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Establishment of a Medical System 
with HBOC in Mind

Rika Narui, Kanae Taruno, and Seigo Nakamura

Abstract  It has been reported that 5–10% of breast cancers are hereditary, and 
about half of all hereditary breast cancer are hereditary breast and ovarian cancer 
(HBOC), which is caused by BRCA1 (breast cancer susceptibility gene 1) and 
BRCA2 (breast cancer susceptibility gene 2) mutations. When HBOC is identified 
in breast cancer patients, the prevention and treatment options include prophylactic 
surgery of the breast and ovary, screening for contralateral breast cancer with annual 
breast magnetic resonance imaging (MRI) surveillance, use of poly (ADP-ribose) 
polymerase (PARP) inhibitors, and genetic testing of relatives. Therefore, HBOC 
should be considered when treating breast cancer patients, and genetic testing 
should be suggested for patients who need BRCA1/2 gene testing. Once BRCA 
mutation is identified, it is necessary to support patients’ decision-making by pro-
viding information from multiple disciplines. The establishment of a surveillance 
system for BRCA1/2 mutation carriers who do not develop breast cancer will be an 
issue for future consideration.

Keywords  BRCA1/2 · Mastectomy · PARP inhibitor · Chemoprevention · HBOC · 
Genetic test

1 � Introduction

It has been reported that 5–10% of breast cancers are hereditary [1], and about half 
of all hereditary breast cancers are hereditary breast and ovarian cancer (HBOC), 
which are caused by BRCA1 and BRCA2 mutations [2]. BRCA1 and BRCA2 are 
tumor suppressor genes that contribute to DNA repair and transcriptional regulation 
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in response to DNA damage [3]. By the age of 70 years, the cumulative risks of 
breast cancer in BRCA1 and BRCA2 mutation carriers are 57% and 49%, while that 
of ovarian cancer are 39% and 17%, respectively [4]. The risk of developing contra-
lateral breast cancer within 20 years of initial breast cancer diagnosis in patients 
with BRCA1/2 mutations is reported to be 40% for BRCA1 and 26% for BRCA2 [5]. 
In the past, the focus has primarily been on breast and ovarian cancers, which have 
higher penetrance; however, recently, prostate cancer in men and pancreatic cancer 
in both sexes have also been reported to have higher penetrance than that in the 
general population [6–8]. The cumulative risks of prostate cancer in BRCA1 and 
BRCA2 mutation carriers are 29% and 60%, respectively [6]. When HBOC is identi-
fied in breast cancer patients, the prevention and treatment options include prophy-
lactic surgery, screening for contralateral breast cancer with annual breast magnetic 
resonance imaging (MRI) surveillance, use of poly (ADP-ribose) polymerase 
(PARP) inhibitors, and genetic testing of relatives. Therefore, HBOC should be con-
sidered when treating breast cancer patients, and genetic testing should be sug-
gested for patients who need BRCA1/2 gene testing.

1.1 � History of BRCA1/2 Clinical Practice in Japan

In 1994, BRCA1 was identified by Miki et al., and in 1995, BRCA2 was identified 
by Wooster et al. [9, 10]. Since then, various studies of BRCA1/2 genes have been 
conducted worldwide. In 2010, the project “Management for patients with HBOC 
and unaffected BRCA mutation carriers in Japan” was initiated by one of the research 
groups of the Japanese Breast Cancer Association. In 2012, the Japanese HBOC 
Consortium was established as a coproject involving breast oncologists, gynecolo-
gists, and geneticists. In 2016, the Japanese Organization for HBOC (JOHBOC) 
contributed to the improvement of preventive medicine by developing and expand-
ing the medical treatment system for HBOC for suspected patients and their fami-
lies. JOHBOC is associated with various academic societies, such as the Japan 
Society of Human Genetics, Japan Society of Obstetrics and Gynecology, and the 
Japanese Breast Cancer Society. The JOHBOC has contributed to the accreditation 
of HBOC treatment facilities, education and training on HBOC, registration of 
patients with HBOC, and surveys and research on HBOC. In 2017, the Guidebook 
for Diagnosis and Treatment of HBOC syndrome was published by JOHBOC. The 
guidebook recommends the BRCA1/2 genetic test for patients who met one of the 
following criteria: an individual with a known BRCA1/2 mutation in the family, 
breast cancer diagnosed at age 45 years or younger, breast cancer diagnosed at age 
60 years or younger with triple negative breast cancer, male sex diagnosed with 
breast cancer, two or more primary breast cancers on both sides or one side, blood 
relatives (within third-degree relatives) with breast cancer or ovarian cancer, an 
individual with ovarian, fallopian tube, or peritoneal cancer, companion diagnostics 
for using PARP inhibitor, and BRCA1/2 mutation suspected by tumor profiling. In 
2018, BRCA1/2 genetic test was used as a companion diagnostic for using PARP 
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inhibitor for patients with inoperable or recurrent breast cancer and human epider-
mal growth factor receptor 2 (HER2)-negative disease who had received prior che-
motherapy. The test was covered by health insurance. In 2020, BRCA1/2 genetic test 
for the diagnosis of HBOC was covered by health insurance for those who met one 
of the aforementioned criteria. Genetic counseling and surveillance of contralateral 
breast cancer with annual breast MRI were also covered by health insurance for 
breast cancer patients with BRCA mutation. Since BRCA1/2 genetic testing has 
been covered by health insurance, the number of BRCA1/2 genetic tests and contra-
lateral risk-reducing mastectomy (CRRM) is on the increase. The number of 
BRCA1/2 genetic tests increased from 54 in 2019 to 126 in 2020 in the breast center 
of Showa University Hospital; however, the data were obtained from a single facil-
ity. Approximately 28% of unilateral breast cancer patients who had BRCA1/2 
mutations between April 2020 and March 2021  in the breast center underwent 
CRRM.  In 2021, the HBOC clinical practice guidelines were published by the 
JOHBOC. These guidelines are expected to increase testing and treatment related to 
BRCA in the future.

1.2 � BRCA1/2 Genetic Test

BRCA1/2 genetic testing is usually performed on patients with a positivity rate of 
10% or more [11, 12]. There are some international guidelines and recommenda-
tions for genetic screening of BRCA [13]. In the United States, the National 
Comprehensive Cancer Network (NCCN) guidelines provide testing criteria for 
BRCA genetic testing [14]. Yadav et al. in the United States reported that approxi-
mately 47.9% of women with a diagnosis of invasive breast cancer (84.0%) or duc-
tal carcinoma in situ (16.0%) met the NCCN BRCA testing criteria [15]. Cropper 
et al. in the United States reported that the positive rate of the patients who fulfilled 
more than one NCCN testing criteria was approximately 10% [9]. In Europe, the 
European Society for Medical Oncology (ESMO) guidelines provide BRCA1/2 
genetic testing criteria [16].

In Japan, HBOC clinical practice guidelines were published in 2021. According 
to the guidebook, the criteria are considered to be odds ratio > 2 or BRCA1/2 muta-
tion detection factors of 10% or more from the data of Japanese breast cancer 
women without selection bias in the NCCN guidelines and the Japan HBOC 
Consortium’s simple check [17]. There is no report yet on the exact positive rate 
when this is applied to unbiased patients; therefore, further studies are necessary. 
Guo et al. reported that the selection criteria for BRCA1/2 testing and genetic coun-
seling have gradually loosened over time [18]. There are some reports that BRCA1/2 
testing is moving toward a wider range of subjects in the future [13, 19].

The number of BRCA1/2 genetic tests is increasing in clinical settings, and there 
are some future issues. First, multidisciplinary support is needed for decisions 
within a short period from the diagnosis of breast cancer to surgery (Fig.  1). A 
patient with a BRCA1/2 mutation must decide whether to undergo prophylactic 
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Fig. 1  The flow of breast cancer treatment when BRCA testing is performed. Multidisciplinary 
support is needed for decisions within a short period from the diagnosis of breast cancer to surgery

surgery within a short period prior to surgery. Therefore, it is necessary to support 
patient decision-making by providing information from multiple disciplines, includ-
ing doctors, genetic counselors, nurses, plastic surgeons, obstetricians, gynecolo-
gists, and other professionals. Second, it is necessary to follow-up the undeniable 
cases of other genetic mutations, even if BRCA1/2 is not mutated, and to lead them 
to genetic counseling and multigene panel testing. Individuals at risk of hereditary 
tumor syndromes should be informed about additional testing, including multigene 
panel testing. If there are no BRCA1/2 mutations, there should be collaboration with 
the genetic medicine department to perform the test for those who request for it.

1.3 � Risk Reduction Surgery

Contralateral risk-reducing mastectomy (CRRM) has been reported to reduce the 
risk of contralateral breast cancer [20–23]. Some studies have reported an improve-
ment in overall survival (OS) [20, 21], while others have reported no effect [23, 24]. 
Heemskerk-Gerritsen BA et  al. reported a prospective comparative study of 242 
patients who received CRRM and 341 who did not receive CRRM but did receive 
surveillance (median follow-up 11.4 years after breast cancer diagnosis) and found 
that the CRRM group had a lower mortality rate than the surveillance group with a 
risk-reducing salpingo-oophorectomy (RRSO)-adjusted hazard ratio (HR): 0.49 
(95% CI: 0.29–0.82) [21]. In a study of 698 breast cancer patients with BRCA1/2 
mutations (105 of whom underwent CRRM), Evans et al. reported an improvement 
in survival in the CRRM group (HR 0.37, P  =  0.008) with a median follow-up 
period of 9 years [20]. In contrast, Brekelmans et al. reported that CRRM did not 
improve the OS of 170 breast cancer patients with BRCA1 mutations [24]. Further 
investigation is required to determine the impact of CRRM on OS.

R. Narui et al.
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In 2019, Xiao et  al. reported a meta-analysis that RRSO lowered the risk of 
developing breast cancer in previously diagnosed breast cancer patients (BRCA1 
HR: 0.51, 95% CI: 0.20–0.83 and BRCA2 HR:0.24, 95% Cl: 0.05–0.52). Xiao et al. 
reported that RRSO could improve the OS of women with breast cancer (HR = 0.33, 
95% Cl: 0.28–0.38) [25]. The NCCN guideline states that the choice of CRRM for 
women should be discussed on a case-by-case basis, and RRSO should be per-
formed after completion of childbearing [14].

The number of prophylactic surgeries is expected to increase in the future, as 
BRCA genetic test is covered by health insurance in Japan. Several issues were also 
considered. First, the use of operating rooms is limited. Even if BRCA1/2 mutations 
are identified, prophylactic surgery cannot be performed at the same time as breast 
cancer surgery due to the lack of an operating room. Second, it is necessary to coop-
erate with other departments such as plastic surgery, obstetrics, and gynecology. 
Additional surgical options for primary breast cancer surgery include nipple sparing 
and breast reconstruction (Fig. 2). However, it is often difficult to coordinate the 
surgery time and schedules of various departments, and surgeries must be performed 
on separate days. Smooth and prompt collaboration among various departments and 
a flexible operating room management system are important to start the treatment of 
primary breast cancer without delay and to allow patients choose a surgical proce-
dure that satisfies their needs.

1.4 � Surveillance

Regarding surveillance of breast cancer, the NCCN guidelines recommend annual 
mammograms with consideration of tomosynthesis and breast MRI surveillance 
with contrast agent in those who are treated for breast cancer and have not had 

Fig. 2  An example of surgical options and time schedule for HBOC.  Since there are various 
options and the operating time varies accordingly, cooperation with other departments and sections 
is essential for smooth operation
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CRRM [14]. Previous reports have shown that surveillance with MRI has a higher 
sensitivity than conventional surveillance with mammography [26–28]. The HBOC 
clinical practice guidelines in Japan included a systematic review of three observa-
tional studies comparing survival rates for surveillance with and without breast 
MRI. Systematic reviews reported higher survival rates in the surveillance group 
with MRI than in the group without MRI (10-year survival 95.3 vs 87.7, 100 vs. 
85.5, 3-year survival 100 vs. 92). However, the number of cases was small, and the 
observation period was short. Thus, further studies are needed to evaluate the extent 
of improvement in survival [29–32]. Regarding surveillance of ovarian cancer, there 
are some studies on the sensitivity and specificity of screening, including transvagi-
nal ultrasound and CA-125. However, there is no evidence that these screenings are 
substitutes for RRSO screening. In the case of male breast cancer, screening for 
pancreatic and prostate cancer is required. BRCA1/2 mutation-positive men have 
been reported to develop prostate cancer at a younger age more frequently than the 
general population, with poor clinicopathological features, treatment outcomes, and 
prognosis [6, 33, 34]. Regarding surveillance of prostate cancer, the NCCN and 
HBOC practice guidelines recommend surveillance by PSA starting at age 40 years. 
Regarding surveillance of pancreatic cancer, ultrasound endoscopy and contrast 
agent MRI are recommended. The NCCN guidelines state that pancreatic cancer 
surveillance may contribute to down staging; however, long-term studies are needed 
to determine whether down staging leads to improved survival, and no clear screen-
ing method has yet been proposed. Regarding the surveillance of melanoma, there 
are no specific screening guidelines, but general melanoma risk management, such 
as annual full-body skin examination and minimizing UV exposure, is recom-
mended [14].

There are some future issues with surveillance. First, facilities for MRI and 
MR-guided biopsy are limited. In Japan, there are only 11 facilities where 
MR-guided biopsy is covered by health insurance (Jun 2022). In the future, it is 
necessary to develop facilities and train personnel to perform MR-guided biopsy. 
Second, screening for prostate and pancreatic cancers has not yet been established. 
Third, surveillance is not covered by the health insurance for BRCA mutation carri-
ers who have not developed breast cancer.

1.5 � PARP Inhibitor

PARP is an enzyme that repairs DNA single-strand breaks by repairing base breaks. 
When PARP is inhibited, single-strand DNA breaks accumulate, leading to double-
strand DNA breaks at the replication fork. Normally, these breaks are repaired by 
the homologous recombination double-stranded DNA repair pathway of the tumor 
suppressor proteins such as BRCA1 and BRCA2 [35, 36]. In cells with BRCA patho-
logical variants, DNA is not repaired, and PARP inhibitors induce cell death. A 
previous study (OlympiAD Clinical Trial) showed a significant increase in 
progression-free survival in the PARP inhibitor group compared with the standard 
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therapy group in patients with inoperable or recurrent breast cancer with BRCA1/2 
mutations and HER2-negative disease who had received prior chemotherapy (HR 
0.58, 95% Cl 0.43–0.80). The study did not show a significant increase in OS, but 
there was a trend toward improved OS [37]. In Japan, the use of PARP inhibitors in 
these patients was covered by health insurance in 2018.

A phase III trial (Olympia Clinical Trial) on the use of PARP inhibitors in patients 
with early stage breast cancer is also underway. The participants were high-risk 
early stage breast cancer patients who have germline BRCA1/2 mutations, HER2-
negative, and also received chemotherapy either preoperatively or postoperatively. 
The study showed a significantly longer invasive disease-free survival in the PARP 
inhibitor group than in the placebo group (HR 0.58, P < 0.001). Also, there was an 
improvement in OS (HR 0.68, P = 0.02) [38]. In the United States, the use of PARP 
inhibitors for these patients was approved by the Food and Drug Administration in 
March 2022. It is possible that these drugs will be covered by health insurance in 
Japan in the future.

1.6 � Chemoprevention

The use of selective estrogen receptor modulators, such as tamoxifen and raloxi-
fene, reduces the risk of invasive breast cancer in postmenopausal women consid-
ered at high risk of breast cancer [39–41]. One of the largest randomized trials on 
chemoprevention is the NSABP P-1 trial. The trial of 13,388 women with nonbreast 
cancer showed a reduction in the cumulative incidence of invasive breast cancer in 
the oral tamoxifen at 20 mg/day for the 5-year group compared with the placebo 
group after 7 years of follow-up (RR = 0.57, 95% CI = 0.46 to 0.70) [42]. However, 
tamoxifen toxicity, such as venous thromboembolic, endometrial cancer, and meno-
pausal symptoms, is problematic. It is reported that low-dose tamoxifen at 5 mg/day 
for 3 years reduces the risk of local and contralateral recurrence with a limited tox-
icity in breast intraepithelial neoplasia, such as atypical ductal hyperplasia (ADH), 
noninvasive ductal carcinoma of the breast (DCIS), and noninvasive lobular carci-
noma (LCIS) (HR, 0.48; 95% CI, 0.26 to 0.92; P = 0.02) [43]. Regarding BRCA1/2 
mutation carriers, there is a meta-analysis study that shows that tamoxifen reduces 
the incidence of contralateral breast cancer among BRCA1/2 mutation carriers 
(BRCA1/2:RR = 0.56, 95% CI = 0.41–0.76, BRCA1:RR = 0.47, 95% CI = 0.37–0.60, 
BRCA2:RR = 0.39, 95% CI = 0.28–0.54) [44]. A study is currently underway in 
Japan to evaluate the efficacy of oral tamoxifen prophylaxis in BRCA2 mutation 
carriers who have not developed breast cancer. Further accumulation of data on the 
preventive effects of tamoxifen is necessary in the future.

Establishment of a Medical System with HBOC in Mind
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1.7 � Beyond HBOC

Established breast cancer predisposition genes include ATM, BARD1, CDH1, 
CHEK2, NF1, PALB2, PTEN, RAD51C, RAD51D, and TP53 other than BRCA1/2. 
In a population-based case-control study of 32,247 women with breast cancer (case 
patients) and 32,544 unaffected women (controls) in the United States, the preva-
lence of pathogenic variants in 12 established breast cancer–predisposition genes 
(ATM, BARD1, BRCA1, BRCA2, CDH1, CHEK2, NF1, PALB2, PTEN, RAD51C, 
RAD51D, and TP53) was 5.03% (95% CI, 4.79–5.27) among case patients and 
1.63% (95% CI, 1.50–1.78) among controls. Among the case patients, the preva-
lence of pathogenic variants was high for BRCA2 (1.29%; 95% CI, 1.18–1.42), 
CHEK2 (1.08%; 95% CI, 0.98–1.20), and BRCA1 (0.85%; 95% CI, 0.76–0.96). The 
breast cancer risk of pathogenic variants in predisposition genes was high for 
BRCA1 (odds ratio, 7.62; 95% CI, 5.33–11.27), BRCA2 (odds ratio, 5.23; 95% CI, 
4.09–6.77), and PALB2 (odds ratio, 3.83%; 95% CI, 2.68–5.63) [45]. Momozawa 
et al. reported the prevalence of pathogenic variants in 404 (5.7%) breast cancer 
cases and 67 (0.6%) controls in a study of 7051 breast cancer cases and 11,241 
controls in Japanese. Among the case patients, the prevalence of pathogenic variants 
was high for BRCA2 (2.71%), BRCA1 (1.45%), PALB2 (0.40%), and CHEK2 
(0.37%). The breast cancer risk of pathogenic variants in predisposition genes was 
high for BRCA1 (odds ratio 33.0; 95% CI, 13.7–28.0), PTEN (odds ratio 17.6; 95% 
Cl, 2.6–753.3), BRCA2 (odds ratio 16.4; 95% CI, 13.7–103.8), and PALB2 (odds 
ratio 9.0; 95% CI, 3.4–29.7) [46]. Therefore, even if BRCA1/2 expression is nega-
tive, other genetic mutations may be present. Surveillance should be conducted with 
genetic mutations in moderate breast cancer risk genes, such as PALB2 and 
CHECK2. In addition, surveillance should be conducted for genetic mutations that 
significantly affect treatment and surveillance, such as Li-Fraumeni. The choice of 
cases to proceed with panel testing will be an issue for future consideration; how-
ever, BRCA1/2 genetic test is covered by health insurance in Japan.

