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Introduction

• Ovarian cancer is the leading cause of death among 
gynecological cancers.

• Germline mutations of BRCA1/2 are fundamental defects in 
hereditary ovarian cancer, accounting for about 10% of all 
cases.

• Recently, PARP inhibitor has been reported effective in 
patients with recurrent EOC and gBRCA mutation.

• Thus, appropriate personalized medicine for ovarian cancer 
now needs genetic information including BRCA status of the 
patients as well as their tumor characteristics.



BRCA1 and BRCA2

• BRCA1 (17q21) and BRCA2 (13q12-13) genes were first cloned in 
1994 (Miki et al.) and 1995 (Wooster et al.) as breast cancer 
susceptibility genes

Venkitaraman AR, Cell, 2002; 108:171–182
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• BRCA1/2 are involved in DNA repair, cell-cycle, checkpoint 
control, chromatin remodeling, transcription regulation and 
mitosis

Broad Functions of BRCA

Yoshida K, Cancer Sci 2004; 95: 866–871



Pathways for DNA Double-Strand 

Break Repair

Murphy CG, Cancer J 2010;16: 39–47



BRCA and DNA Repair

Welcsh PL, TIG 2000;16: 69-74



DNA Repair by HR and Cell Cycle

Foulkes WD, J Pathol  2013; 230: 347–349



BRCA Deficient Hereditary 

Ovarian Cancer

Bowtell DD, Nat Rev Cancer 2010; 10:803-808

Norquist BM, Cancer 2010;116:5261–71



Hereditary Ovarian Cancer

90% 

not hereditary

~5–10% ovarian 

cancers are hereditary

Gene BRCA1 BRCA2 MMR*

Associated 

lifetime risk

34–45% 13–21% 5–25%

*MMR (mismatch repair, associated with HNPCC)

Chen S, et al. J Clin Oncol 2007: 25:1329–33; Aarnio M, et al. Int J Cancer 1999: 81:214–8; 
Garber JE and Offit K. J Clin Oncol 2005; 23:276–292



High Grade Serous Ovarian Cancer

TCGA, Nature 2011; Swisher et al, PNAS 2011 in press; Turner, et al NatRevCancer 2004;  Weberpals, et al JCO 2008; 

Tan et al, JCO 2008;  Mendes-Pereira et al, EMBO Mol. Med. 2009
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“BRCAness” in EOC

• Relatively uniform phenotype characteristics like tumors 
with BRCA mutation

– High grade serous histology

– High overall response rate to platinum-based 
chemotherapy

– Long disease free interval

– Improved survival rate

– Higher incidence of visceral metastasis

• Recently, PARP inhibitor has been reported effective in 
patients with recurrent EOC and gBRCA mutation

Rigakos G, The Oncologist 2012;17:956-962



Survival of Patients with EOC 

According to BRCA1/2 Status

Bolton KL, JAMA. 2012;307(4):382-390



Bryant HE, et al. Nature 2005;434:913–7; Farmer H, et al. Nature 2005;434:917–21

Tumour-selective cytotoxity
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Poly(ADP-ribose) polymerase (PARP)

inhibition

• In the absence of PARP 

activity, DNA single-strand 

breaks (SSBs) go 

unrepaired, degenerate and 

form double-strand breaks 

(DSBs)

• This  accumulation of DSBs, in 

the absence of an alternative 

DNA repair mechanism, leads 

to cell death

• PARP inhibition selectively 

reduces viability and causes 

chromosome aberrations in 

BRCA-deficient tumours 



Progression-free survival in platinum sensitive recurrent 

patients according to BRCA mutation status after olaparib 

maintenance therapy 

Ledermann J et al., Lancet Oncol 2014; 15: 852–61



• Personal history of breast cancer + 
– Dx ≤ 45y

– Dx ≤ 50y with (additional primary, 1 close relative breast cancer,  unknown FHx)

– Dx ≤ 60y with triple negative breast cancer

– Dx with any age (≥1 close relative breast cancer Dx ≤ 50y, ≥2 close relative breast cancer at any 

age, ≥1 close relative EOC, ≥2 close relative pancreatic cancer and/or prostate cancer, a close 

male breast cancer, No FHx in higher mutation rate ethnicity)     

