402; 5. https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P190014 32
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Three different subtypes by Myraid MyChoice

• 3. PARP i and patient selection
•

35

Trial SOLO-1 PRIMA PAOLA-1 VELIA

Investigational arm Olaparib Niraparib Olaparib+bevacizumab Veliparib

BRCA mutated
PFS HR (95% CI)
Median PFS (PARPi vs control)

(n=391)
0.30 (0.23-0.41)
NR vs 13.8
(56.0 vs 13.8 , ASCO 2020)

(n=233)
0.40 (0.27-0.62)
22.1 vs.10.9

(n=237)
0.31 (0.20-0.47)
37.2 vs 21.7

(n=200)
0.44 (0.28-0.68)
34.7 vs 22.0

HRD test positive non-BRCAm
PFS HR (95% CI)
Median PFS (PARPi vs control)

NA (n=150)
0.50 (0.31-0.83)
19.6 vs 8.2

(n=152)
0.43 (0.28-0.66)
28.1 vs 16.6

(n=221)
0.74 (0.52-1.06)
22.9 vs 19.8

HRD test negative (proficient)
PFS HR (95% CI)
Median PFS (PARPi vs control)

NR (n=249)
0.68 (0.49-.0.94)
8.1 vs 5.4

(n=277)
1.00 (0.75-1.35)

(n=249)
0.81 (0.60-1.09)
15.0 vs 11.5

The effectiveness of PARPi has been evaluated in 3 different biological subtypes
1. BRCAm
2. BRCAw but HRD high
3. HRD-
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Figure 4. HRD scores by BRCA status in Foundation Medicine 
(similar fig.1 TCGA; germline is also similar to somatic)

TW-10999_LYN_25/02/2020
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ARIEL3: PFS

1.0

0.6

0
0 24 36

Mos
12

0.4

0.8

186 30

0.2

HRD
Rucaparib
Placebo

Pr
ob

ab
ili

ty
 o

f P
FS

BRCA Mutant
Rucaparib
Placebo

ITT
Rucaparib
Placebo

Median, Mos 95% CI
Rucaparib (n = 130) 16.6 13.4-22.9
Placebo (n = 66) 5.4 3.4-6.7

HR: 0.23 (95% CI: 0.16-0.34; 
P < .0001)

Coleman. Lancet. 2017;390:1949. 

1.0

0.6

0
0 24 36

Mos
12

0.4

0.8

186 30

0.2

Median, Mos 95% CI
Rucaparib (n = 236) 13.6 10.9-16.2
Placebo (n = 118) 5.4 5.1-5.6

HR: 0.32 (95% CI: 0.24-0.42; 
P < .0001)

1.0

0.6

0
0 24 36

Mos
12

0.4

0.8

186 30

0.2

Median, Mos 95% CI
Rucaparib (n = 375) 10.8 8.3-11.4
Placebo (n = 189) 5.4 5.3-5.5

HR: 0.36 (95% CI: 0.30-0.45; 
P < .0001)

Slide credit: clinicaloptions.com

ARIEL3 trial
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Biomarker of PARP inhibitors in Ovarian Cancer 
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Effect of HRD

43

HRD
LOH TAI LST

SOPHiA GENETICS

Myriad myChoice® CDx FoundationOne® CDx ACT HRD

Genomic 
Integrity (GI)

Genomic Instability

Two different HRD test methodologies: (1) LOH, TAI and LST (2) GI
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44PPA: positive percent agreement; NPA: negative percent agreement; OPA: overall percent agreement 
Invalid: tumor purity < 40% for LOH or GIS interpretation, HRD status inconclusive in the respective cases

Performance

Definition of Positive with 
FDA-approved test:
BRCA1/2 mutation
or
GIS score ≥ 42 

Definition of Positive with 
ACTHRDTM:
BRCA1/2 mutation
or
LOH score ≥ 0.411
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Effect of HRD
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HRD
LOH TAI LST

SOPHiA GENETICS

Myriad myChoice® CDx FoundationOne® CDx ACT HRD

Genomic 
Integrity (GI)

Genomic Instability

Two different HRD test methodologies: (1) LOH, TAI and LST (2) GI
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Low-pass 全基因定序 (Low-pass WGS)