1.8 � Genetic Test for Family

The NCCN guidelines recommend educating families and providing information 
about available resources and breast cancer risks. In Japan, a family member with 
BRCA1/2 mutation career can undergo BRCA1/2 genetic testing for the presence of 
specific mutations, but this is not covered by health insurance. It is reported that an 
annual incidence of breast cancer is 6.6% in unaffected BRCA1/2 mutation careers 
according to the report of JOHBOC. Surveillance is important for BRCA1/2 muta-
tion carriers who have not yet developed breast cancer; however, such examinations 
are not covered by the health insurance. Breast MRI is expensive, even though it is 
particularly effective in detecting early breast cancer. The establishment of a sur-
veillance system for BRCA1/2 mutation carriers who do not develop breast cancer 
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will be an issue for future consideration. In Japan, there are concerns such as insuf-
ficient information not offered to family members due to the nuclear family struc-
ture and accessibility to genetic medicine. It is expected that appropriate information 
will be provided in the future, for example, through the use of online medical 
services.

2 � Conclusion

The identification of HBOC is highly effective and beneficial to the patient, as it 
expands the scope of treatment and follow-up. Therefore, it is important for physi-
cians to provide medical care for HBOC.
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Guidelines for Diagnosis and Treatment 
of HBOC: Methods and Products

Atsuko Kitano

Abstract  This guideline was developed to support shared decision-making between 
individuals diagnosed with hereditary breast and ovarian cancer (HBOC) and health 
care providers regarding treatment and surveillance methods after diagnosis.

The values of genetic diseases are highly individualized, and in HBOC practice, 
“prophylactic removal” of healthy organs may be considered from the perspective 
of preventing the onset of the disease. Therefore, shared decision-making between 
the patient and the health care provider that takes into account diverse values is 
extremely important.

This guideline was prepared in compliance with the preparation method of “The 
Minds Clinical Guideline Preparation Manual 2017”. Physicians, nurses, genetic 
counselors, and patients from various disciplines involved in HBOC practice par-
ticipated in the development of this clinical guideline. After conducting a high-
quality systematic review, recommendations were developed from multiple 
perspectives. This chapter describes the methodology used to develop these 
guidelines.

Keywords  HBOC · Clinical guideline · Shared decision-making

1 � Purpose of the Guidelines

This guideline was developed to support shared decision-making between individu-
als diagnosed with hereditary breast and ovarian cancer syndrome (HBOC) (BRCA 
pathological variant carriers) and health care providers regarding post-diagnosis 
treatment and surveillance methods. The project was also designed to support 
shared decision-making between HBOC and diagnosed parties (BRCA pathological 
variant holders) and medical care providers regarding post-diagnosis treatment and 
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surveillance. In addition, due to the unique nature of the genetic disease, the impact 
of the disease on the blood relatives of the parties involved is not small. This guide-
line is also intended to support shared decision-making with the relatives of the 
patient regarding their choice to be informed, their choice to undergo genetic test-
ing, and the impact of the test results.

2 � Significance of Guideline Creation

Hereditary breast and ovarian cancer syndrome (HBOC syndrome, hereafter 
referred to as HBOC) is a cancer susceptibility syndrome including breast and ovar-
ian cancer caused by germline mutations in BRCA. In Japan, BRCA genetic testing 
was covered by insurance in 2018 for ovarian and breast cancer patients as a com-
panion diagnosis for therapeutic drug selection. In April 2020, BRCA genetic testing 
was extended to ovarian cancer patients and some breast cancer patients. In addi-
tion, risk-reducing surgery and surveillance are also covered by insurance for breast 
and ovarian cancer patients with BRCA1/2 pathological variants.

In recent years, genetic medicine has come to be utilized in actual clinical prac-
tice, and not only germ-line mutations but also somatic mutations are now covered 
by insurance, and analysis from both directions has led to the shift from conven-
tional treatment based on the primary site (e.g. breast cancer and lung cancer) to 
personalized treatment for the genes expressed in the cancer. This dual analysis has 
led to a shift from conventional treatment based on the primary site (breast cancer, 
lung cancer, etc.) to individualized treatment for the genes expressed in the cancer. 
In this trend, it is also necessary to deal with HBOC that are found as secondary 
findings. In particular, due to the unique nature of HBOC as a genetic disease, it 
affects not only the patient but also his/her blood relatives.

In various choices, guidelines to support shared decision-making by the parties 
concerned (BRCA pathological variant holders) and medical professionals, while 
respecting the values and individuality of the parties concerned, and involving them 
as a team, seem to be indispensable.

In Japan, a research group entitled “Study on the Elucidation of Clinical Genetic 
Characteristics of Hereditary Breast and Ovarian Cancer in Japan and Improvement 
of Life Outcomes Using Genetic Information” (principal investigator: Masami 
Arai) was organized under the Health and Labour Sciences Research (Comprehensive 
Research Project for the Promotion of Cancer Control). The research group’s 
research results were the “Guide to Hereditary Breast and Ovarian Cancer Syndrome 
(HBOC), 2017 Edition. The 2021 version of the guideline will adhere to the Minds 
“Practice Guideline Development Manual 2017” and will reflect the diverse values 
of BRCA variant holders and health care providers, and aim to be a guideline that 
can be used in decision-making.
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3 � Method of Preparation of These Guidelines

3.1 � Preparation Members

Three committee worked independently on this guideline: the “Supervisory 
Committee Member” who oversees the overall guideline, the “Guideline 
Development Committee Member” who drafts recommendations, and the 
“Systematic Review Committee Member” who conducts systematic reviews.

In addition to physicians, members included genetic nurses, certified genetic 
counselors, and statisticians. Specialty, gender, and geographic region were consid-
ered in the selection of the individuals.

3.2 � Establishment of Clinical Queries

In developing this guideline, the supervising committee members and guideline 
development committee members created a clinical algorithm for this area. Based 
on the practice algorithm, key clinical questions were set. For clinical questions that 
were not designated as BQs, PICO-style Clinical Questions (CQs) were created and 
a literature search was conducted. CQs for which the evidence was deemed insuf-
ficient to evaluate the total body of evidence as a CQ were designated as Future 
Questions (hereinafter referred to as FQs).

3.3 � Systematic Review and Evidence Synthesis

For each CQ, an evidence assessment sheet was used to evaluate the evidence for 
each outcome. The evidence evaluation sheet for each outcome assessed the risk of 
bias (selection bias, execution bias, detection bias, case attrition bias, etc.), ascen-
dancy, non-directness, non-consistency, imprecision, and publication bias. After the 
evidence evaluation for each outcome was completed, an evidence rating sheet for 
the total body of evidence was used to evaluate the total body of evidence for the 
entire CQ. On the evaluation sheet for the evidence synthesis, each CQ outcome 
was rated for risk of bias (selection bias, execution bias, detection bias, case attrition 
bias, etc.), inconsistency, imprecision, and publication bias to determine the strength 
of the evidence.

After generating the total body of evidence, a qualitative systematic review was 
conducted and SR reports were generated for each CQ.

The entire process from evidence selection to SR report generation was per-
formed independently by the SR committee members and did not involve the guide-
line development team.

Guidelines for Diagnosis and Treatment of HBOC: Methods and Products
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3.4 � Recommendation-Making

The recommendation-making meeting was held independently of the SR committee 
members and was attended by five physicians from the supervisory committee and 
three physicians from each area leader among the guideline development committee 
members. Also participating in the meeting were, in addition to the physicians, one 
nurse specialist in genetic nursing and one certified genetic counselor, and three 
representatives of the parties concerned also participated.

At the recommendation-making meeting, for each CQ to be discussed, the finan-
cial and academic conflicts of interest of the voters were disclosed, and committee 
members with conflicts of interest participated only in the discussion and did 
not vote.

The EtD frameworks of the GRADE system were used to create the recommen-
dations. The EtD frameworks use the following nine criteria to comprehensively 
evaluate the CQs from various perspectives.

Criterion 1. Priority of the problem.
Criterion 2. Desirable effects.
Criterion 3. Undesirable effects.
Criterion 4. Certainty of evidence.
Criterion 5. Values.
Criterion 6. Balance of effects.
Criterion 7. Cost-effectiveness.
Criterion 8. Acceptability.
Criterion 9. Feasibility.

Prior to the recommendation decision meeting, participants evaluated each CQ 
on their own using the EtD frameworks, and the editorial board members summa-
rized the pre-voting results and used them as materials for the recommendation 
decision meeting. At the recommendation decision meeting, all participants dis-
cussed and re-voted for each decision in the EtD frameworks. The final “type of 
recommendation” was decided. The content of the recommendation decision meet-
ing was clearly stated in the main text of the guideline, in an attempt to make the 
process of recommendation decision transparent.

All the meetings were held online, and the recorded recordings of the meetings 
were used as reference materials when writing the recommendations and explana-
tory notes.

4 � Type of Recommendation

Strong recommendation against the intervention in question.
Conditional recommendation against the intervention.
Conditional recommendation for either the intervention or the comparison.

A. Kitano
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Conditional recommendation for the intervention.
Strong recommendation for the intervention.
Conditional recommendation for either the intervention or the control” can only 

be selected if both the control and the intervention are recommended.

5 � External Evaluation

We received external evaluations from external evaluation committee members and 
related societies. Public comments were also solicited on the JSCE website. Public 
comments were solicited using the public comment solicitation support service pro-
vided by Minds.

The sections pointed out in the external evaluation were added and revised in the 
final version.

6 � Summary

This guideline was developed to support shared decision-making between HBOC 
patients and medical professionals regarding post-diagnosis treatment and surveil-
lance methods. In addition to physicians, various medical professionals were 
involved in the development of this document, and the parties were invited to par-
ticipate in the decision-making process for recommendations.

The creation of the study was done in full compliance with the Minds 2017 edi-
tion, which resulted in the creation of a high-quality evidence synthesis. In addition, 
the EtD framework was used to make recommendations based on a wide range of 
criteria.

We hope that this guideline will reach not only all medical professionals, but also 
HBOC patients and their families, and that HBOC treatment will be promoted based 
on satisfactory shared decision-making.

Guidelines for Diagnosis and Treatment of HBOC: Methods and Products
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HBOC from a Plastic Surgeon’s 
Perspective

Kenta Tanakura

Abstract  The year 2020 was a year of great change in hereditary breast and ovar-
ian cancer (HBOC) treatment in Japan, as the 2020 revision made testing, diagnosis, 
and risk-reducing surgery covered by public insurance. In Japan, the treatment, 
which has been performed in a limited number of facilities and on a limited number 
of patients, will become widely available. In breast cancer treatment, breast recon-
struction is performed as part of the treatment to facilitate acceptance of mastec-
tomy, which is the core of treatment. In the practice of HBOC, which also involves 
the healthy breast, the significance is even greater. The purpose of this article is to 
share our knowledge of breast reconstruction, including our experience in self-
funded treatment.

Keywords  Hereditary breast and ovarian cancer · Risk-reducing mastectomy · 
Breast reconstruction · Breast implant · Deep inferior epigastric artery perforator 
flap · Profunda femoris artery perforator flap · Fat graft · Life style · Life stage

1 � Breast Reconstruction in Japan

Breast reconstruction in Japan has been a self-funded procedure until prosthetic 
reconstruction was covered by insurance. 2013 saw the introduction of tissue 
expanders (TE) and breast implants (BI). The number of cases of one-stage recon-
struction with BI has increased to about 5000 in 2018 [1] (Fig. 1). The number of 
cases of primary first-stage reconstruction with BI was limited to nipple-sparing 
mastectomy and subpectoral reconstruction and remained at around 1000 cases per 
year. Together with autologous tissue reconstruction, breast reconstruction was tak-
ing root in Japan; the 2018 breast cancer practice guidelines issued by the Japanese 
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Fig. 1  Trends in breast reconstruction with breast implants in Japan, from insurance coverage in 
2013 to 2021, are shown. The total is shown as a line graph, and the classification by surgical occa-
sion is shown as a bar graph. Adapted from the annual report of the Japanese Oncoplastic Breast 
Surgery Society [1]

Breast Cancer Society stated, “Since almost all breast reconstruction procedures, 
including BI, are now covered by insurance, information must be provided to all 
patients who are eligible for such procedures.” As for autologous tissue reconstruc-
tion, according to the NDB open data, although the number of facilities performing 
the procedure and the numbers of cases are unevenly distributed by region, the total 
number of cases is generally less than 1900 per year, including free flaps and pedi-
cled flaps. In other words, about 8000 breast reconstruction procedures are per-
formed annually in Japan, with breast implant reconstruction accounting for 
three-fourths and autologous tissue reconstruction for one-fourth.

We can see that the number of reconstructions using BI, which was insured in 
2013, increased until 2018, but was halved by the “Allergan Crisis” in 2019, and has 
not returned to its previous number even after the launch of the replacement product.
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2 � RRM and Breast Reconstruction for HBOC in the Era 
of Self-Funded Treatment

In Japan, risk-reducing mastectomy (RRM) and risk-reducing bilateral salpingo-
oophorectomy (RRSO) for HBOC have been covered by insurance since April 
2020. As mentioned above, breast implant reconstruction, along with TEs, was cov-
ered by insurance in 2013, but because mixed treatment is not allowed by custom, 
patients who receive RRM at self-funded costs before 2020 were required to also 
receive breast reconstruction at self-funded costs. This made it extremely difficult 
for autologous tissue reconstruction, which is approximately 2–4 times more expen-
sive than breast implant reconstruction even on a public insurance point basis, to 
become an option. The author also experienced several RRM reconstructions during 
this period, but all of them were breast implant reconstructions, and none of them 
were autologous tissue reconstructions. The author’s first experience with breast 
reconstruction for an HBOC patient was at the Cancer Institute Hospital, where 
bilateral breast implant reconstruction was performed at her own expense for a 
BRCA2-positive woman in her 30s with heterochronic bilateral breast cancer [2]. 
The following figures (Figs. 2 and 3) are cases of breast reconstruction for HBOC 
patients during this period. These cases were two-stage reconstructions for synchro-
nous bilateral breast cancer or contralateral risk-reducing mastectomy (CRRM), but 
some cases were performed with NSM and direct-to-implant to reduce hospitaliza-
tion and cost.

a b c

Fig. 2  Female in her late 20s, BRCA1-positive. After bilateral total mastectomy for synchronous 
bilateral breast cancer, (a) she requested reconstructive surgery at her own expense. TEs were 
inserted in the bilateral breasts (b) followed by anatomical BIs. She is now 8 years postoperatively 
with no particular complications (c)

HBOC from a Plastic Surgeon’s Perspective
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a b

c

d

Fig. 3  A woman in her late 40s. She underwent a total mastectomy, sentinel node biopsy, and TE 
insertion for left breast cancer, followed by a BI replacement. (a) She subsequently tested positive 
for BRCA1 and requested CRRM and reconstruction at her own expense. A similar total mastec-
tomy and insertion of a TE was performed on the right side, but the patient developed an infection 
2 weeks postoperatively. Ultrasound revealed a fluid retention, which was punctured and submitted 
to culture. (b) Immediately, antibiotics were empirically started, and surgery was performed. After 
thorough debridement, (c) it was determined that immediate replacement of the TE was possible. 
Subsequently, the patient underwent replacement with a BI. Five years after the surgery, there have 
been no complications (d)

3 � BIA-ALCL and the “Allergan Crisis” in Japan

Since 2017, reports of breast implant associated anaplastic large cell lymphoma 
(BIA-ALCL) with a higher incidence in the macro-textured type with a larger sur-
face area [3], and further reports in 2019 [4] have led to the suspension of the sale 
of this type of implant in many countries [5–7], and on July 24, 2019, Allergan’s BIs 
and TEs with Biocell®, a macro-textured surface finish, were recalled worldwide 
[8]. The company was one of the three largest manufacturers in the United States 
and had some market share worldwide. In particular, in Japan, it was the only manu-
facturer approved for use under public insurance. The company’s product line was 
also discontinued in Japan, which meant that not only could breast reconstruction 
with BIs no longer be performed in that country, but also primary reconstruction 
using TEs could no longer be performed there. By the end of the same year, the 
smooth type was approved and reconstruction could resume. In 2021, the number of 
implant cases recovered to about 4500, but this is far from the 6500 that existed 
before the uproar [1] (Fig. 1).
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4 � Properly Fearing BIA-ALCL

BIA-ALCL is a rare T-cell lymphoma. It occurs around textured-type breast 
implants and has a lifetime incidence of 1/2207–1/86029 [4, 9].

It typically develops with enlargement associated with delayed seroma of the 
breast containing a breast implant. Symptoms include delayed seroma in 80% and 
mass in 40% [9, 10]. By April 2021, 993 cases had been reported worldwide.

It is difficult for patients as well as physicians to understand sensitively the risk 
of this disease, which accounts for less than 0.1% of cases. The following is the 
information necessary to correctly fear this disease.

Radiation-induced sarcoma is a very rare complication (that breast surgeons 
believe) that occurs after irradiation, most commonly angiosarcoma, with an inci-
dence of approximately 1/300 per decade [11]. Stewart-Treves syndrome, a vascular 
sarcoma associated with lymphedema, also has an incidence of 1/220–1/1400 at 
10–15  years [12, 13]. Both have a higher incidence than BIA-ALCL, are more 
aggressive, and have a poorer prognosis. However, these diseases are not screened for.

Next, let us look at breast cancer itself. The current lifetime incidence rate of 
breast cancer in Japan is 1/9 [14]. It is a disease with a 200-fold higher risk of devel-
oping breast cancer than BIA-ALCL. Breast cancer is therefore a target for cancer 
screening in Japan with the aim of improving prognosis. According to the Japan 
Cancer Society, the detection rate of breast cancer by this single breast cancer 
screening is 0.24%. It is important to keep in mind that even for a disease with such 
a high lifetime morbidity, the screening positive rate is so low. BIA-ALCL is not a 
suitable screening target because the incidence is too low. Biennial imaging screen-
ing, currently advocated by the Japan Oncoplastic Breast Surgery Society (JOPBS), 
is also intended to search for damage, which occurs in about 1/9 of 10 years [15, 16].

Current recommendations for intervention in symptomatic patients are appropri-
ate; algorithms by the NCCN and JOPBS have been proposed. For example, when 
approaching fluid retention and peri-implant masses, one should first keep in mind 
the exclusion of infection and local recurrence of breast cancer, which are by far 
more common than the rare disease of BIA-ALCL.

Also, total capsulectomy to prevent the development of BIA-ALCL is not rec-
ommended due to lack of evidence, as there have been cases of the disease occur-
ring after the procedure was performed [17].

5 � Breast Reconstruction After RRM After Insurance 
Coverage of RRM

The most significant feature of breast reconstruction for HBOC is that it is bilateral. 
Also, due to the fact that insurance coverage has only been available for a short time 
and cultural differences with Western countries, it will take time for patients to 
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accept bilateral simultaneous excision. We also need to consider CRRM cases with 
anisochronous defects.