• Personal history of EOC 

• Personal history of male breast cancer

• Personal history of pancreatic cancer or prostate cancer with ≥2 close relative 

breast and/or ovarian and/or pancreatic or prostate cancer at any age  

• Individual from a family with a known deleterious BRCA1/BRCA2 mutation

• FHx only
– First-or second-degree relative with above criteria

– Third degree relative with breast cancer and/or ovarian cancer with ≥2 close relative breast cancer 

(at least one with breast cancer ≤ 50y)

Hereditary Breast and/or Ovarian Cancer Syndrome Testing Criteria



Reimbursement of BRCA Gene Testing 

in Korea  

From 30 April 2012 (Health Insurance Review and Assessment, HIRA), 

1. Personal history of breast cancer or ovarian cancer with ≥ one 1st

degree or 2nd degree blood relative of breast cancer and/or ovarian 
cancer 

2. Personal history of breast cancer and ovarian cancer

3. Personal history of breast cancer diagnosed ≤ 40y

4. Personal history of bilateral breast cancer

5. Personal history of breast cancer with multiple other primary cancer

6. Personal history of male breast cancer

7. Personal history of epithelial ovarian cancer 



gBRCA Mutation in Sporadic EOC 

in Korea

• Patients: 

– 37 sporadic EOC (21 HGSO)

• Methods: 

– PCR-DHPLC-sequencing

• Results: 

– gBRCA1 mutation (3746insA) was found in one patient 
(1/37, 2.7%; among HGSO 4.7%, 1/21) 

– gBRCA2 mutation: not found

– 32 polymorphisms were found without association with 
clinicopathological parameters

Kim YT, Gynecol Oncol 2005;585-590



gBRCA Mutation in EOC with and without 

Family History in Korea

• Patients: 

– 40 EOC patients with family history

• Personal history of ovarian and breast cancer 

• Personal history of ovarian cancer with ≥ one 1st  degree blood 
relative of breast cancer and/or ovarian cancer 

– 23 Patients without family history

• Methods: 

– Direct sequencing

• Results: 

– Patients with family history: gBRCA1 mutation 
(11/40, 27.5%), BRCA2 mutation (2/40, 5%)

– Patients without family history: gBRCA1 mutation (2/23, 8.6%)

Lim MC, J Cancer Res Clin Oncol 2009;135:1593-1599



Lim MC, J Cancer Res Clin Oncol 2009;135:1593-1599

gBRCA Mutation in EOC with Family History



Lim MC, J Cancer Res Clin Oncol 2009;135:1593-1599

gBRCA Mutation in EOC without Family History
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Dr. Kim JW Dr. Park SK

BRCA1/2 Testing: Direct whole gene sequencing



Patient Age Gene Site Mutation

S-107 41 BRCA1 Exon 10
c.2433delC(p.Lys812Argfs*3)

S-169 47 BRCA1 Exon 10
c.1823delA (p.Lys608Argfs*4)

S-174 51 BRCA1 Exon 13
c.4335_4338dupAGAA (p.Gln1447ArgfsX16)

S-184 54 BRCA2 Exon 15
c.7480C>T (p.Arg2494*)

S-200 56 BRCA2 Exon 15
c.7480C>T (p.Arg2494X)

S-231 58 BRCA1 Exon 10
c.3296delC(p.Pro1099Leufs*10)

S-286 48 BRCA1 IVS17
c.5074+1G>T

S-312 49 BRCA1 Exon 10
c.3627dupA (p.Glu1210Argfs*9)

S-322 47 BRCA1 Exon 10
c.922_924delinsT (p.Ser308*)

gBRCA Mutation Testing in SMC Gyn. Cancer Genetics Clinic 

- Patients with EOC and family history of ≥ 1 breast and/or ovarian cancer

- PCR-based direct sequencing of BRCA1/2

- 9/35 (25.7%) positive, 9/35(25.7%) equivocal

From SMC Cancer Genetics Clinic, Aug. 2014



gBRCA Mutation with Family History 

in Korea

• Patients: 