46
Adalsteinsson, V.A., et al., Nat Commun, 2017. 8(1): p. 1324

Gain

Deletion

Healthy donor

Patient

 若 copy number 有 gain or 
deletion，表示發生 CNV
(Copy Number Variation)，
DNA修復功能可能有問題

 已普遍應用於產前基因檢測
(NIPS)

 高通量、檢測速度快、範圍廣

WGS: whole genome sequence, 全基因定序
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如何尋找Low-pass 全基因定序圖像化特徵？跟誰做
對比？

47

AI深度學習Model

利用經Myriad 檢測為 HRD+ (超過3000人)之 low-pass WGS 圖形，來讓 AI

做深度學習：

從Myriad-confirmed HRD+病人的 low-pass WGS 圖像，找出 HRD+在 low-

pass WGS 中的圖像特徵，進而學習分析判斷 HRD status

HRD +

示意圖：

Adalsteinsson, V.A., et al., Nat Commun, 2017. 8(1): p. 1324

圖像特徵
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Concordance Data (預計 2022 Q2 發表 paper)

Preliminary Data (Internal Study)
The SOPHiA solution was assessed using 62 high-grade 
serous Ovarian Cancer samples

SOPHiA GENETICS

兩個檢測方法結果

皆為 Positive

兩個檢測方法結果

皆為 Negative

External Lab (will have peer to peer review publish)

• 53 samples passed SOPHiA DDM™ sample QA

• Observed concordance with HRD score (LOH + TAI + LST) : 94%
• 計畫收 > 100 個 sample 於 2022 Q2 發表 paper

Myriad

兩個檢測方法結果

皆為 Positive

兩個檢測方法結果

皆為 Negative11
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Trial Central Lab Trial Central Lab Local LDT 
Solution Kit Solution

Company Myriad Foundation ACT Genomics Illumina Amoy SOPHiA Roche (FMI) Thermo Fisher

Availability
In Taiwan

in market in market in market 2022.Q3 in market in market In market 2023 Q1

Validation/ 
Concordance

100%

Global trial use:
PAOLA-1
PRIMA

100%

Global trial use:
ARIEL3

95%
(N=36)

(concordance vs 
Myriad)

94.3 %
(N=194)

(concordance vs 
Myriad)

81.6%
(N=98)

(concordance vs 
Myriad)

> 90%
(N=337)

(concordance vs 
Myriad)

N/A N/A

Kit Solution

Sample 
in

Sample
assessment

Library
preparation

NGS
experiment

Data
analysis Report

Kit Solution

Current solution for HRD testing Overview
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Take home message
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Take home message

• 3. PARP i and patient selection
•

51

Trial SOLO-1 PRIMA PAOLA-1 GOG-218 

Patients enrolled HGSOC/HGEOC
Stage III: with one attempt at 
optimal debulking surgery (PDS 
or IDS)
Stage IV: with either a biopsy 
and/or PDS or IDS documented 
mutation in BRCA1 or BRCA2 
predicted/ suspected to be 
deleterious

HGSOC/HGEOC
Stage III: PDS with visible 
residual disease, NACT, or 
inoperable Stage IV: PDS 
regardless of residual disease, 
NACT or inoperable 

HGSOC/HGEOC
Stage III/IV: after completion of 
first-line surgery and platinum-
based CT + bevacizumab;
with/without residual disease 

All histology type, but 84% 
HGSOC
Stage III: with any gross 
(macroscopic or palpable) 
residual disease
Stage IV 
Start with platinum 
chemotherapy

Number of included patients 391 733 806 1873

1L treatment Response to Platinum 
chemotherapy

Response to Platinum 
chemotherapy

Response to Platinum 
chemotherapy + bevacizumab

Platinum 
chemotherapy+bevacizumab

FDA approval date 12/2018 4/2020 5/2020 6/2018

Median PFS (months) 56.0 vs 13.8 (ESMO 2020)
Δ PFS: 42.2

13.8 vs 8.2 
Δ PFS:5.6 

22.1 vs 16.6 
Δ PFS:5.5 

14.1(CT + bev throughout)  vs 
10.3(CT)
Δ PFS 4.7

• Trial 之前的選擇

• Histology

• Response to 
platinum
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Thank You
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