The convenience and minimally invasive nature of BI reconstruction makes itself 
more convenient in the sense that bilateral reconstruction is not affected by the mor-
phology of the healthy side. The relatively young age of the patient also contributes 
to the advantage of BI when pregnancy is considered. However, recent quality of 
life studies based on patient-reported outcome measures, such as Breast-Q, have 
shown that autologous reconstruction is superior to BI reconstruction in long-term 
outcomes [18], and there is a possibility that the use of autologous reconstruction in 
younger patients will increase QALYs. In Japan, autologous tissue reconstruction 
for RRM has not been performed due to the burden of self-funded treatment, but 
insurance coverage has opened the way.

The most common autologous reconstruction is a skin flap using the lower abdo-
men, especially the deep inferior epigastric artery perforator flap (DIEP), which 
preserves the rectus abdominis muscle. The deep inferior epigastric artery, which 
feeds the rectus abdominis muscle, is usually used on one side for this flap, but it 
can be divided near the median line and the left and right sides can be harvested as 
separate skin flaps. Therefore, it can be used for bilateral reconstruction if both sides 
are reconstructed at the same time (Fig. 4). Conversely, it cannot be taken twice. In 
addition to concerns about pregnancy, the use of this procedure in young patients 
should be done with caution.

Another typical autologous reconstruction is the latissimus dorsi flap (LD), 
which is a pedicled flap from the back. This flap is capable of reconstructing mod-
erately sized breasts and has been used in combination with fat grafting in recent 
years. The LD muscles exist bilaterally and can theoretically be used for bilateral 

a b

c

d

Fig. 4  Female in her early 40s, BRCA2-positive. She underwent a left total mastectomy, CRRM 
(skin-sparing mastectomy) on the right and immediate bilateral reconstruction with a DIEP flap. 
(a) The resection weight was 336 g on the left with lesion and 224 g on the right. (b) Subsequently, 
the left lesion was reconstructed with a 364-g flap and the right lesion with a 250-g flap. (c) The 
patient was discharged without complications on postoperative day 6. The picture postoperative 
1 month. (d) 10 months later, an RRSO was performed laparoscopically
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reconstruction. However, because harvesting of them always requires repositioning 
of the patient, the actual application may be limited considering the multiple repo-
sitionings during simultaneous bilateral reconstruction.

A skin flap that has recently attracted attention and is often selected by the author 
is Profunda femoris Artery Perforator flap (PAP), a relatively new skin flap whose 
application to breast reconstruction was reported by Allen et al. [19] in 2012. The 
skin flap is harvested from the medial posterior thigh and uses the skin perforator 
flap of the femoral deep artery running within the adductor magnus muscle as the 
vascular stem. In our own experience, the average volume for Japanese patients is 
about 240 g, making it suitable for reconstruction of breasts of moderate volume. 
The unique feature of this skin flap is that it can be taken separately from the left and 
right thighs. Therefore, it can be used for reconstruction of metachronous bilateral 
breast cancer or CRRM. In addition, there is no concern about pregnancy, since the 
donor site is not in the abdomen. The skin flap is suitable for reconstruction of 
autologous tissue in young patients. In addition, the skin flap can be used to recon-
struct a large breast by taking skin flaps from both sides and using them to recon-
struct one breast.

6 � Fat Grafting

Fat grafting is a minimally invasive and scarless method of tissue transfer. Fat tissue 
is suctioned, purified in some way, and then injected into the desired area. Although 
fat grafting has been around for a long time, it was once shunned because of incon-
sistent results; however, after Coleman et al. proposed a refined method in the 1990s 
[20–22], it was reevaluated and widely used. In order to follow the current widely 
agreed-upon method, there is a limit to the amount of transplantation that can be 
performed in a single procedure in order to ensure safe and complication-free sur-
gery. Therefore, applications include touch-up of a breast reconstructed with BI or 
autologous tissue, modification of breast-conserving surgery, and whole-breast 
reconstruction that gradually gains capacity over multiple procedures.

First, touch-up of the reconstructed breast [23–25] is to eliminate the left-right 
difference that remains as a result of BI or flap reconstruction. Step-off deformity is 
more likely to occur during BI reconstruction and relatively small perforator skin 
flaps other than DIEP (e.g., thigh, buttock, and lumbar) in Japanese, where subcuta-
neous fat is thin and mastectomy skin flaps are often thin after mastectomy. 
Mastectomy remains an unavoidable and cornerstone treatment even in this era of 
highly advanced drug therapy. Breast reconstruction is performed as part of breast 
cancer treatment to reduce or eliminate the sense of loss and ease the psychological 
burden, making treatment easier to receive and accept. If the goal of breast recon-
struction is to rebuild the patient’s mind and life, for example, by improving the 
deformity of the medial breast or axillary folds, the patient can wear a V-neck or 
camisole as she did before surgery. The ultimate goal of breast reconstruction 
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surgery, the authors believe, is for the patient to forget that she had breast cancer. Fat 
grafting is an indispensable procedure for this purpose.

It can also be applied to correct deformities after breast conservation surgery 
[26]. Mildly depressed deformities are good candidates for fat grafting. In general, 
however, fat grafting for deformities after breast conserving surgery often requires 
the management of severe scarring. This is technically challenging and requires skill.

Total breast reconstruction with fat grafting is the closest to ideal reconstruction, 
but it is very challenging [27, 28]. Methods using TE, BI, and external negative 
pressure devices [29] have been reported. In any case, the breast after mastectomy 
is often thinnest in the area just below the nipple, which should be the projection 
top, and it is necessary to gradually increase the thickness of the tissue through 
multiple procedures. In most of the cases in our own experience, at least three cycles 
were required.

7 � Lifestyle and Life Stage

Three types of reconstruction for RRM of HBOC are presented: BI, autologous tis-
sue, and fat grafting. As mentioned above, there are reports of better QOL with 
autologous tissue reconstruction compared with BI reconstruction in the long term. 
Based on the treatment methods currently covered by insurance in Japan, it would 
be better for patients to undergo autologous tissue reconstruction at some point in 
their lives. However, it is necessary to take into account that the incidence of breast 
cancer in Japan is bimodal, with the age range of 45 and 65 years [30], and that 
many of the patients who are eligible for reconstruction are women in their 40s. 
They are very busy in both career and child-rearing aspects. The fact that hospital-
ization for autologous tissue reconstruction in Japan is generally two weeks, and 
that it still takes about four weeks postoperatively to return to physical labor, along 
with the fear of a new scar at the donor site, make it clear that autologous tissue 
reconstruction is not an option for all women. This is where the value of simple, 
minimally invasive BI reconstruction is found. On the other hand, in addition to low 
satisfaction, BI reconstruction has the inevitable complication of rupture.

Consider the case of a woman in her mid-40s who opted for BI reconstruction 
due to her busy schedule, only to discover 15 years later that her BI had ruptured. At 
this point in her life, she has finished raising her children and is heading toward 
retirement from her job. If she is forced to undergo reconstructive surgery at such a 
time, the previously unobtainable option of autologous reconstruction becomes a 
reality.

In other words, lifestyle limits the reconstructive options available. And even for 
the same patient, the options will change as the patient progresses through life 
stages. Breast reconstruction is a life-long necessity, and reconstructive surgeons 
are required to consider the patient’s lifestyle and life stage and to provide breast 
reconstruction that is in harmony with the patient’s life.
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Serous Tubal Intraepithelial Carcinoma 
(STIC) and Precancerous Lesions 
in Risk-Reducing Salpingo-oophorectomy 
(RRSO) Specimens

Kenta Masuda and Daisuke Aoki

Abstract  Risk-reducing salpingo-oophorectomy (RRSO) is recommended for 
women with a BRCA1 or BRCA2 (BRCA1/2) pathogenic variant because there is no 
effective surveillance method for ovarian cancer. RRSO has been shown to not only 
reduce the risk of developing ovarian cancer but also to reduce cancer mortality. It 
is known that a certain percentage of occult cancer that could not be diagnosed pre-
operatively, an early cancer lesion called serous tubal intraepithelial carcinoma 
(STIC), or precancerous lesions called serous tubal intraepithelial lesion (STIL) and 
p53 signature are seen in fallopian tubes and ovaries. However, the clinical signifi-
cance of STIC, STIL, and p53 signature is not well established. In this chapter, we 
summarize the reports about these lesions found in RRSO specimens with the aim 
of helping clinical management and future research.

Keywords  Risk-reducing salpingo-oophorectomy (RRSO) · Sectioning and 
extensively examining the fimbriated end (SEE-FIM) protocol · High-grade serous 
carcinoma (HGSC) · Occult cancer · Serous tubal intraepithelial carcinoma (STIC) 
· Serous tubal intraepithelial lesion (STIL) · p53 signature · TP53

1 � Introduction

To reduce the risk of ovarian cancer, risk-reducing salpingo-oophorectomy (RRSO) 
is recommended for women with a known BRCA1/2 pathogenic variant, typically 
between 35 and 40 years, and upon completion of childbearing [1]. Since 2020 in 
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Japan, women diagnosed as hereditary breast and ovarian cancer (HBOC) and who 
developed breast cancer are able to undergo RRSO as part of national health insur-
ance. Therefore, it is expected that RRSO will be performed more frequently in 
Japan. A guide for performing RRSO by national health insurance is summarized on 
the webpage of the Japan Society of Gynecologic Oncology [2].

When the fallopian tubes and ovaries removed by RRSO are properly evaluated, 
an occult cancer that could not be diagnosed preoperatively or an early cancer lesion 
called serous tubal intraepithelial carcinoma (STIC) may be found. In addition, pre-
cancer lesions, such as serous tubal intraepithelial lesion (STIL) or p53 signature, 
may be found. However, there is no consensus on the clinical significance and man-
agement of these early lesions. In this article, we briefly described HBOC, ovarian 
cancer, and RRSO, then summarized the pathological evaluation of RRSO speci-
mens, and what is known about STIC and precancerous lesions found in RRSO 
specimens.

2 � HBOC and Ovarian Cancer

Women with pathological variants of the BRCA1/2 gene have been shown to have 
an increased risk of developing cancers of the ovary, fallopian tube, and peritoneum. 
A meta-analysis showed the mean cumulative ovarian cancer risks of women with 
BRCA1/2 variant at age 70 years were 40% (95% CI = 35–46%) for BRCA1 and 
18% (95% CI = 13–23%) for BRCA2 variant carriers [3]. A large prospective cohort 
study of 6036 BRCA1 and 3820 BRCA2 female variant carriers showed that the 
cumulative ovarian cancer risks to age 80 years were 44% (95% CI = 36–53%) for 
BRCA1 and 17% (95% CI = 11–25%) for BRCA2 carriers [4]. In Japan, a large case-
control study of 63,828 patients with 14 common cancer types and 37,086 controls 
from multi-institutional hospital-based registry showed the cumulative risk of ovar-
ian cancer to age 85 years was estimated 65.6% (95% CI = 12.8–86.4%) for carriers 
of pathogenic variants in BRCA1 and 14.8% (95% CI = 4.6–23.9%) for carriers of 
pathogenic variants in BRCA2 [5].

Of four main histologic subtypes of epithelial ovarian cancer, high-grade serous 
carcinoma (HGSC) had the highest prevalence in women with pathological variants 
of BRCA1/2. HGSC is the most common and most lethal ovarian malignancy. 
HGSC shows papillary or solid growth patterns in histology, and most HGSC cases 
have TP53 mutation as a key molecular abnormality [6]. As there are no effective 
screening methods and symptoms with ovarian cancer are minimal, most patients 
with HGSC are diagnosed as advanced disease and have a poor prognosis [7, 8].

HGSC is thought to arise from the distal fallopian tube, whereas other subtypes 
of ovarian cancer are thought to arise from ovarian surface epithelium or cortical 
inclusion cysts. Serous tubal intraepithelial carcinomas (STIC) found in the distal 
fallopian tube are suspected to be the precursor lesion of HGSC with sharing TP53 
mutations as well as p53 abnormal immunohistochemistry(IHC) in STICs and 
HGSC [9–11].
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3 � Significance of RRSO and Pathological Examination

The lack of effective methods for early detection of ovarian cancer and the poor 
prognosis in advanced ovarian cancer have led to the recommendation of RRSO for 
women with pathological variants of the BRCA1/2. The effectiveness of RRSO in 
reducing the risk of ovarian cancer in women with pathological variants of the 
BRCA1/2 has been reported in a meta-analysis showing an approximately 80% 
reduction (HR = 0.21; 95% CI = 0.12–0.39) in the risk of ovarian or fallopian tube 
cancer by RRSO [12]. An observational study of 5783 women with BRCA1/2 muta-
tion showed that RRSO reduced not only risk of ovarian, fallopian tube, and perito-
neal cancer by 80% (HR = 0.20; 95% CI = 0.13–0.30), but also all-cause mortality 
by 77% (HR = 0.23; 95% CI = 0.13–0.39) [13]. The NCCN guideline recommend 
that RRSO is performed typically between 35 and 40 years for women with BRCA1 
pathogenic variant. Since ovarian cancer onset tends to be later in women with 
BRCA2 pathogenic variant, it is reasonable to delay RRSO between 40 and 45 years 
of age in women with BRCA2 pathogenic variant, unless age at diagnosis of ovarian 
cancer in the family is earlier age [1].

In studies of women with BRCA1/2 pathogenic variant who underwent RRSO, it 
has been reported that occult cancers and precancerous lesions called STIC were 
identified in fallopian tubes and ovaries removed by RRSO and in some cases only 
detected by pathologic examination of specimens. If occult cancer is identified in the 
RRSO sample, the patient requires further clinical management as a cancer patient 
such as a surgical staging procedure, thus RRSO specimens require particularly care-
ful pathological evaluation. “Sectioning and Extensively Examining the FIMbriated 
end” (SEE-FIM) protocol have been developed to maximize the detection of small 
occult cancers and precancerous lesions for pathologic assessment of fallopian tubes. 
The protocol is as follows: The fimbriated end is sectioned longitudinally and com-
bined with the remainder of the tube sectioned at 2- to 3-mm intervals [14, 15]. The 
ovaries should also be carefully sectioned, processed, and assessed [16].

4 � Occult Cancer in RRSO Specimens

Several studies showed occult cancers that could not be diagnosed preoperatively 
might be found in the fallopian tubes and ovaries removed by RRSO. The incidence 
of occult cancers varies between 2 and 12% and is influenced by the age of the 
patients at surgery, the type and quality of screening before RRSO, the adequacy of 
the surgery, and the histopathological examination [13, 16–22]. Regarding the age 
of the patients at surgery, a report of 5783 women in BRCA1/BRCA2 who under-
went RRSO showed the prevalence of ovarian, fallopian tube, and peritoneal can-
cers found during RRSO was 1.5% for those younger than 40 years of age, 3.8% in 
those between the ages of 40 and 49  years, and 5–7% in those between 50 and 
60  years, which increased with age [13]. A meta-analysis including thirty-four 
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articles showed 61.3% of occult cancers occurred in the fallopian tubes and 32.3% 
in the ovaries, and 81.5% were in the early stages [23]. In Japan, the frequency of 
occult cancers found during RRSO was reported 2.6% and 10%, which is consistent 
with previous data [24, 25].

When occult cancer is identified, the patient requires further clinical manage-
ment as a cancer patient; therefore, the risk of occult cancer identification should be 
explained for the patient in advance when performing RRSO.

5 � Precancerous Lesions in RRSO Specimens

5.1 � STIC

STIC lesions were originally identified in the fallopian tubes of patients undergoing 
RRSO for women with BRCA1/2 pathogenic variant [26, 27]. The diagnostic pro-
cess for STIC requires the identification of abnormalities in the fallopian tube epi-
thelium. A systematic review article showed the six most frequently mentioned 
criteria for abnormal morphological features of STIC were (1) loss of polarity, (2) 
nuclear pleomorphism/atypia, (3) high nuclear-to-cytoplasmic ratio, (4) mitotic 
activity, (5) pseudostratification, and (6) prominent nucleoli [28]. In WHO classifi-
cation, STIC is characterized by abnormal morphological features (high N/C ratio, 
nuclear enlargement, pleomorphism, hyperchromasia, lack of ciliated cells, loss of 
polarity with or without epithelial stratification, and occasional mitotic figures), 
aberrant p53 expression, and increased Ki-67 immunostaining (>10%) [29].

In RRSO specimens, the incidence of STIC varies from 0% to 11.5% (Table 1), 
which wide range could be related to the small sample size of the published studies, 
the variability in definition of STIC, the varying age of patients and percentage of 
BRCA1/2 pathogenic variant, and the rare event of STIC [30–36].

5.1.1 � STIC in RRSO Specimens

There is currently no standardized management for STICs identified in RRSO spec-
imens. In NCCN guideline, management options consist of (1) observation alone 
with or without CA-125 testing when no evidence of invasive cancer is noted and 
(2) surgical staging with observation or chemotherapy if invasive cancer is noted. It 
is not clear whether surgical staging and/or adjuvant chemotherapy is beneficial for 
women with STIC [37]. ESMO guideline mentioned peritoneal restaging should be 
considered in cases of incidentally detected, apparently isolated STIC lesions, 
although the level of evidence is low [38].

It has been suggested that the risk of primary peritoneal cancer may be increased 
when STIC is found in RRSO specimens. In a systematic review of 78 cases of 
STIC in RRSO specimens, 3 cases (4.5%) were found to have primary peritoneal 
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cancer. However, due to the lack of a large number of cases, its clinical significance 
is not yet clear [31, 39].

5.1.2 � STIC Coexisting with HGSC

STIC has been seen not only in RRSO specimens but also in the fallopian tubes of 
patients with HGSC. Several papers have shown that when STIC and HGSC coex-
ist, they share a common TP53 mutation, and STIC is now considered to be an early 
lesion of HGSC [40, 41]. However, not all patients with HGSC have STIC lesions 
in the fallopian tubes. A meta-analysis of 10 studies with 1643 patients with HGSC 
reported concurrent STICs with HGSCs in 31% (95% CI, 17–46%) of the resected 
fallopian tubes with frequencies ranging from 11% to 61% across studies [42]. In 
papers examining whether there is a difference in the characteristics of HGSC with 
or without STIC, there was no difference in the prognosis or genomic profiling 
including somatic copy number aberrations, messenger RNA, and micro-RNA, of 
HGSC with or without STIC [43, 44].

One model to explain the carcinogenesis mechanism of HGSCs without STIC is 
“precursor escape” model. It is proposed that early non-malignant precursor cells 
from the fallopian tube harbors a TP53 mutation are shed in the peritoneal cavity 
and become malignant intraperitoneally and transform into HGSCs (ovarian cancer, 
fallopian tube cancer, and primary peritoneal cancer) [45–47].

5.1.3 � STIC in Benign Gynecological Specimens

STICs have been reported to be identified not only in patients undergoing RRSO 
with BRCA1/2 pathogenic variant or patients with HGSC but also in fallopian tube 
specimens removed for benign gynecological diseases. A population-based data in 
Canada showed STIC was detected in 8 (<0.1%) of 9392 cases with benign diagno-
ses [48]. In NCCN guideline, discovery of an STIC should prompt a genetics evalu-
ation for women without prior genetic counseling and/or testing [37].