– 134 patients with breast cancer and/or ovarian cancer

• family history of ≥ 1 breast and/or ovarian cancer

• Breast cancer diagnosed ≤ 35y 

• Bilateral breast cancer

• Multiple organ cancer

• Methods: 

– PCR-Direct whole gene sequencing

• Results: 

– gBRCA1/2 mutation (31/134, 23.1%), 

– gBRCA1 sequence variation(13/134, 9.7%)

Jang JH, J Human Genetics 2012;57:212-215



Jang JH, J Human Genetics 2012;57:212-215

gBRCA Mutation with Family History 

in Korea



Palma M, Crit Rev Oncol Hematol 2006; 57: 1-23

Methods for gBRCA Mutation Screening



gBRCA1/2 Mutation in Patient with High 

Grade Serous Ovarian Cancer in Korea

• Patients 
– Screening for SOLO-1 trial 

– Random selection but several known mutation carriers included 

• gBRCA1 mutation: 26/96 (27.0%)
– 3746insA (4) 

– 3415delC (3)

– 1041del3insT (3)

• gBRCA2 mutation: 7/96 (7.2%)

• gBRCA1/2 mutation variant of uncertain significance: 9/96 (9.3%) 

Courtesy of Myriad 



Prevalence of gBRCA1/2 Mutation in 

Patient with EOC in Korea

Author No. of 

pts

Inclusion

criteria

Method gBRCA1 

mutation

gBRCA2 

mutation

Variants 

found

Kim YT 

(2005)

37 Sporadic PCR-DHPLC-

Seq

1 (2.7%) None 32 

polymorphism

Kim TJ 

(2005)

13 Familial Hx PCR-SSCP-

Seq

None Not done 3

Lim MC 

(2009)

40 Familial Hx PCR-Direct 

Seq

11/40 (27.5%) 3/40(7.5%) 7

23 Sporadic PCR-Direct 

Seq

2/23 (8.6%) None 4

SOLO-1* 

(2014)

96 Familial Hx

and sporadic 

HGSO

Myriad 

Integrated BRC 

analysis

26/96 (27.0%) 7/96 (7.2%) 9

SMC GCCC 

(2014)*

35 Familial Hx PCR-Direct 

Seq

7/35 (20.0%) 2/35 (5.7%) 9

Kim YT, Gynecol Oncol 2005;585-590, Kim TJ, Oncol Rep 2006; 15:565-569, Lim MC, J Cancer Res Clin Oncol 2009;135:1593-1599

* Not published



Challenges for BRCA Gene Testing

• Selection of the patient 

– Family Hx focused gene testing 

– High-risk feature targeted gene testing 

– Routine gene testing  

• Sensitivity of the test

• Cost and time frame

• Interpretation (uncertain significance 

variants)



Summary

• BRCA1/2 play a central role in HR dsDNA repair pathway and 

BRCA-defective cells are lethal to dsDNA damaging agents.

• BRCA1/2 mutations are the most common defect in hereditary 

ovarian cancer and frequently observed in high-grade serous 

ovarian cancer (14% germline and 6% somatic in TCGA data). 

• Prevalence of gBRCA1/2 mutation in Korean patients with epithelial 

ovarian cancer is estimated as about 25-33% with family history 

and about 10% without family history. Rate of BRCA mutation 

detection was varying according to the screening method and much 

higher rate of gBRCA mutation was found in recent SOLO-1 study.  



• With modern technology, rapid BRCA mutation screens are moving 

from highly specialized cancer clinics to the mainstream setting.

• A family history of cancer is an influential factor for performing a 

genetic test, but BRCA gene test should also be considered in the 

presence of high-risk feature such as high-grade serous 

ovarian cancer phenotype.

• Knowledge of BRCA status may influence the management of the 

patient, including decisions about specific targeted therapy like 

PARP inhibitor.

Summary



Thank you for your attention!

bgkim@skku.edu