5.2 � STIL, p53 Signature

Other aberrant lesions in fallopian tube epithelium have also been identified such as 
serous tubal intraepithelial lesions (STIL) and p53 signatures. Morphologically nor-
mal areas with aberrant p53 expression have been termed p53 signatures. STILs are 
areas of atypia that fall short of the criteria required for a diagnosis of STIC.

To distinguish STIC, STIL, and p53 signatures, a model has been developed that 
a combination of morphological suspicion of STIC and the results of p53 and Ki-67 
stains [49]. Another approach presented is a decision tree that begins by identifying 
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altered epithelium (SCOUTS), followed in subsequent steps by the presence of 
cilia, p53 immunostaining patterns, cell polarity, and finally atypia [47].

5.2.1 � Frequencies of STIL and p53 Signature (Table 1)

More frequently seen in RRSO specimens is p53 signatures than STIL. The fre-
quency of the p53 signature in RRSO samples was within the range of 11%–71% in 
previous reports [50–53]. A review article reported that an estimated incidence of 
p53 signatures was 16.2% (95% CI = 2.2–39.7%) and an estimated incidence of 
STIL was 1.6% (95% CI = 0.3–3.8%) in women with BRCA1/2 pathogenic vari-
ant [28].

The p53 signature has been reported to be often found in fallopian tubes other 
than those of patients with BRCA1/2 pathogenic variant. Of the 113 patients with 
benign gynecological/obstetric patients at low risk of ovarian cancer, the p53 signa-
ture was identified in 21 patients (19%). In this report, the incidence of the p53 
signature was significantly lower in parous women and pregnant women [54]. Other 
reports showed no significant difference was observed in the frequency of p53 sig-
nature between BRCA mutation carriers and controls [33, 55].

5.2.2 � Significance of p53 Signature and STIL

The clinical significance of the identification of the p53 signature and STIL in 
RRSO specimens is currently uncertain. To assess the pathological significance of 
the p53 signature, we conducted DNA sequencing for TP53 variants of p53 signa-
tures in 13 patients with pathogenic variants of BRCA1/2 who underwent RRSO and 
in 17 control patients with the benign gynecologic disease. The proportions of 
pathogenic variants were significantly different between RRSO samples and con-
trols (p < 0.001). These results suggest that the characteristics and risk of carcino-
genesis might be different between p53 signatures in RRSO specimens and p53 
signatures in controls. The result suggests that there might be 2 types of p53 signa-
tures, one with a low risk of progression to STIC as seen in the control group and 
the other p53 signature with TP53 pathological variants found in women with 
BRCA1/2 pathogenic variants [55].

6 � Future Prospective

Currently, RRSO is recommended for women with BRCA1/2 pathogenic variants to 
reduce the risk of ovarian cancer after completion of childbearing in these women; 
however, it has become increasingly difficult to perform RRSO at the recommended 
age due to the recent aging of the childbearing years. Therefore, there is a need to 
develop other options.
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One approach is to improve surveillance methods before RRSO. Since women 
harboring STIC or precancerous lesions with TP53 pathogenic variant with 
BRCA1/2 pathogenic variants are at high risk of developing ovarian cancer in the 
future, detection of STIC or p53 signature with TP53 pathogenic variant may be 
applicable to early detection of ovarian cancer. In some studies, direct sampling of 
normal fallopian tubes and detection of precancerous and early invasive tumors by 
biomarkers detected in Pap smears and vaginal secretions have already been 
attempted [56, 57].

Another approach is biliteral salpingectomy with delayed oophorectomy as an 
alternative to RRSO, otherwise known as prophylactic salpingectomy with delayed 
oophorectomy (PSDO), since the fallopian tubes have been shown to be a major 
origin of ovarian cancer [58]. The risk of surgical menopause is expected to be 
avoided, while maintaining the risk reduction effect of ovarian cancer by removing 
fallopian tubes. The concern for the procedure is that women are still at risk of 
developing ovarian cancer. In addition, in premenopausal women, oophorectomy 
reduces the risk of developing breast cancer, but the magnitude is uncertain. To 
clarify these concerns, several large clinical trials are ongoing (NCT01907789, 
NCT02321228, and NCT04251052).
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Mutual Feedback Between Gynecological 
HBOC Practice and Cancer Genomic 
Medicine

Ayumi Shikama

Abstract  This article discusses the practice of gynecological hereditary breast and 
ovarian cancer (HBOC) and cancer genomic medicine in Japan. Recently, two sig-
nificant changes in the field were emerging, including the approval of poly (ADP-
ribose) polymerase (PARP) inhibitors for ovarian cancer and the inclusion of HBOC 
practice in public insurance coverage. Especially, the clinical use of PARP inhibi-
tors for patients with ovarian cancer has been increasing, given the evidence of 
prognostic improvements in previous clinical trials. According to the increase in 
PARPi treatment, the biomarkers that determine their efficacy, including platinum-
sensitivity status, BRCA1/2 testing, and SNP-based genomic scar assays, have been 
widely adopted for clinical testing. Unfortunately, there is no biomarker that accu-
rately reflects the tumor behaviors when the treatment is needed. The development 
of a biomarker that can predict the effect of PARP inhibitors in real time must be 
desired.

Keywords  PARP inhibitors · Homologous recombination deficiency (HRD) · 
Platinum-sensitive ovarian cancer · BRCA1/2 testing · SNP-based genomic 
scar assays

1 � Introduction

In recent years, there have been two major changes in gynecological HBOC prac-
tice. First, poly (ADP-ribose) polymerase (PARP) inhibitors were approved for 
ovarian cancer. Second, HBOC practice was partially covered by public insurance, 
including BRCA genetic testing for all patients with ovarian cancer. That increases 
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the opportunities for gynecologic oncologists in Japan to be involved with HBOC 
women in daily practice. This article outlines the gynecological HBOC practice and 
cancer genomic medicine.

2 � Characteristics of HBOC Ovarian Cancer

Ovarian cancer has been increasing due to lifestyle changes. It is one of the cancers 
with a poor prognosis, with a 5-year survival rate of 60% [1]. The distribution of 
histopathologic types in ovarian cancer is different between Japan and abroad [2, 3]. 
Although high-grade serous cancers are the most common in Europe and the United 
States, high-grade serous cancers and clear cell cancers are equally common in 
Japan. Clear cell cancers and endometrioid cancers are arising from endometriosis 
and have a high incidence of somatic mutations in ARID1A and PIK3CA [4]. On 
the other hand, TP53 somatic mutations are detected in about 90% of high-grade 
serous cancers [5, 6]. In addition, somatic mutations in homologous recombination 
repair genes such as BRCA1/2, ATM, and PALB2 are also frequently detected [7]. 
Since serous cancers were incidentally found in the fallopian tube when an HBOC 
woman underwent risk-reducing salpingo-oophorectomy, the fallopian tube is now 
considered to be the origin of serous cancers [8].

The frequency of HBOC-related ovarian cancer in Japan is about 15% of all 
ovarian cancers (about 10% for BRCA1 and about 5% for BRCA2), but it is about 
30% of high-grade serous cancers and about 25% of advanced stage III-IV disease 
[9]. HBOC-related ovarian cancers do not differ from those of sporadic ovarian 
cancers, and clinicians cannot figure out candidates of HBOC patients; all ovarian 
cancer patients are recommended BRCA1/2 gene testing for the purpose of HBOC 
diagnosis. In these days, the change that BRCA testing covered by public health 
insurance in Japan makes the ovarian cancer patients access easier to genetic testing.

3 � PARP Inhibitor

In 2005, it was first reported that PARP inhibitors showed specific antitumor effects 
against BRCA1/2 mutant cancer cells [10]. BRCA1/2 is one of the homologous 
recombination repair genes which repair DNA double-strand break. PARP works in 
the base excision repair of DNA single-strand breaks. PARP inhibitors prevent 
single-stranded DNA breaks repair. In BRCA1/2-mutant cells, double-stranded 
DNA is also not repaired, and cellular death is induced. This drug mechanism is 
called synthetic lethality (Fig. 1). Another antitumor effect of PARP inhibitors is 
that PARP trapping, which forms a PARP-DNA complex, causes PARP to keep at 
the DNA break site, thereby displacing the site where DNA repair factors work [11]. 
Currently, several PARP inhibitors are in development, and it has been reported that 
there is a correlation between PARP trapping and the antitumor effect of each PAPR 
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Fig. 1  Synthetic lethality

inhibitor. Furthermore, the allosteric effects of PARP inhibitors have been found to 
cause differences in the affinity of PARP-DNA binding, suggesting that they may 
cause differences in each PAPR inhibitor [12].

Considering the mechanism of PARP inhibitors, not only BRCA1/2 but also 
homologous recombination repair genes such as ATM, PALB2, BRIP1, CHK1/2, 
and RAD51C/D can cause the failure of double-stranded DNA damage repair, and 
thus, PARP inhibitors are expected to be effective. Therefore, evaluating homolo-
gous recombination deficiency (HRD) may allow for an appropriate selection of 
patients to receive PARP inhibitors.

4 � Biomarkers of PARP Inhibitors

4.1 � Platinum-Sensitivity Status

HRD tumors have been shown to be highly sensitive to platinum-based chemo-
therapy, which is commonly used as a standard treatment for patients with ovarian 
cancer [13]. Platinum-sensitivity status has been established as a biomarker to pre-
dict PARP inhibitor benefit.

The Study19 evaluated the efficacy of olaparib versus placebo as a maintenance 
treatment in patients with platinum-sensitive, recurrent ovarian cancer in complete 
or partial response after platinum-based chemotherapy. Of 265 enrolled patients, 
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patients in the olaparib group had a significantly longer median duration of 
progression-free survival than those in the placebo group (8.4 vs. 4.8 months; HR 
0.35; 95% confidence interval [CI], 0.25–0.49; P < 0.001) [14]. The benefit of PARP 
inhibitors as maintenance treatment in patients with platinum-sensitive, recurrent 
ovarian cancer was also reported for the use of niraparib in the NOVA study [15] 
and rucaparib in the ARIEL3 study [16].

4.2 � BRCA1/2 Testing

In clinical trials investigating PARP inhibitor maintenance therapy in frontline and 
platinum-sensitive recurrent ovarian cancer, it is consistent that the subgroup of 
patients with BRCA1/2 mutations had the greatest benefit from PARP inhibitor 
maintenance therapy. Within the SOLO1 study investigating the efficacy of olaparib 
maintenance therapy in frontline ovarian cancer patients with BRCA1/2 pathogenic 
variants, the patients in the olaparib group had a significantly longer median dura-
tion of progression-free survival than those in the placebo group (56.0 vs. 
13.8 months; HR 0.33; 95% CI, 0.25–0.43; P < 0.001) [17].

The benefit of PARP inhibitors as maintenance treatment in frontline settings 
was also reported for the use of niraparib in the PRIMA study [18] and rucaparib in 
the ATHENA MONO study [19]. It is relevant that BRCA1/2 testing exhibits good 
clinical validity by identifying the subgroup of ovarian cancer patients who have a 
great benefit from PARP inhibitor maintenance therapy.

Of all ovarian cancer patients, germline mutations of BRCA1/2 are found in 15%, 
and somatic mutations of BRCA1/2 are found in 5–7% [20, 21]. Despite limited 
data, a similar PARP inhibitor benefit was observed for the patients with both germ-
line and somatic BRCA1/2 mutations. In daily practice, BRACAnalysis® (Myriad) 
is utilized for detecting germline BRCA1/2 mutations, and FoundationOne is uti-
lized for detecting somatic mutations.

4.3 � SNP-Based Genomic Scar Assays

Genomic scars are considered an indirect measure of HRD because tumors with 
HRD represent genomic instability induced by DNA repair deficiency. Several 
genomic scar assays have been evaluated in prior clinical trials.

The most common SNP-based genomic scar assay is myChoice CDx® (Myriad), 
which combines tumor BRCA mutation and genomic instability (GI) score, which is 
calculated by large-scale transitions (LST), loss of heterozygosity (LOH), and telo-
meric allelic imbalance (TAI). GI score was scored on a scale of 0–100, and the 
cutoff score was set to be 42. Any tumors that scored ≧ 42 or had BRCA1/2 muta-
tions were considered to be HRD. The PRIMA study investigated the efficacy of 
niraparib maintenance therapy in frontline ovarian cancer patients and used 
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myChoice CDx® (Myriad) as the biomarkers. Within the PRIMA study, niraparib 
maintenance therapy in the patients having a tumor with HRD is more effective than 
in those having a tumor with HRP [18]. Within the PAOLA study,

HRD determined by myChoice CDx® (Myriad) in the olaparib group had a sig-
nificantly longer median duration of progression-free survival than those in the pla-
cebo group (56.0 vs. 13.8 months; HR 0.33; 95% CI, 0.25–0.43; P < 0.001) [20].

The other common SNP-based genomic scar assay is FoundationOne CDx® 
(FoundationOne Medicine), which evaluates the ratio of a genomic region with 
LOH determined through SNP sequencing. The cutoff has differed from 14% to 
16% in each clinical trial.

The ATHENA study investigated whether rucaparib was effective as a first-line 
maintenance treatment for advanced ovarian cancer and used FoundationOne CDx® 
to evaluate the HRD status. The primary endpoint of investigator-assessed PFS was 
assessed in a step-down procedure first in the HRD population (the patients with 
BRCA mutant or LOH high carcinoma) and then in the intent-to-treat (ITT) popula-
tion. Among the HRD population, the PFS was superior in the rucaparib group 
compared to the placebo group.

(28.7 vs. 11.3  months; HR 0.47; 95% CI, 0.31–0.72; P  =  0.0005) [17]. In 
ATHENA mono, the effectiveness of rucaparib was also revealed in the ITT popula-
tion (rucaparib vs. placebo; 20.2 vs. 9.2  months; HR 0.52; 95% CI, 0.40–0.68; 
P < 0.0001). However, the median PFS in the rucaparib group was longer in the 
HRD population than in the ITT population. Similar results were revealed in the 
ARIEL2 study [22] and the ARIEL3 study [16]. Rucaparib has not been approved 
in Japan.

Therefore, we only clinically use myChoice CDx® for companion diagnosis in 
primary advanced ovarian cancer.

5 � New Candidates for Evaluating HRD Status

5.1 � Homologous Recombination Repair (HRR)-Related 
Gene Mutations

Loss of function mutations in HRR-related genes, which encode important roles in 
the HRR pathway, including ATM, PALB2, BRIP1, CHK1/2, RAD51C/D, and 
Fanconi anemia genes, have been recognized as key causes of HRD in ovarian can-
cers [23]. ARIEL2 trials have shown that RAD51C mutations or methylations were 
associated with long-term responses to PARP inhibitor therapy [24]. Study 19 
reported similar findings that HRR-related genes, including CDK12, RAD 51B, and 
BRIP 1 [25]. On the other hand, Takaya reported conflicting data that ATM, ATR, 
FANCA, CANCD2, FANCM, or PALB2 mutations were not associated with HRD 
or platinum sensitivity based on the analyses of ovarian cancer TCGA data [26]. So 
far, no HRR-related genes have been established as biomarkers for PARP inhibitor.

Mutual Feedback Between Gynecological HBOC Practice and Cancer Genomic Medicine



52

An increased lifetime risk of breast and ovarian cancer has been also reported for 
other HRD-related genes besides BRCA1/2. The identification of new HRD-related 
genes in the search for biomarkers for PARP inhibitors may lead to the identification 
of new disease susceptibility genes, morbidity risks, and preventive measures.

5.2 � Mutation Signatures

The different mutation processes produce unique combinations of mutation types, 
called “mutation signatures.” The profile of each signature is displayed using 6 
substitution subtypes: C > A, C > G, C > T, T > A, T > C, and T > G. In addition, 
96 possible mutations are considered by incorporating information on the imme-
diate 5′ and 3′ bases of each mutated base. Mutation signatures are displayed and 
reported based on the observed 3-base frequency of the human genome. Each 
signature provides additional information such as the type of cancer for which the 
signature was discovered, the etiology of the mutational process underlying the 
signature, and characteristics of other mutations associated with each signature. 
Among 30 mutational signatures in COSMIC, Signature 3 (Fig.  2) has been 
reported to be associated with HRD [27]. Especially, Signature 3 is strongly asso-
ciated with germline and somatic BRCA1/2 mutations in breast, pancreatic, and 
ovarian cancers. The signature profile could be used as a biomarker for PARP 
inhibitor in the future.

Unfortunately, there is no biomarker that accurately reflects the tumor behaviors 
when the treatment is needed. The development of a biomarker that can predict the 
effect of PARP inhibitors in real time must be desired.

Fig. 2  Mutation signature 3
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6 � Clinical Use of PARP Inhibitors for Ovarian Cancer 
in Japan

Figure 3 shows clinical use of PARP inhibitor for ovarian cancer in Japan. The 
opportunities of PARP inhibitor treatment are increasing. Furthermore, several clin-
ical trials for PARP inhibitor in ovarian cancer are ongoing, so it will be more 
widely used in the future.

Fig. 3  (a) The treatment of advanced ovarian cancer (b) Treatment of recurrent ovarian cancer

a
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7 � Conclusion

In recent years, ovarian cancer patients who were previously difficult to treat have 
come to benefit from PARP inhibitors. As in the development of PARP inhibitor, 
research of hereditary tumors is important not only to improve our understanding of 
the disease but also to provide the opportunity for novel therapies.
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Heterogeneities in Hereditary Cancer 
Genes as Revealed by a Large-Scale 
Genome Analysis

Yukihide Momozawa

Abstract  BRCA1 and BRCA2 are considered top runners in personalized medicine. 
However, limited information on target cancer types, clinical interpretation of 
genetic variants, and prevalence in different populations prevents from taking 
advantage of its full potential in clinical practice. In this chapter, we reanalyzed all 
genetic data of >66,000 individuals on breast, prostate, pancreatic, colorectal, and 
renal cancers in the Japanese population to better compare these cancer types, with 
which we discussed about various heterogeneities to improve personalized medicine.

Keywords  Hereditary cancer · BRCA1 · BRCA2 · Japanese · Heterogeneity · 
Targeted sequencing

1 � Background

1.1 � Limited Information on Personalized Medicine for BRCA1 
and BRCA2

“Personalized medicine is an emerging practice of medicine that uses an individu-
al’s genetic profile to guide decisions made in regard to the prevention, diagnosis, 
and treatment of disease” according to the National Human Genome Research 
Institute in the United States. BRCA1 and BRCA2 are recognized as the top runners 
of personalized medicine. Genetic testing of these genes started in the 1990s [1], but 
not all necessary information, such as target cancer types, clinical interpretation of 
genetic variants, prevalence in different populations, and efficacy of poly (ADP-
ribose) polymerase (PARP) inhibitors, was available.

Y. Momozawa (*) 
Laboratory for Genotyping Development, RIKEN Center for Integrative Medical Sciences 
(IMS), Yokohama City, Kanagawa, Japan
e-mail: momozawa@riken.jp

© The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2023
D. Aoki et al. (eds.), Practical Guide to Hereditary Breast and Ovarian Cancer, 
https://doi.org/10.1007/978-981-99-5231-1_6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-5231-1_6&domain=pdf
mailto:momozawa@riken.jp
https://doi.org/10.1007/978-981-99-5231-1_6


60

When BRCA1 and BRCA2 were identified, target cancer types were breast and 
ovarian cancers [2, 3]. Although prostate [4] and pancreatic cancers [5] are consid-
ered established, in addition to breast and ovarian cancers [6], more target cancer 
types have been proposed in various studies [7–12]. When considering the surveil-
lance of carriers with pathogenic variants, target cancer types provide very impor-
tant information. However, there is insufficient evidence to change clinical 
guidelines about BRCA1/2.

Interpretation of genetic variants is challenging. Due to next-generation sequenc-
ing, the patient’s DNA is normally analyzed to sequence all coding regions of 
BRCA1 and BRCA2, instead of genotyping some founder pathogenic variants shared 
by many patients. As a result, many genetic variants have been identified. However, 
doctors and patients want to know if there is a pathogenic variant that increases the 
risk of breast and ovarian cancers among the many genetic variants. As functional 
and in silico assays alone cannot determine pathogenic variants, classification sys-
tems using several types of data, such as its frequency in various populations, com-
putational, functional, and segregation data, are used. The American College of 
Medical Genetics and Genomics and Association for Molecular Pathology (ACMG/
AMP) guidelines are generally considered as standard [13], while the evidence-
based network for the interpretation of germline mutant alleles (ENIGMA) guide-
lines are more specific for BRCA1 and BRCA2 [14]. However, a large proportion of 
genetic variants, particularly rare non-synonymous variants, could not be annotated. 
These are known variants of uncertain significance (VUS) [15]. VUS are considered 
a barrier to personalized medicine because a patient cannot have accurate informa-
tion on genetic risk. To decrease the number of VUS, more information about clini-
cal information and family history from patients and controls should be accumulated; 
this is an issue that is yet to be resolved. In addition, federated analysis was recently 
realized to prompt it by “bringing the code to the data”: analyzing the sensitive 
patient-level data computationally within its secure home institution and providing 
researchers with valuable insights from data that would not otherwise be accessi-
ble [16].

The frequency of pathogenic variants in BRCA1 and BRCA2 differs across popu-
lations [17]. This difference is partially due to the presence of founder pathogenic 
variants. A founder pathogenic variant originating from one or more ancestors is 
observed with high frequency in a group that has been geographically or culturally 
isolated. For instance, the founder pathogenic variants 185delAG and 5382insC in 
BRCA1 and 6174delT in BRCA2 increased the frequency of pathogenic variants in 
BRCA1 and BRCA2 in Ashkenazi Jews [17]. Because of this high frequency, popu-
lation screening has been proposed. The prevalence of pathogenic variants in vari-
ous populations should therefore be determined to develop the best strategy to 
decrease the risk caused by both genes [18].

As discussed above, although genetic testing of BRCA1/2 began more than a 
quarter of a century ago, the available information is still insufficient. This situation 
is even worse for other hereditary cancer genes as their information is limited for 
clinical use [19].
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1.2 � Importance of Large-Scale Data

Several concerns have been raised for personalized medicine with pathogenic vari-
ants in hereditary cancer genes. However, germline pathogenic variants could pro-
vide a risk estimation for each cancer type before the onset of each cancer and 
reveal a new mechanism to develop cancer, leading to the development of targeted 
drugs, such as PARP inhibitors [20]. Therefore, genetic analysis of rare pathogenic 
variants should be encouraged for various cancer types. In addition, the prevalence 
and clinical characteristics of each cancer type vary across populations and coun-
tries [21, 22], as well as the distribution and frequency of rare pathogenic variants 
[17]. The difficulty is that most pathogenic variants are very rare; the frequency of 
the most common pathogenic variant in BRCA1 (p.Leu63*) is ~0.02% (=1/5000) in 
cancer-free controls [23]. Therefore, large-scale genetic data (i.e., several thousand 
samples or more) on the association between each cancer type and hereditary cancer 
genes should be investigated in each population/country. Two studies published in 
the New England Journal of Medicine in 2021 analyzed >100,000 samples regard-
ing the association between breast cancer and 28–34 hereditary cancer genes [24, 
25]. Although these associations have been investigated in several studies [19], the 
publication of the above-mentioned studies in this journal in 2021 analyzed 
>100,000 samples, which is considered clinically important by the New England 
Journal of Medicine.

2 � Risk and Frequency of Pathogenic Variants in 27 
Hereditary Cancer Genes

To overcome the difficulties as mentioned above and to improve personalized medi-
cine, we performed targeted sequencing of 8–27 genes in 7051 cases with breast 
cancer [23], 7636 cases with prostate cancer [26], 1005 cases with pancreatic cancer 
[27], 12,503 cases with colorectal cancer [28], 1532 cases with renal cancer [29], 
and up to 23,705 controls in five different studies. All samples were collected from 
BioBank Japan between 2003 and 2018. In the present chapter, we reanalyzed all 
the data together, which enabled us to perform a direct comparison between the 
studies.

2.1 � BioBank Japan

BioBank Japan was established as a multi-institutional hospital-based registry that 
collects DNA, plasma from peripheral blood leukocytes, and clinical information 
from patients with 51 common diseases [30–32], including 14 cancer types (biliary 
tract, breast, cervical, colorectal, endometrial, esophageal, gastric, liver, lung, 
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lymphoma, ovarian, pancreatic, prostate, and kidney), from all over Japan. Most 
samples were mainly analyzed in a genome-wide association study (GWAS) [33], 
and the single-nucleotide polymorphism (SNP) array data and statistical summaries 
obtained were deposited at the National Bioscience Database Center (NBDC; 
https://humandbs.biosciencedbc.jp/hum0014-latest) and RIKEN (http://jenger.
riken.jp/en/) databases. These data contribute to an international collaboration using 
meta-analysis to identify genome loci associated with various diseases and pheno-
types [34].

2.2 � Sequencing

The appearance of next-generation sequencing in 2006 allowed producing a much 
larger amount of genetic data with dramatically decreased costs. For whole-genome 
sequencing (WGS) of one individual, the cost decreased from $100 million in 2000 
to $1000  in 2020 (https://www.genome.gov/about-genomics/fact-sheets/DNA-
Sequencing-Costs-Data). In terms of time consumption, WGS took several years in 
2000 but only 1–2 days in 2020. However, WGS for genetic testing is rare. Targeted 
sequencing is normally used to analyze specific genes. Although WGS provides 
sequence data from the entire genome, ~98% of the whole genome is not translated 
into protein sequences [35]. In addition, most of the genetic variants in these non-
coding regions are nearly impossible to interpret using the current biological knowl-
edge. The remaining 2% correspond to coding regions of approximately 20,000 
genes but only a few of these genes are known to increase the risk of certain cancer 
types. Considering the time and cost of WGS, targeted sequencing to analyze the 
coding regions of specific genes is the most reasonable option for genetic testing.

Several targeted sequencing methods have been developed. Our group has used 
targeted sequencing based on multiplex PCR [36] (Fig. 1). First, we designed primer 
pairs to amplify specific targets. In our breast cancer study [23], for instance, we 
designed 471 primer pairs to cover all the coding regions of 11 genes not overlap-
ping with known common variants. After optimization of the multiplex PCR with 
300–1000 primer pairs in a single PCR reaction, we perform a multiplex PCR to 
amplify the target regions. As the second PCR, we added adaptor sequences, for use 
in the Illumina sequencer, and eight-base-pair (bp) barcoding sequences to distin-
guish each individual. A major advantage of this method is the use of a normal 384-
well PCR plate and manipulation robot, which dramatically speeds up library 
preparation. We then pooled and sequenced all DNA libraries on the Illumina next-
generation sequencers HiSeq2500 and NovaSeq6000. Based on the barcoding 
sequences, the obtained sequencing data were allocated to each individual. 
Bioinformatic analysis then revealed the genotyping data of each individual. Our 
custom scripts have been deposited at https://github.com/Laboratory-for-
Genotyping-Development/TargetSequence.
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Fig. 1  Multiplex-PCR based targeted sequencing method our group developed. (1) We design 
primer pairs to cover all the cording regions of candidate genes, and we perform a multiplex PCR 
with 300–1000 primer pairs to amplify the target regions. (2) We add adaptor sequences for the 
Illumina sequencer and barcode sequences to distinguish each individual. (3) We pool and sequence 
all DNA libraries on the Illumina sequencer. (4) Based on the barcode sequences, each sequence 
read is allocated to each individual and bioinformatics analysis reveal genotyping data
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2.3 � Clinical Interpretation of Genetic Variants

Targeted sequencing identified genetic variants in the coding regions. However, 
genetic variants are largely divided into pathogenic variants, benign variants, and 
VUS based on various rules and guidelines. More detailed classifications have also 
been used, such as likely pathogenic, likely benign, protective, association, and drug 
response [37].

Guidelines established by the ACMG-AMP [13] include 16 evidence for patho-
genic and 12 evidence for benign variants, consisting of association results, known 
clinical significance information, population data, computational data from in silico 
experiments, and functional data. However, because detailed methods are not 
defined, several inconsistencies between laboratories have been reported [38]. In 
addition, new information such as population frequency and functional test results 
and the revision of guidelines could change clinical significance [39], but there are 
very few examples of large changes between pathogenic and benign variants [40].

BRCA1/2-specific guidelines have also been developed using ENIGMA [14]. 
ClinVar collected interpretations of variants from researchers and genetic test com-
panies [37]. As an alternative, loss of function variants such as nonsense and frame-
shift variants or pathogenic variants registered in ClinVar could be considered 
pathogenic. In this case, new pathogenic missense variants would be missed; how-
ever, this method is acceptable in a top clinical journal [24].

2.4 � Unified Analysis of >66,000 Individuals with Five 
Cancer Types

We have published papers on breast [23], prostate [26], pancreatic [27], colorectal 
[28], and renal [29] cancers. However, several details of analytical methods, such as 
the number of genes, the number of controls, annotation of clinical significance, and 
association analysis, varied according to each study concept, design, and reviewers’ 
requests, which hinders direct comparisons of cancer types. In the present study, we 
jointly reanalyzed 7091 female breast cancer patients, 7743 prostate cancer patients, 
1009 pancreatic cancer patients, 12,578 colorectal cancer patients, 849 renal cancer 
patients, and 38,161 controls. To increase the statistical power, controls had no per-
sonal or family history of cancer. We considered the loss-of-function (LoF) variants 
or pathogenic variants deposited in ClinVar as pathogenic variants. Although we 
used data from all patients to calculate the carrier rate of pathogenic variants, only 
data from patients without a family history of cancer were used to estimate the dis-
ease risk more precisely as used in our recent study [41].
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2.5 � Risk and Frequency of Pathogenic Variants

Table 1 shows the carrier frequencies of the pathogenic variants in each gene for 
each cancer type. In female breast cancer patients, BRCA2 (1.322%) and BRCA1 
(2.754%) showed a carrier frequency > 1%, as in other cancer types. For instance, 
BRCA2 in prostate cancer (1.097%), ATM in pancreatic cancer (1.682%), and 
BRCA2 in pancreatic cancer (2.374%).

Disease risk was also calculated again (Table 2). In female breast cancer, five 
genes showed P < 0.05: BRCA2 [P = 5.83 × 10−24, odds ratio (OR) = 8.7, 95% con-
fidence interval (CI): 5.7–13.3], BRCA1 (P  =  4.98  ×  10−9, OR  =  10.3, 95% CI: 
4.7–22.4), PTEN (P  =  8.56  ×  10−4, OR  =  15.5, 95% CI: 3.1–77.9), CHEK2 
(P = 2.47 × 10−3, OR = 3.5, 95% CI: 1.6–7.8), and PALB2 (P = 2.85 × 10−3, OR = 4.0, 
95% CI: 1.6–9.8). When these data were compared with the largest dataset of breast 
cancer (>113,000 women) [25], the results were similar; although OR was different, 
the 95% CI overlapped between both studies. In the original study [23], TP53, NF1, 
and ATM also showed P < 0.05. The differences could be explained by the lower 
statistical power in this current analysis, which focused only on cases without a 
family history. These three genes should be investigated in a larger sample size 
study to estimate disease risk.

In prostate cancer, we identified only BRCA2 with P < 0.05 (P = 8.06 × 10−8, 
OR = 4.2, 95% CI: 2.5–7.1). In the original paper [26], HOXB13 (OR = 4.73, 95% 
CI: 2.84–8.19) and ATM (OR = 2.86, 95% CI: 1.63–5.15) also showed P < 0.05. 
Note that BRCA1 did not show P < 0.05, even in the original study with higher sta-
tistical power using controls without a family history of cancer. BRCA1 and BRCA2 
are dealt with together very often, but there is a large difference in the risk of pros-
tate cancer between BRCA1 and BRCA2. This was observed in several populations 
[4, 42]. Currently, the Japanese insurance allows for the genetic testing of both 
genes, but the difference in therapeutic effects should be carefully investigated in 
future studies.

Regarding the inconsistency between the current calculations and that in the 
original study [26], missense variants in HOXB13, especially p.Gly132Glu, contrib-
uted to increased disease risk, and the current analysis failed to reveal this associa-
tion because we focused only on the LoF and pathogenic variants in ClinVar. 
p.Gly132Glu was shared by individuals and was considered a founder pathogenic 
variant. Interestingly, different founder pathogenic variants have been observed: 
p.Gly84Glu in European [43] and p.Gly135Glu in Chinese [44] populations. A 
recent functional study of p.Gly84Glu revealed HOXB13 recruits histone deacety-
lase 3 (HDAC3) to suppress de novo lipogenesis and inhibit tumor metastasis in the 
pathogenesis of prostate cancer [45]. This is a good example on how a gene with 
high risk identified using genetic analysis allows revealing a new disease mecha-
nism, which will hopefully lead to the development of a disease-specific drug such 
as a PARP inhibitor [46].

In pancreatic cancer, BRCA2 (P = 1.67 × 10−9, OR = 9.8, 95% CI: 4.7–20.6), 
ATM (P = 3.47 × 10−4, OR = 6.5, 95% CI: 2.3–18.0), and BRCA1 (P = 6.09 × 10−3, 
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Table 1  Carrier frequency of pathogenic variants in five cancer types in the Japanese population

Female breast Prostate Pancreatic Colorectal Renal Control
Sample 7091 7743 1009 12,578 849 38,161

Carrier frequency (%)
APC – – 0.000 0.164 0.000 0.008
ATM 0.300 0.292 1.682 0.271 0.119 0.166
BARD1 – – 0.099 0.036 0.000 0.053
BMPR1A – – 0.000 0.000 – 0.000
BRCA1 1.322 0.168 0.692 0.178 0.237 0.069
BRCA2 2.754 1.097 2.374 0.407 0.474 0.221
BRIP1 – 0.133 0.099 0.221 0.000 0.134
CDH1 0.020 – 0.000 0.021 0.000 0.013
CDK4 – – 0.000 0.000 0.000 0.003
CDKN2A – – 0.099 0.007 0.000 0.008
CHEK2 0.250 0.186 0.099 0.136 0.119 0.090
EPCAM – – 0.099 0.029 0.000 0.021
HOXB13 – 0.009 0.000 0.021 0.000 0.024
MLH1 – – 0.000 0.236 0.000 0.005
MSH2 – – 0.099 0.335 0.000 0.021
MSH6 – – 0.000 0.364 0.000 0.042
MUTYH – – 0.198 0.186 0.119 0.166
NBN 0.060 0.150 0.198 0.107 0.119 0.132
NF1 0.110 – 0.000 0.071 0.000 0.050
PALB2 0.371 0.080 0.297 0.100 0.000 0.053
PMS2 – – 0.000 0.079 0.119 0.045
PTEN 0.130 – 0.099 0.021 0.000 0.021
RAD51C – – 0.000 0.029 0.119 0.037
RAD51D – – 0.198 0.314 0.119 0.324
SMAD4 – – 0.000 0.000 0.000 0.008
STK11 0.000 – 0.000 0.007 0.000 0.005
TP53 0.130 – 0.099 0.057 0.000 0.016
Reference [23] [26] [27] [28] [29]

The hyphen indicates no analysis. In the present study, LoF variants or pathogenic variants regis-
tered in ClinVar were considered as pathogenic

OR = 7.6, 95% CI: 1.8–32.7) showed P < 0.05. In the original study [27], APC, 
PALB2, and CDKN2A showed P  <  0.05; however, only one or two cases were 
reported. Thus, it might be difficult to conclude that these genes are also risk factors 
for pancreatic cancer. The disease risk of BRCA1/2 and ATM was similar to that of 
the largest investigation in the European population [5]. Their frequency of patients 
with pancreatic cancer who were carriers of pathogenic variants in these three genes 
(5.1%) was similar to the frequency (4.8%) calculated in the present study.

In colorectal cancer, APC (P = 1.02 × 10−5, OR = 36.3, 95% CI: 7.4–178.8), 
MLH1 (P = 2.24 × 10−5, OR = 33.6, 95% CI: 6.6–170.8), MSH6 (P = 2.69 × 10−4, 
OR = 4.3, 95% CI: 2.0–9.4), MSH2 (P = 0.012, OR = 4.3, 95% CI: 1.4–13.6), and 
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Table 2  Results of the association analysis of pathogenic variants between cases and controls 
showing P < 0.05

Gene P OR 95% CI lower 95% CI upper

Female breast cancer
BRCA2 5.83E-24 8.7 5.7 13.3
BRCA1 4.98E-09 10.3 4.7 22.4
PTEN 8.56E-04 15.5 3.1 77.9
CHEK2 2.47E-03 3.5 1.6 7.8
PALB2 2.85E-03 4.0 1.6 9.8
Prostate cancer
BRCA2 8.06E-08 4.2 2.5 7.1
Pancreatic cancer
BRCA2 1.67E-09 9.8 4.7 20.6
ATM 3.47E-04 6.5 2.3 18.0
BRCA1 6.09E-03 7.6 1.8 32.7
Colrectal cancer
APC 1.02E-05 36.3 7.4 178.8
MLH1 2.24E-05 33.6 6.6 170.8
MSH6 2.69E-04 4.3 2.0 9.4
MSH2 0.012 4.3 1.4 13.6
PTEN 0.048 4.0 1.0 15.5
Renal cancer
PMS2 0.031 9.4 1.2 72.5

We reanalyzed the original data to directly compare the results of the five cancer types. For this 
purpose, LoF variants or pathogenic variants registered in ClinVar were considered as pathogenic, 
and we used only patients without a family history of cancer to provide a better estimation of dis-
ease risk, as we used controls without a family history of cancer. Therefore, our results were 
expected to differ from those of the original studies for each cancer type

PTEN (P = 0.048, OR = 4.0, 95% CI: 1.0–15.5) showed P < 0.05. When compared 
with the OR of MLH1 in the original study [28] (OR = 8.6, 95% CI: 3.9–21.3), that 
of our study was much higher. In the present study, we used only cases without a 
family history of cancer to precisely calculate the OR, and therefore, we expected a 
lower OR than that in the original study. In fact, most of the results showed this 
tendency. However, MLH1 showed the opposite trend. Although this should be care-
fully analyzed in future studies, the impact of a family history of cancer may vary 
between cancer types and genes because the family history includes different infor-
mation on shared genetic and environmental factors [47].

In renal cancer, only PMS2 showed P < 0.05. The original study [29] showed that 
the associated genes differed between clear and non-clear cell renal cell carcinoma 
(RCC). For the former, pathogenic variants in TP53 (P = 1.73 × 10−4, OR = 5.8, 
95% CI: 2.2–15.7), CHEK2 (P = 0.003, OR = 7.0, 95% CI: 1.7–33.9), and PMS2 
(P = 0.04, OR = 7.0, 95% CI: 0.8–84.3) were associated with disease risk. In addi-
tion, because there are several causative genes of hereditary RCCs with specific 
histologic subtypes and clinical phenotypes, we analyzed an additional set of 13 
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genes (BAP1, CDC73, FH, FLCN, MET, MITF, SDHA, SDHB, SDHC, SDHD, 
TSC1, TSC2, and VHL). PTEN, a known causative gene of hereditary RCC, was 
already included in the 27 hereditary cancer genes. Among the 13 additional genes, 
BAP1 (P = 0.005, OR = ∞, 95% CI: 1.9-∞) and VHL (P = 0.03, OR = 7.0, 95% CI: 
0.8–84.3) showed disease risk association with clear cell RCC. For non-clear cell 
RCC, only hereditary RCC-specific genes showed an association with disease risk: 
BAP1 (P = 6.27 × 10−5, OR = ∞, 95% CI: 10.0-∞), FH (P = 6.27 × 10−5, OR = ∞, 
95% CI: 10.0-∞), TSC1 (P = 0.002, OR = ∞, 95% CI: 4.5-∞), and FLCN (P = 0.009, 
OR = 24.2, 95% CI: 1.7–333.9). Note that none of the 5996 controls had pathogenic 
variants in all associated hereditary RCC-specific genes, except for FLCN. Although 
disease risk could not be calculated, a higher disease risk was considered based on 
a lower value of the 95% CI.

2.6 � Variants of Uncertain Significance

Figure 2 shows the proportion of genetic variants within four categories in the five 
cancer types: (A) pathogenic variants (LoF variants or pathogenic variants in 
ClinVar); (B) benign variants in ClinVar; (C) missense variants whose annotation is 
VUS or not registered in ClinVar; and (D) synonymous variants whose annotation 
is VUS or not registered in ClinVar. (A) Pathogenic variants and (B) benign variants 
corresponded to 6.1%–13.5% and 18.8%–22.1%, respectively. Most of (D) synony-
mous variants are considered benign if they do not influence splicing [48, 49]. 
Although (C) is the most difficult to annotate and consider as VUS, they accounted 
for 55.6%–63.4% of all genetic variants and potentially include pathogenic variants. 
In our prostate cancer analysis [26], the gene-based association test using the VUS 
in CHEK2 showed some association (P  =  8.45  ×  10−6, OR  =  1.62, 95% CI: 
1.30–2.20). The three variants, p.Ala496Pro (OR  =  4.22, 95% CI: 1.41–15.11), 
p.Arg223Cys (OR = 1.98, 95% CI: 1.01–3.92), and p.His414Tyr (OR = 2.25, 95% 
CI: 1.04–4.99), showed P < 0.05. Based on only these association results, we could 
not conclude these variants were pathogenic; however, these results suggest that 
non-synonymous variants in CHEK2 may contribute to an increase in disease risk.

Several functional analyses have been proposed for each gene to determine its 
pathogenesis, and BRCA1/2 have been tested frequently. However, these genes have 
various diverse functions, such as homology-directed DNA repair function, embry-
onic stem cell viability, transcriptional activation, drug-sensitivity, protein–protein 
interaction, and splicing [50]. Some functional assays are reported to reflect the 
pathogenicity of variants registered in ClinVar [50, 51]. Disadvantages of these 
functional assays are that additional assays are needed as far as next-generation 
sequencers identify new genetic variants. In addition, different assays should be 
developed for different genes.

In silico assays have the potential to overcome these limitations. Several soft-
ware packages have been developed, such as SIFT [52], Condel [53], and CADD 
[54], and some softwares can annotate genetic variants outside the coding regions. 
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Fig. 2  The proportion of genetic variants in each of the four categories for the five cancer types. 
(a) Pathogenic variants (LoF variants or pathogenic variants in ClinVar); (b) benign variants in 
ClinVar; (c) missense variants whose annotation is VUS or not registered in ClinVar; and (d) syn-
onymous variants whose annotation is VUS or not registered in ClinVar

Comparison studies of these performance have been conducted [55]. Recently, an 
evolutionary model of variant effect outperformed other computational approaches 
in terms of concordance with the pathogenicity registered in ClinVar [56].

However, “calibration” is important in both in vitro and in silico methods. The 
proportion of functional reduction leading to increased disease risk should depend 
on the combination of a gene with a disease. In a homology-directed DNA repair 
assay in BRCA2, ROC curve analysis of the normalized mean functional assay 
results for the established pathogenic and neutral variants identified their thresholds 
[57]. In addition, although a borderline reduction might increase the disease risk, 
this risk might be lower than that of LoF variants. For instance, R1699Q in BRCA1 
has an estimated cumulative risk to breast or ovarian cancer of 24% at 70 years of 
age [58], which could provide a less-intensive clinical option to patients. A “calibra-
tion” is therefore very important for translating results from in vivo or in vitro assays 
of VUS for clinical use. One robust method is that each assay with a certain thresh-
old for pathogenicity should test new genetic data with clinical information and 
show the enrichment of pathogenic variants annotated by them in case samples as 
compared with control samples. Their estimated risk should be equal to the risk of 
the LoF variants.
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3 � Heterogeneity

When we compared the results of various cancer types in Japan with published 
results from other countries, several heterogeneities were observed. These heteroge-
neities should be thoroughly understood in future studies using various methods. 
These efforts could provide additional evidence for improving personalized 
medicine.

3.1 � Between Genes

Heterogeneity between genes appears to be due to each gene having a different 
function. Although BRCA1 and BRCA2 are known to have both similar and different 
functions [59], they are often referred to as BRCA1/2 and are dealt with together. 
However, these different functions should be carefully considered in clinical set-
tings. A well-known example is ovarian cancer. The cumulative risks of ovarian 
cancer are low up to 40 years for BRCA1 carriers and age 50 years for BRCA2 car-
riers in the European populations [60]. This information is of utmost importance for 
considering risk-reducing salpingo-oophorectomy for a female carrier of a patho-
genic variant in BRCA1 or BRCA2. Another example is the difference in prostate 
cancer risk between pathogenic variants of BRCA1 and BRCA2, as described above. 
The difference in disease risk between both genes might lead to a different therapeu-
tic effect of a PARP inhibitor for prostate cancer. However, this difference is some-
times not considered in the discussion of BRAC1/2 clinical uses [61].

In a broader context, BRCA1 and BRCA2 are involved in homologous recombi-
nation and several other associated genes could be hypothesized to have a similar 
impact in the clinics. For instance, a pathogenic variant of these genes might confer 
a high risk of breast and other BRCA1/2-associated cancer types, and a carrier 
patient with a pathogenic variant may have a better therapeutic effect of a PARP 
inhibitor. Based on this hypothesis, several candidate genes studies have been ana-
lyzed. One of the most successful outcomes is the identification of PALB2 because 
it interacts with BRCA2, and biallelic pathogenic variants in PALB2, similar to bial-
lelic BRCA2 variants, cause Fanconi anemia [62]. However, the disease risk is dif-
ferent from those of BRCA1 and BRCA2 [25]. For geneticists, it would be reasonable 
to identify many candidate gene studies before the GWAS era, but most of those 
studies failed to be replicated [63]. Therefore, each gene in each cancer type should 
be carefully examined in a large-scale sample for precise clinical use.
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3.2 � Between Cancer Types

The cancer type targeted by a pathogenic variant in each gene is important for the 
surveillance of a pathogenic variant carrier. However, it seems impossible to iden-
tify the targeted cancer type based on the knowledge of gene function and organs. 
This has been examined in around 2000 for BRCA1 and BRCA2. For instance, a 
cohort study of 11,847 individuals from 699 families with a BRCA1 pathogenic 
variant was examined, and the observed cancer incidence was compared with the 
expected cancer incidence based on population cancer rates [9]. The relative risks of 
pancreatic cancer (2.26), uterine body cancer (2.65), and cervical cancer (3.72) 
were identified in 2001. A similar analysis of BRCA2 was reported in 1999 [7]. 
Various reports have been published, but only breast, ovarian, prostate, and pancre-
atic cancers were considered to have established BRCA1/2-targeted genes in 2021 
because of limited evidence for other cancer types.

In the preparation of this study, our group reported a large-scale genetic analysis 
of BRCA1/2 across 14 cancer types in 65,108 patients and 38,153 controls [41]. We 
identified pathogenic variants associated with an OR ≥  4  in biliary tract cancer 
(OR = 17.4) in BRCA1, esophageal cancer (OR = 5.6) in BRCA2, and gastric cancer 
in BRCA1 (OR = 5.2) and BRCA2 (OR = 4.7), in addition to the four established 
cancer types (i.e., breast, ovarian, prostate, and pancreatic). Among them, the cumu-
lative absolute risk at 85 years of age was estimated to be as high as 20% in gastric 
cancer. Biliary, esophageal, and gastric cancers are more common in East Asia [22]. 
Carrier patients of these genes with pathogenic variants are expected to have a cer-
tain therapeutic effect of a PARP inhibitor; however, additional clinical trials are 
needed for clinical use. These results highlight the importance of large-scale genetic 
analyses of each population.

A study with a purpose similar to ours, but using a different approach was pub-
lished at the same time. The researchers analyzed data from 3184 BRCA1 and 2157 
BRCA2 carrier families to estimate disease risk of the 22 primary cancer types, 
adjusting for family ascertainment in mainly European populations [64]. Although 
they also identified the relative risk of gastric cancer in BRCA1 (2.17) and BRCA2 
(3.69), their cumulative risk at 80 years of age was much lower (0.7–3.5%). This 
difference from the Japanese data could be partially explained by the difference in 
the prevalence of gastric cancer [22].

In addition, the phenotype-wide association study using health records from 
214,020 participants of three large-scale cohorts namely, the Electronic Medical 
Records and Genomics Sequencing data set, the UK Biobank cohort, and the 
Hereditary Cancer Registry identified that pathogenic variants in hereditary cancer 
genes were associated with not only neoplasms but also non-neoplastic diseases 
[65]. For example, pathogenic variants were associated with ovarian cysts in BRCA1 
(OR = 3.2) and BRCA2 (OR = 3.1). These three recent studies highlight that genetic 
analysis using very large sample sizes could help identify the target cancer types of 
hereditary cancer genes.
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3.3 � Between Populations

Generally, the association between genes and cancer types is consistent among pop-
ulations. However, founder pathogenic variants and the prevalence of each cancer 
type can change the clinical utility of their genes in each population. For instance, 
NBN is one of the targeted genes for genetic testing of breast cancer. However, there 
is no association between NBN and breast cancer reported in Japan [23]. One reason 
could be that only 1/7051 female breast cancer patients has a pathogenic variant of 
NBN. However, c.657del5 (rs587776650) of NBN is a founder pathogenic variant in 
the Polish population [66], where it is common and contributes to an increased risk 
of both breast [66] and prostate cancer [67]. Furthermore, this variant was not 
observed in Japanese patients, and only another pathogenic variant was observed. 
Therefore, the current results suggest that the clinical utility of NBN is very limited 
in Japanese patients with breast cancer.

Another interesting example is HOXB13 in prostate cancer. This gene showed an 
association in both European and Japanese populations. However, the key founder 
pathogenic variant was different: p.Gly84Glu in the European population [43] and 
p.Gly132Glu in the Japanese population. Recently, it was revealed how a patho-
genic variant in HOXB13 increases the disease risk of prostate cancer, but the differ-
ence in amino acid positions was not examined [26]. In BRCA1/2, amino acid 
positions of pathogenic variants influence breast and ovarian cancer risks [68]. 
Therefore, such differences may cause population differences in the clinical charac-
teristics of prostate cancer caused by different pathogenic variants of HOXB13.

4 � Future Directions of Research

4.1 � Integrated Estimation of Disease Risk with Genetic 
and Environmental Factors

Some of these data have already been described in the Guidelines for Diagnosis and 
Treatment of Hereditary Breast and Ovarian Cancer 2021 as contributors of person-
alized medicine in Japan. However, there is room for improvement. Here, we pres-
ent two directions for future research.

We analyzed hereditary cancer genes with a high risk, but they play a role in a 
part of genetic effects on cancer onset. Other effects from genetic variants with rela-
tively small risk (<1.2) should also be considered [20]. We could extract the effects 
of common variants (population frequency  >  1%) as polygenic risk scores [69]. 
Some patients with pathogenic variants in BRCA2 develop breast cancer first, 
whereas others develop ovarian cancer first. The first cancer in a carrier is different, 
but this might be partially explained by the different polygenic scores between 
BRCA2-related cancers. In the future, hereditary cancer genes and polygenic risk 
scores in an individual could indicate which cancer type should be more cared [70]. 

Y. Momozawa



73

Several factors, such as smoking, alcohol consumption, food intake, obesity, repro-
ductive history, hormone intake, and bacterial and viral infections, were known to 
influence cancer types differently [71]. A better understanding of these factors could 
contribute to improve personalized medicine.

4.2 � Identification of More Genes with Moderate or High Risk

More genes might have clinical potential for personalized medicine, as most genes 
were not yet examined by genome-wide approach. BRCA1 and BRCA2 were identi-
fied by one of genome-wide approach, linkage analysis [2, 3]. However, linkage 
analysis requires many families, each of which including multiple patients and con-
trols. Currently, it is difficult to collect data on such families. GWAS [72] was used 
to identify a few hundred genome loci associated with various cancer types [73, 74]. 
The advantage of this method is the collection of patients and controls without fam-
ily information, and a meta-analysis combining several GWAS could easily increase 
the sample size to identify more associated variants [72]. However, this approach 
can only analyze common genetic variants with a very low impact (i.e., OR < 1.2). 
A recent GWAS with a large sample size and imputation data could identify founder 
pathogenic variants with high risk but not pathogenic variants with very low fre-
quency because the reference panel for imputation does not include haplotypes with 
very rare pathogenic variants.

WGS can identify all the genetic variants. A key difficulty is that much more 
samples are required for rare variant analysis because the frequency of rare variants 
is very low (<0.1% or lower). For instance, when OR = ~1.2, and the minor allele 
frequency of the variant is 0.1%, one million individuals are required to obtain 
genome-wide significance at P  =  5 × 10−8 with 80% statistical power. Although 
pathogenic variants are expected to have a higher disease risk, a large number of 
samples are still needed. To overcome this issue, a burden test combining rare vari-
ants in each functional unit, normally a gene, could increase its statistical power 
[20]. However, several thousand samples would not be sufficient for this purpose, 
according to the results from a recent exome-sequencing approach in the UK 
Biobank [75]. BRCA2 is definitely the gene responsible for prostate cancer but 
shows only P < 1 × 10−4 in 2875 cases and 148,067 controls. This association is 
nearly impossible to identify among many genes with similar P values. One poten-
tial route is to perform target sequencing of genes identified by GWAS.  Recent 
WGS studies have identified rare new variants in genes previously identified using 
GWAS [76]. Although it is challenging to identify target genes from associated vari-
ants in GWAS, various bioinformatics pipelines using deposited omics data on 
expression and methylation for each cell type are being developed for this purpose 
[77]. By focusing on specific reasonable positional-candidate genes instead of the 
whole genome, target sequencing could be used to analyze much more samples to 
increase statistical power. This method has identified additional rare variants in vari-
ous diseases [20].
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5 � Conclusions

BRCA1/2 is considered a top runner in personalized medicine. However, this infor-
mation cannot be used in clinics without concern. We reanalyzed genetic data on 
breast, prostate, pancreatic, colorectal, and renal cancers to better compare these 
cancer types in the Japanese population. The various heterogeneities were observed, 
and future research directions were then discussed. Further research using patho-
genic germline variants could improve personalized medicine and provide lessons 
for personalized medicine in other diseases.
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New Functions of BRCA1/2 in Regulating 
Carcinogenesis and Drug Sensitivity

Zhenzhou Fang, Yuki Yoshino, and Natsuko Chiba

Abstract  Pathogenic variants in BRCA1 and BRCA2 (BRCA1/2) cause hereditary 
breast and ovarian cancer syndrome (HBOC). BRCA1/2 are involved in multiple 
cellular processes, including homologous recombination (HR), which maintain 
genome stability. The HR repair function of BRCA1/2 is thought to underpin their 
function as tumor suppressors. However, it is unclear how dysregulation of these 
proteins causes tissue-specific carcinogenesis. Previously, we found that cancer-
derived variants and abnormal expression of BRCA1-associated proteins cause cen-
trosome amplification in mammary tissue-derived cells, resulting in chromosome 
segregation errors.

HR-deficient cells are sensitive to poly (ADP-ribose) polymerase inhibitors and 
platinum agents. Recently, we developed an HR activity assay named Assay of Site-
Specific HR Activity (ASHRA), which evaluates HR activity quantitively. Analyzing 
the HR activity of BRCA1 variants using ASHRA revealed that the assay can pre-
dict whether an individual has a moderate risk of breast and ovarian cancer, and 
their sensitivity to PARP inhibitors. Furthermore, we identified a novel mechanism 
underlying resistance to the PARP inhibitor olaparib and the platinum agent cispla-
tin, which is dependent on high expression of activating transcription factor 1 
(ATF1) and the transactivation activity of BRCA1 with ATF1.

In this chapter, we describe the effects of BRCA1/2 impairment, which is thought 
to contribute to carcinogenesis, as well as regulation of centrosome number by 

Z. Fang 
Department of Cancer Biology, Institute of Development, Aging and Cancer (IDAC), Tohoku 
University, Sendai, Japan 

Y. Yoshino · N. Chiba (*) 
Department of Cancer Biology, Institute of Development, Aging and Cancer (IDAC), Tohoku 
University, Sendai, Japan 

Laboratory of Cancer Biology, Graduate School of Life Sciences, Tohoku University, 
Sendai, Japan 

Department of Cancer Biology, Tohoku University Graduate School of Medicine, 
Sendai, Japan
e-mail: natsuko.chiba.c7@tohoku.ac.jp

© The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2023
D. Aoki et al. (eds.), Practical Guide to Hereditary Breast and Ovarian Cancer, 
https://doi.org/10.1007/978-981-99-5231-1_7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-5231-1_7&domain=pdf
mailto:natsuko.chiba.c7@tohoku.ac.jp
https://doi.org/10.1007/978-981-99-5231-1_7


80

BRCA1, which may play a role in tissue-specific carcinogenesis. Furthermore, we 
describe the mechanisms underlying resistance to PARP inhibitors and suggest a 
novel mechanism by which BRCA1/ATF1-mediated transcription leads to resis-
tance to olaparib and cisplatin.

Keywords  Hereditary breast and ovarian cancer (HBOC) · BRCA1/2 · 
Carcinogenesis · Drug sensitivity · PARP inhibitors

1 � Introduction

Hereditary breast and ovarian cancer syndrome (HBOC) is a BRCA1 and BRCA2 
(BRCA1/2)-linked genetic disorder associated with a high risk of breast, ovarian, 
and other cancers [1–3]. A diagnosis of HBOC is made by genetic testing for 
BRCA1/2. Clinical management approaches include screening for early cancer 
detection, prophylactic surgery for healthy carriers, and chemotherapy for patients 
with cancer. Therefore, accurate diagnoses of pathogenic variants are critical for 
clinical decision-making and improved prognosis. The pathogenicity of BRCA1/2 
variants is classified as benign, likely benign, variants of uncertain significance 
(VUS), likely pathogenic, or pathogenic. Most pathogenic variants are premature 
truncation variants generated by nonsense or frameshift mutations, whereas VUS 
are missense, small in-frame deletion or insertion, and splicing variants. The effects 
of these variants on function have not yet been determined.

BRCA1/2 functions in multiple cellular processes to maintain genome stability 
[4–6]. Homologous recombination (HR) repair is a critical error-free pathway for 
repairing DNA double-strand breaks; this pathway uses an intact sister chromatid as 
a template. BRCA1/2 function in HR repair is thought to underpin their role as 
tumor suppressors. Therefore, assays that evaluate HR activity have been used to 
estimate the pathogenicity of BRCA1/2 variants. Of these, the direct-repeat GFP 
(DR-GFP) assay is the most common [7–13].

On the other hand, it is unclear how dysregulation of BRCA1/2 causes tissue-
specific carcinogenesis. Centrosomes, the major microtubule nucleation centers in 
animal cells, mediate formation of a bipolar spindle during mitosis [14]. Aberration 
of centrosome number and structure are common in various cancers [15] and are 
related to an invasive phenotype [16]. Centrosome amplification results in chromo-
some segregation errors, leading to chromosomal instability, which is in turn associ-
ated with carcinogenesis and cancer progression [17]. Recently, we identified 
BRCA1-interacting proteins that function to regulate centrosomes together with 
BRCA1. We found that abnormalities in these BRCA1-associated proteins in mam-
mary tissue-derived cells cause centrosome amplification [18–20].
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In addition to its role in carcinogenesis, HR repair activity in cells is important 
for predicting sensitivity to some anti-cancer agents, poly (ADP-ribose) polymerase 
(PARP) inhibitors, and platinum agents. PARP functions in various DNA damage 
repair pathways as well as the repair process for DNA single-stranded breaks (SSBs) 
[21]. PARP inhibitors impair the repair of DNA single-stranded breaks (SSBs), 
which results in the creation of DNA double-stranded breaks (DSBs), and trap 
PARP protein at DNA SSBs [22]. Furthermore, because PARP helps to restart 
stalled DNA replication forks, PARP inhibitors induce collapse of replication forks 
[23, 24]. Since HR contributes to repair of DSBs, PARP trapping, and collapse of 
replication forks [22], PARP inhibitors cause synthetic lethality in cells with HR 
deficiency caused by alteration of HR factors, including BRCA1/2 [25–28].

PARP inhibitors have been developed to treat various cancers, including breast, 
ovarian, pancreatic, and prostate cancers [29]; however, a number of resistance 
mechanisms have been reported [30–32]. Recently, we developed an assay to evalu-
ate HR activity in cells and analyzed the HR activity of BRCA1 variants [33]. We 
found that this assay evaluates HR activity quantitively [34]. We also identified a 
novel mechanism underlying resistance via transactivation activity of BRCA1 [34].

Here, we describe the functions of BRCA1/2, whose impairment is involved in 
carcinogenesis. We also discuss our recent finding that BRCA1-interacting proteins 
regulate centrosomes. Furthermore, we explain the mechanisms underlying resis-
tance to PARP inhibitors and describe a novel mechanism of resistance to PARP 
inhibitors and platinum agents that is dependent on the function of BRCA1 during 
transcription.

2 � Structure of BRCA1/2

BRCA1 has a RING domain at its amino (N)-terminal region that binds directly to 
BARD1. There is a coiled-coil motif and two BRCT domains at the carboxy 
(C)-terminal region (Fig. 1a). The coiled-coil motif binds to PALB2, and the BRCT 
domains bind to BRIP1, CtIP, and ABRAXAS1. BARD1, PALB2, BRIP1, and 
ABRAXAS1 are also breast cancer susceptibility genes [6, 35].

BRCA2 has eight BRC motifs in its middle segment. BRCA2 binds to the 
RAD51 recombinase (which plays a critical role in HR activity) via BRC motifs and 
its C-terminal region (Fig. 1b). The N-terminal region contains a PALB2 binding 
domain. The C-terminal region contains a helical domain and three oligonucleotide/
oligosaccharide binding (OB) folds that bind to ssDNA. The N-terminal DNA bind-
ing domain (NTD) also has DNA binding activity.
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Fig. 1  Structure of BRCA1 and BRCA2. (a) BRCA1 has a RING domain in the N-terminal 
region, and a coiled-coil domain and two BRCT domains in the C-terminal region. BRCA1 binds 
to BARD1 via the RING domain. The coiled-coil domain of BRCA1 mediates complex formation 
with PALB2. The BRCT domains bind to BRIP1, CtIP, and ABRAXAS1. (b) BRCA2 has a 
PALB2 binding domain at the N-terminal region, eight BRC repeats in the middle, and a helical 
domain, three oligonucleotide/oligosaccharide binding (OB) folds, and a RAD51-binding domain, 
(C-terminal RAD51-binding; CTRB) at the C-terminal region. The middle portion, which includes 
eight BRC repeats, binds to RAD51. A helical domain and three OB folds in the C-terminal domain 
and the N-terminal DNA binding domain (NTD) are DNA binding domains

3 � Functions of BRCA1/2

3.1 � HR

There are two major pathways that repair DNA DSBs: HR and non-homologous 
end joining (NHEJ). The HR is a pathway for error-free repair of DSBs uses the 
sister chromatid as a recombination template during the S/G2 phase of the cell 
cycle. By contrast, NHEJ repairs DSBs throughout the cell cycle by direct joining; 
however, it is error-prone and frequently causes deletion or insertion mutations in 
DNA [36].

The choice of which pathway is used to repair DSB is determined by DNA end 
resection, which is the processing of DNA ends to generate 3′ single strands. 
BRCA1/BARD1 competes with 53BP1 and promote end resection to proceed to HR 
pathway. DNA endoresection is initiated by the nuclease MRN complex, which 
comprises endonuclease MRE11, RAD50, and NBS1, to create short ssDNA 
(Fig. 2a). CtIP promotes end resection by MRE11. BRCA1/BARD1 plays a role in 
DNA end resection by interacting with the MRN complex and CtIP. ssDNA is occu-
pied by replication protein A (RPA), which is then replaced by RAD51. Replacement 
of RPA by RAD51 is mediated by BRCA1-PALB2-BRCA2, thereby forming a 
RAD51-ssDNA nucleoprotein filament. The RAD51-ssDNA nucleoprotein fila-
ment functions in the homology search by invading duplex DNA molecules and 
facilitating base-pairing with complementary DNA sequences. BRCA1/BARD1 
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Fig. 2  Functions of BRCA1 and BRCA2. (a) The HR repair pathway. BRCA1/BARD1 promotes 
end resection in competition with 53BP1. DNA end resection is initiated by the nuclease MRN 
complex with CtIP. BRCA1/BARD1 is implicated in DNA end resection via interaction with the 
MRN complex and CtIP. ssDNA is covered by RPA, which is then replaced by RAD51; this pro-
cess is mediated BRCA1-PALB2-BRCA2. The RAD51 filament functions in the homology search 
by invading duplex DNA. (b) DNA replication fork protection. When DNA replication forks are 
stalled, nascent DNA strands pair with each other and the fork regresses (fork reversal). BRCA1/2 
prevents MRE11-mediated degradation of the free DNA end stabilizing RAD51 filaments at the 
stalled forks. Alterations in BRCA1/2 restore MRE11-mediated degradation of free DNA ends, 
thereby collapsing the DNA replication fork. (c) Structure of the centrosome at G2 phase and the 
spindle poles at the mitotic phase. The centrosome comprises a pair of centrioles, mother centriole 
and daughter centriole, surrounded by pericentriolar material (PCM). (d) Model of the BRCA1/
BARD1/OLA1/RACK1 complex. The N-terminal region of BRCA1 binds to the N-terminal 
region of BARD1. OLA1 binds to the N-terminal region of BRCA1, the C-terminal region of 
BARD1, and γ-tubulin. The middle portion of BRCA1 interacts with OLA1 via γ-tubulin. RACK1 
binds to OLA1, the N-terminal region of BRCA1, and γ-tubulin. “N” indicates the N-terminal 
region. “C” indicates the C-terminal region. (e) Model of the conformational changes in the 
BRCA1/BARD1/OLA1/γ-tubulin complex induced by variants of BRCA1, BARD1, or OLA1. The 
I42V variant in BRCA1 and the E168Q variant in OLA1 impair binding of OLA1 to the N-terminal 
region of BRCA1. The C645R, V695L, and S761N variants in BARD1 and the S36A, S36C, 
F127A, and T325A variants in OLA1 impair binding of OLA1 to the C-terminal region of BARD1. 
These variants cause centrosome amplification. “N” indicates the N-terminal region. “C” indicates 
the C-terminal region
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contributes to this homologous pairing. Therefore, BRCA1/BARD1 is involved in 
multiple steps of the HR repair pathway [4, 37, 38].

3.2 � Stabilization of Replication Forks

When the DNA replication machinery encounters DNA lesions, or nucleotides 
become a limiting factor, DNA replication stalls. Newly synthesized DNA strands 
pair with each other, and the fork regresses (fork reversal), resulting a four-armed 
DNA structure that has free DNA end (Fig. 2b). BRCA1/2 prevents degradation of 
this free DNA end, which is mediated by the MRE11 nuclease, by stabilizing 
RAD51 filaments at the stalled forks. Therefore, BRCA1/2 prevent DNA damage. 
Alteration of BRCA1/2 results in the failure to protect replication forks, leading to 
collapse [37, 38].

3.3 � Prevention of R-Loop Accumulation

R-loops, which comprise an RNA-DNA hybrid with a displaced ssDNA, occur on 
sites at which strong DNA secondary structures are formed due to perturbation of 
transcription or transcription-coupled processes such as mRNA splicing. Since an 
R-loop stalls the DNA replication machinery, cells avoid R-loop accumulation by 
preventing or removing them. BRCA1/BARD1 and BRCA2 prevent R-loop accu-
mulation [37, 39].

3.4 � Centrosome Regulation

Centrosomes regulate cell shape, polarity, and motility, in addition to formation of 
the mitotic spindle [14, 40]. The centrosome comprises a pair of centrioles, the 
mother and daughter centrioles, which are surrounded by the pericentriolar material 
(PCM) (Fig. 2c). Centrosomes are duplicated once per cell cycle, a process that is 
precisely controlled [41].

BRCA1 and BARD1, which localize to the centrosome throughout the cell cycle 
[42], function during centriole duplication [42–44]. BRCA1 interacts with major 
components of centrosomes: γ-tubulin [45] and mitotic kinases Aurora A and Polo-
like kinase1 (PLK1) [46, 47]. BRCA1/BARD1 ubiquitinates centrosome proteins, 
including γ-tubulin [43]. We identified Obg-like ATPase 1 (OLA1) as a BARD1-
interacting protein [48] and the receptor for activated C kinase 1 (RACK1) as an 
OLA1-interacting protein [49] (Fig. 2d). Aberrant expression of OLA1 and RACK1 
occurs in many malignancies [50–54]. BRCA1 binds directly to OLA1 and RACK1, 
and functions to regulate centriole duplication together with these proteins. RACK1 
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regulates centriole duplication by controlling the centrosomal localization of 
BRCA1, as well as PLK1 phosphorylation by Aurora A [19, 20, 49].

A number of BRCA1 variants derived from familial breast cancers cause centro-
some amplification in breast cancer cells [55]. Interestingly, some BRCA1 variants 
fail to regulate centrosome number; however, they are proficient in HR activity [8]. 
Cancer-derived variants of BRCA1, BARD1, OLA1, and RACK1 abolish their 
bindings each other. These variants and aberrant expression of these proteins cause 
centrosome amplification due to centriole overduplication only in mammary tissue-
derived cells (Fig. 2e) [18, 19, 48, 49, 56]. These findings suggest that the BRCA1, 
together with these interacting proteins, regulates centrosomal numbers and con-
tributes to tumor suppression.

Interestingly, the number of centrioles in cells with two γ-tubulin spots is higher 
in mammary tissue-derived cells than in cells derived from other tissues, suggesting 
that the efficiency of centriole duplication might be higher than that in cells derived 
from other tissues [49]. Thus, mammary cells might be sensitive to abnormality of 
centrosome proteins such as BRCA1-associated proteins, resulting in tissue-spe-
cific carcinogenesis.

BRCA2 also localizes to centrosomes and is involved in centriole duplication 
[57, 58]. Furthermore, BRCA2 interacts with a cytoskeletal cross-linker protein, 
plectin, and controls the position of the centrosome [59].

3.5 � Other Functions

BRCA1/2 functions in multiple cellular processes in addition to the functions 
described above. The N-terminal region of BRCA1 has E3 ubiquitin ligase activity, 
which is enhanced significantly by forming a heterodimer with BARD1 [60]. The 
C-terminal region of BRCA1 interacts with RNA helicase A, a component of RNA 
polymerase II (Pol II) [61], and activates transcription. Since pathogenic variants 
abolish BRCA1-medicated transcriptional activation, functional assays were used 
to analyze a number of BRCA1 C-terminal missense variants to predict pathogenic-
ity [6, 62, 63]. BRCA1 binds to several transcription factors, including p53, c-Myc, 
and GATA3. Furthermore, BRCA1 is involved in DNA damage checkpoint control, 
regulation of estrogen receptor α (ERα), apoptosis, and differentiation of luminal 
progenitor in breast tissues [6, 35, 62].

BRCA2 also regulates DNA damage checkpoint control [35]. In addition, 
BRCA2 is phosphorylated by PLK1, and regulates cytokinesis, a critical final step 
of cell division [64].

New Functions of BRCA1/2 in Regulating Carcinogenesis and Drug Sensitivity



86

4 � Evaluation of HR Activity

4.1 � Evaluation of HR Activity in HBOC

Genetic alterations in HR factors in addition to BRCA1/2 cause hereditary cancers 
such as HBOC [35]. Therefore, evaluation of HR activity in cells is important to 
estimate the pathogenicity of HR factor variants. As described above, the DR-GFP 
assay has been used widely for this purpose. In addition, Ikegami et al. developed a 
functional assay to evaluate the HR activity of BRCA2 variants by assessing sensi-
tivity of BRCA2-deficient cells to PARP inhibitor [65].

4.2 � Novel Assay to Evaluate HR Activity in Cells

To evaluate HR activity easily in cells, we developed the Assay for Site-specific HR 
Activity (ASHRA) (Fig. 3) [33]. In ASHRA, an expression vector for gRNA and 
Cas9 and a donor vector were co-transfected into the cells. The Cas9 endonuclease 
introduces a DSB specifically into the endogenous target locus of the genome. For 
our analysis, we chose the β-actin gene (ACTB), which is stably transcribed in cells, 
as a target gene. The donor vector contains a marker sequence flanked by two arms 
homologous to the target locus as a template for HR. Two days after transfection, 
genomic DNA was extracted. When the DSB is repaired by HR, the marker sequence 
is knocked-in to the target locus. HR activity is evaluated by quantifying the knock-
in frequency by quantitative PCR.  We confirmed that knockdown of BRCA1 or 
RAD51, but not that of non-HR factors, reduces the knock-in frequency [33].

4.3 � A Novel HR Assay to Detect Intermediate HR Activity

Using ASHRA, we examined the HR activity of 30 BRCA1 missense variants at the 
N-terminal region that were previously analyzed using the DR-GFP assay [8, 66]. 
The DR-GFP assay categorized HR activity only as HR-proficient or HR-deficient, 
whereas ASHRA identified 10 BRCA1 variants as having intermediate HR activity, 
which were not distinguished by the DR-GFP assay [34]. Interestingly, the HR 
activity of these BRCA1 variants, as assessed by ASHRA, correlated significantly 
with the survival rates of cells expressing BRCA1 variants after exposure to the 
PARP inhibitor olaparib.

The BRCA1-R1699Q variant moderately elevates cancer risk [67, 68]. The 
BRCA1-V1736A variant increases the risk of ovarian cancer through biallelic vari-
ation [69]. To investigate the significance of intermediate HR activity determined by 
ASHRA, we analyzed the HR activity of these BRCA1 variants. ASHRA detected 
the intermediate HR activity of BRCA1-R1699Q and -V1736A; in addition, these 
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Fig. 3  Schematic of ASHRA. The Cas9 endonuclease creates double-strand breaks (DSBs) at the 
target site in the genome. When the DSBs are repaired by HR using a donor plasmid containing a 
marker sequence flanked by two arms homologous to the target site as a template, the marker 
sequence is knocked-in to the target site. HR activity in cells is evaluated by measuring the knock-
in frequency of the marker sequence by quantitative PCR

variants showed intermediate sensitivity to olaparib. The DR-GFP assay catego-
rized these variants as HR-deficient [9, 10]. These results suggest that HR activity 
determined by ASHRA can predict cancer risk and sensitivity to PARP inhibitors 
more accurately than the conventional DR-GFP assay.

4.4 � Role of HR Activity in Cancer Treatment

Various sporadic cancers are HR-deficient [70]. The characteristics of tumors with 
germline BRCA1/2 mutations are referred to as BRCAness, which is observed in 
some sporadic tumors with somatic mutations or methylation of BRCA1/2, or inac-
tivation of HR factors other than BRCA1/2 [71]. More than half of high-grade serous 

New Functions of BRCA1/2 in Regulating Carcinogenesis and Drug Sensitivity



88

ovarian cancers are HR-deficient. Alterations of BRCA1/2 are found in more than 
half of HR-deficient high-grade serous ovarian cancers, whereas alterations in other 
HR factors account for the remainder [72].

Genetic testing for HR factors, as well as genomic scar assays, is used clinically 
to detect HR deficiency and to stratify patients in order to identify those likely to 
benefit from PARP inhibitors. However, a number of VUS of HR factors have been 
identified, and genomic scar assays do not detect resistance to PARP inhibitors 
mediated by revertant mutations, which restore HR activity [73–75].

4.5 � Mechanisms Underlying Resistance to PARP Inhibitors

Various mechanisms underlie primary and acquired resistance to PARP inhibitors 
[30–32]. Two major mechanisms are restoration of HR activity and protection of 
replication forks. HR can be restored by acquired mutations in HR genes or via 
increased activity of effector proteins that mediate HR activity. Acquired mutations 
restore the reading frame and allow expression of the entire protein. Tumors in 
which the BRCA1 gene is silenced via promoter hypermethylation become resistant 
due to loss of hypermethylation and re-expression of BRCA1. Furthermore, restora-
tion of HR activity is induced by suppression of the NHEJ pathway. 53BP1 regu-
lates pathway choices, HR or NHEJ, in competition with BRCA1. Since 53BP1 
collaborates with RIF1, REV7, and the Shieldin complex to prevents DNA end 
resection, these alterations trigger resistance by downregulating the NHEJ pathway. 
Protection of replication forks is caused by reduced recruitment of MRE11 and 
another DNA endonuclease, MUS81, leading to resistance to PARP inhibitors.

In addition, alterations in the PARP or PAR glycohydrolase proteins cause resis-
tance to PARP inhibitors [31]. Similar to other anti-cancer agents, resistance is 
caused by increased drug efflux and reduced drug influx. Furthermore, Schlafen 11 
(SFLN11) binds to replication forks in response to replication stress, thereby block-
ing further replication. SFLN11 sensitizes cells to a broad range of anti-cancer 
agents, including PARP inhibitors and platinum agents. Lack of SFLN11 expres-
sion in particular is involved in resistance to DNA-targeting anti-cancer agents 
[76, 77].

4.6 � A Novel Mechanism of Resistance to PARP Inhibitors

Among the 30 BRCA1 missense variants analyzed, only the C61G variant shows 
significant discordance between HR activity and sensitivity to olaparib in HeLa 
cells, but not in MCF7 cells [34]. Interestingly, a similar C64G variant did not show 
these phenotypes. The C61G and C64G variants occur at the zinc-binding residues 
of the RING domain, resulting in defects in binding to BARD1, E3 ubiquitin ligase 
activity, and HR activity [8, 78, 79].
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A literature search to identify different phenotypes of the C61G and C64G vari-
ants revealed that the BRCA1-C61G variant (but not C64G variant) functions to 
coactivate transcription by activating transcription factor 1 (ATF1) (similar to wild-
type BRCA1) [80]. ATF1, which belongs to the c-AMP response element-binding 
protein/activating transcription factor (CREB/ATF) family, activates gene transcrip-
tion to regulate cell proliferation and survival [81]. We found that BRCA1-C61G 
(but not the C64G variant) binds to ATF1 and activates transcription of NRAS and 
BIRC2, which are involved in cell proliferation and survival, respectively, similar to 
wild-type BRCA1 [34] (Fig. 4a). ATF1 was expressed at markedly higher levels in 
HeLa cells than in MCF7 cells. Furthermore, we found MCF10A is another ATF1-
low cell line, and BT-549 is another ATF1-high cell line. Exogenous expression of 

Fig. 4  Schematic illustrating ATF1-dependent sensitivity to PARP inhibitors and cisplatin. (a) 
Wild-type BRCA1 and the BRCA1-C61G variant bind to ATF1 and activates transcription of 
NRAS and BIRC2. By contrast, BRCA1-C64G fails binds to ATF1 and so does not activate the 
transcription of NRAS and BIRC2. (b) When treated with PARP inhibitors or platinum agents, 
HR-proficient cells repair DNA and survive. HR-deficient cells cannot repair DNA damage by 
HR. However, in cells proficient in BRCA1/ATF1-mediated transcription, cell survival is depen-
dent on the expression level of ATF1. High ATF1-expressing cells proficient in BRCA1/ATF1-
mediated transcription survive, but low-expressing cells die. HR-deficient cells harboring 
BRCA1-C61G or altered non-BRCA1 HR factors such as BRCA2, but possessing wild-type 
BRCA1, activate ATF1-mediated transcription and survive. Therefore, ATF1 might be a good bio-
marker for drug resistance in tumor cells. (c) In HR-deficient tumors, genes downstream of 
BRCA1/ATF1 transactivation might be good biomarkers for sensitivity to PARP inhibitors and 
platinum agents, regardless of BRCA1/ATF1 transactivation
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ATF1 caused olaparib resistance in BRCA1-C61G–expressing ATF1-low cells. By 
contrast, knockdown of ATF1 increased the sensitivity of BRCA1-C61G–express-
ing ATF1-high cells to olaparib. The level of ATF1 expression did not affect HR 
activity. These data suggest that high expression of the ATF1 protein confers resis-
tance to olaparib in cells expressing BRCA1-C61G, independent of HR activity 
(Fig. 4b).

4.7 � BRCA1/ATF1-Mediated Transactivation Confers 
Resistance to Cisplatin

BRCA1-C61G is HR-deficient, but functions as a coactivator of ATF1-regulated 
transcription, which causes resistance to olaparib in the presence of high ATF1 
expression. Thus, we speculated that BRCA1/ATF1-mediated transcription confers 
resistance to olaparib in HR-deficient cells due to alterations in other HR factors. As 
expected, we found that ATF1 overexpression induced olaparib resistance in 
BRCA2- or RAD51-knockdown MCF7 cells, but not in BRCA1-knockdown cells. 
Similar results were obtained for cells treated with cisplatin [34]. These data sug-
gest that BRCA1/ATF1-mediated transcription induces the resistance to olaparib 
and cisplatin upon knockdown of BRCA2 or RAD51. Therefore, the level of ATF1 
expression could be a biomarker for the efficacy of PARP inhibitors and platinum 
agents against tumors that are HR-deficient, but proficient in BRCA1/ATF1-
mediated transcription (e.g., BRCA2-deficient tumors) (Fig. 4b).

Tian et al. identified ATF1-target genes [81]. We found that there are two types 
of ATF1-target genes, BRCA1-dependent (NRAS and BIRC2) and BRCA1-
independent (BRAF and MYC) [34]. Although we did not examine whether NRAS 
and BIRC2 are involved in resistance to PARP inhibitors and platinum agents, their 
expression levels might be a biomarker for the efficacy of PARP inhibitors and plati-
num agents against HR-deficient cells (Fig. 4c). However, it is possible that other 
genes upregulated by BRCA1/ATF1 might be responsible for resistance. 
Identification of the responsible genes might make it possible to develop therapies 
that overcome resistance to PARP inhibitors and platinum agents.

BRCA1-C61G is an important founder mutation in the Polish population; there-
fore, it is analyzed in panel tests for HBOC diagnosis and for cancer treatment [82, 
83]. Therefore, resistance to PARP inhibitors and platinum agents induced by 
BRCA1/ATF1-mediated transcription might be considered in the Polish population.

Overexpression of ATF1, NRAS, and BIRC2 occurs in some malignancies, 
including breast and ovarian cancers (COSMIC, the Catalogue Of Somatic 
Mutations In Cancer (https://cancer.sanger.ac.uk/cosmic)). ATF1 forms a fusion 
gene with EWSR1 or FUS in sarcomas such as clear cell sarcoma and angiomatoid 
fibrous histiocytoma [84, 85]. Therefore, ATF1-fusion gene products might be 
involved in resistance of these sarcomas to chemotherapy.
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5 � Conclusions

HR activity is important for the tumor suppressor functions of BRCA1/2. We used 
the CRISPR/Cas9 system to develop ASHRA, an assay designed to evaluate HR 
activity. ASHRA can measure HR activity quantitatively; the results show that HR 
activity correlates with cancer risk and sensitivity to PARP inhibitors. Furthermore, 
we identified a novel mechanism involving BRCA1/ATF1-mediated transcription 
that underlies resistance to olaparib and cisplatin. This assay will contribute to clas-
sification of VUS of HR factors that might be involved in cancer risk and sensitivity 
to PARP inhibitors and platinum agents. It will also be useful for identifying novel 
resistance mechanisms and target molecules to facilitate development of effective 
cancer therapies.

BRCA1/2 plays role in multiple cellular processes. However, the role of 
BRCA1/2 alterations in mechanisms of underlying tissue-specific carcinogenesis 
remains unclear. The roles played by BRCA1/2 alterations in cancer risk and sensi-
tivity to anti-cancer agents seem to be different. Thus, functional assays to evaluate 
the effects of BRCA1/2 variants should be changed dependent on the purpose of the 
analysis: prediction of cancer risk or sensitivity to anti-cancer agents.
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Hereditary Breast and Ovarian Cancer 
and the National Health Insurance 
in Japan

Akira Hirasawa

Abstract  Medical practices for hereditary breast and ovarian cancer (HBOC) are 
partially covered by public medical insurance in Japan. In 2020, BRCA1 or BRCA2 
(BRCA1/2) genetic testing, surveillance, risk-reducing mastectomy (RRM), and 
risk-reducing salpingo-oophorectomy for BRCA1/2 pathogenic variant carriers 
were approved for all patients with ovarian cancer and some patients with breast 
cancer under National Health Insurance. However, relatives of HBOC pedigrees 
and BRCA1/2 pathogenic variant carriers who do not have breast or ovarian cancer 
are not covered by public health insurance. Furthermore, the clinical application of 
multigene panel testing (MGPT) is an urgent issue.

Keywords  Hereditary breast and ovarian cancer (HBOC) · National health 
insurance · Cancer precision medicine · BRCA1/2 genetic testing · Risk-reducing 
mastectomy · Risk-reducing salpingo-oophorectomy · Genetic counseling

1 � Current State of Public Health Insurance Coverage 
for HBOC in Japan

Table 1 shows the National Health Insurance coverage for HBOC in Japan as of 
May 2023. HBOC medical treatment covered by health insurance is only for patients 
who have already developed breast or ovarian cancer. The covered treatments 
include the following: (1) guidance and genetic counseling costs for BRCA1/2 
genetic testing, (2) BRCA1/2 genetic testing, (3) risk-reducing salpingo-
oophorectomy (RRSO) and contralateral risk-reducing mastectomy (CRRM) for 
those diagnosed with HBOC among patients with breast cancer, (4) bilateral risk-
reducing mastectomy (BRRM) for women who develop ovarian cancer and are 

A. Hirasawa (*) 
Department of Clinical Genomic Medicine, Okayama University Graduate School of 
Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan
e-mail: hir-aki45@okayama-u.ac.jp

© The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2023
D. Aoki et al. (eds.), Practical Guide to Hereditary Breast and Ovarian Cancer, 
https://doi.org/10.1007/978-981-99-5231-1_8

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-5231-1_8&domain=pdf
mailto:hir-aki45@okayama-u.ac.jp
https://doi.org/10.1007/978-981-99-5231-1_8


100

Ta
bl

e 
1 

Pu
bl

ic
 h

ea
lth

 in
su

ra
nc

e 
co

ve
ra

ge
 f

or
 h

er
ed

ita
ry

 b
re

as
t c

an
ce

r 
an

d 
ov

ar
ia

n 
ca

nc
er

 in
 J

ap
an

 (
as

 o
f 

M
ay

 2
02

3)

B
R

C
A

1/
2 

ge
ne

tic
 te

st
in

g
Su

rv
ei

lla
nc

e
R

is
k-

re
du

ci
ng

 s
ur

ge
ry

H
B

O
C

 
di

ag
no

si
s

C
om

pa
ni

on
 

di
ag

no
st

ic
B

re
as

t *
1

O
va

ry
 *

2
Pr

os
ta

te
*3

Pa
nc

re
as

*4
R

is
k-

re
du

ci
ng

 
m

as
te

ct
om

y

R
is

k-
re

du
ci

ng
 

sa
lp

in
go

-
oo

ph
or

ec
to

m
y

Pe
op

le
 w

ith
ou

t c
an

ce
r

N
ot

 
co

ve
re

d
–

N
ot

 
co

ve
re

d
N

ot
 

co
ve

re
d

N
ot

 
co

ve
re

d
N

ot
 

co
ve

re
d

N
ot

 c
ov

er
ed

N
ot

 c
ov

er
ed

B
re

as
t c

an
ce

r 
pa

tie
nt

C
ov

er
ed

C
ov

er
ed

C
ov

er
ed

C
ov

er
ed

N
ot

 
co

ve
re

d
N

ot
 

co
ve

re
d

C
ov

er
ed

N
ot

 c
ov

er
ed

O
va

ri
an

 c
an

ce
r 

pa
tie

nt
C

ov
er

ed
C

ov
er

ed
C

ov
er

ed
–

–
N

ot
 

co
ve

re
d

C
ov

er
ed

–

Pr
os

ta
te

 c
an

ce
r 

pa
tie

nt
N

ot
 

co
ve

re
d

C
ov

er
ed

N
ot

 
co

ve
re

d
–

–
N

ot
 

co
ve

re
d

N
ot

 c
ov

er
ed

–

Pa
nc

re
at

ic
 c

an
ce

r 
pa

tie
nt

N
ot

 
co

ve
re

d
C

ov
er

ed
N

ot
 

co
ve

re
d

N
ot

 
co

ve
re

d
N

ot
 c

ov
er

ed
N

ot
 c

ov
er

ed

Pa
tie

nt
s 

w
ith

 c
an

ce
r 

ot
he

r 
th

an
 

br
ea

st
 c

an
ce

r, 
ov

ar
ia

n 
ca

nc
er

, 
pr

os
ta

te
 c

an
ce

r, 
an

d 
pa

nc
re

at
ic

 
ca

nc
er

N
ot

 
co

ve
re

d
N

ot
 c

ov
er

ed
N

ot
 

co
ve

re
d

N
ot

 
co

ve
re

d
N

ot
 

co
ve

re
d

N
ot

 
co

ve
re

d
N

ot
 c

ov
er

ed
N

ot
 c

ov
er

ed

*1
 M

am
m

og
ra

ph
y,

 b
re

as
t u

ltr
as

ou
nd

, m
am

m
og

ra
ph

y 
M

R
I,

 e
tc

.
*2

 T
ra

ns
va

gi
na

l u
ltr

as
ou

nd
, s

er
um

 C
A

12
5 

tu
m

or
 m

ar
ke

r, 
et

c.
*3

 S
er

um
 P

SA
*4

 M
R

I,
 m

ag
ne

tic
 re

so
na

nc
e 

ch
ol

an
gi

op
an

cr
ea

to
gr

ap
hy

 (M
R

C
P)

 o
r u

ltr
as

ou
nd

 e
nd

os
co

py
 (s

om
et

im
es

 re
pl

ac
ed

 b
y 

co
nt

ra
st

-e
nh

an
ce

d 
C

T
),

 s
er

um
 C

A
19

–9
, e

tc
.

*5
 I

nc
lu

di
ng

 p
at

ie
nt

s 
w

ith
 f

al
lo

pi
an

 tu
be

 c
an

ce
r 

or
 p

er
ito

ne
al

 c
an

ce
r

A. Hirasawa



101

diagnosed with HBOC, and (5) surveillance for patients diagnosed with HBOC. The 
facility regulations stipulated by the Ministry of Health, Labor, and Welfare in Japan 
must be satisfied when applying for insurance medical treatment for HBOC.

2 � Definition of HBOC and Approach to Resolving 
Uninsured Matters

The narrow definition of HBOC is defined as “a cancer susceptibility syndrome, 
including breast and ovarian cancer, caused by germline pathogenic variants in 
BRCA1/2.” Furthermore, a broader definition of HBOC includes the involvement of 
multiple genes related to susceptibility to breast or ovarian cancer beyond BRCA1/2 
[1]. In Japan, the “hereditary breast cancer and ovarian cancer syndromes” regis-
tered in 2020 are not cancer diseases based on this definition. HBOC is a disease 
with a pathogenic variant that increases susceptibility to related cancers, such as 
breast, ovarian, prostate, and pancreatic cancers, regardless of cancer development.

3 � Issues That Japan Needs to Solve in Order to Aim 
for Seamless HBOC Medical Care

3.1 � The Restriction on BRCA1/2 Genetic Testing 
for Confirming the Diagnosis of HBOC for Those Who 
Have Already Developed Breast or Ovarian Cancer Should 
Be Lifted

BRCA1/2 genetic testing for HBOC diagnosis is currently not covered by the public 
health insurance, except in patients with breast or ovarian cancer. Therefore, expand-
ing insurance coverage for BRCA1/2 genetic testing is necessary for the following 
reasons:

	1.	 Individuals suspected of having an HBOC family history, regardless of whether 
they have breast or ovarian cancer.

	2.	 Family members with known BRCA1/2 pathogenic variant carriers in the family. 
First-degree relatives have a high pretest predictive probability of 50%, with 
25% for second-degree relatives and 12.5% for third-degree relatives, possibly 
carrying the same variant as the proband).

	3.	 Case of BRCA1/2 pathogenic variant identified as presumed pathogenic germ-
line variant (PGPV) by comprehensive genome profile (CGP) (Approximately 
80% of the cases in which BRCA1/2 pathogenic variants were identified in tumor 
tissues were derived from the germline [2, 3]).
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3.2 � Removal of Restrictions on Breast Surveillance Only 
for Those Who Have Already Developed Breast or 
Ovarian Cancer

For BRCA1/2 pathogenic variant carriers, surveillance using mammography, breast 
ultrasonography, and mammographic MRI has been reported to improve the early 
detection rate and survival prognosis of breast cancer. However, breast cancer in 
BRCA1/2 pathogenic variant carriers tends to develop at a young age (approxi-
mately 10 years), and women in their 30s and 40s often have dense mammary 
glands, making mammography less useful. The sensitivity of MRI is also known to 
be high. Although both those who have not yet developed breast or ovarian cancer 
and those who have already developed it are at a high risk of developing breast can-
cer, currently, public insurance only covers those who have already developed breast 
or ovarian cancer. Therefore, it is necessary to address the limitations of public 
insurance for patients who have already developed breast or ovarian cancers.

3.3 � Canceling the Limitation of Ovarian Surveillance to Those 
Who Have Already Developed Breast Cancer

If RRSO is not selected in BRCA1/2 pathogenic variant carriers, transvaginal ultra-
sonography and serum CA125 test are considered. However, ovarian cancer surveil-
lance is currently only covered by health insurance for patients who have already 
developed breast cancer. Therefore, expanding insurance coverage for surveillance 
using transvaginal ultrasonography and tumor markers (CA125) is necessary for 
women with BRCA1/2 pathogenic variants and should not be limited to those who 
have already developed breast cancer.

3.4 � The Limitation of Risk-Reducing Salpingo-oophorectomy 
to Patients with Existing Breast Cancer Should Be Lifted

Risk-reducing salpingo-oophorectomy (RRSO) is performed only in women with 
HBOC and breast cancer. Medical law has also shown that the prognosis-improving 
effect of risk-reducing surgery in BRCA1/2 pathogenic variant carriers is indepen-
dent of the onset of breast or ovarian cancer [4]. Therefore, for women with HBOC, 
overcoming the limitations of RRSO for those who have already developed breast 
cancer will lead to a reduction in cancer deaths.
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4 � Risk-Reducing Mastectomy Should Be Lifted from Being 
Limited to Women with Pre-existing Breast or 
Ovarian Cancer

Among HBOCs, risk-reducing mastectomy (RRM) is covered by health insurance 
only for those who have already developed breast or ovarian cancer. However, it is 
required to lift these limitations for those who have already developed breast or 
ovarian cancer.

4.1 � Remove the Restriction on Intractable Diseases for Remote 
Genetic Counseling Covered by Public Insurance

In the 2022 medical fee revision in Japan, remote genetic counseling was covered 
by public insurance but was limited to examinations for intractable diseases, and 
remote genetic counseling for hereditary tumors, including HBOC, was not permit-
ted. As many hereditary tumors have autosomal dominant inheritance, genetic 
counseling involving the simultaneous participation of relatives may lead to cancer 
prevention for the entire family.

5 � Toward Introducing Multigene Panel Testing (MGPT)

Advances in gene analysis technology using next-generation sequencing (NGS) 
have enabled genetic testing to be performed at low cost and with high efficiency. 
Since 2014, the widespread adoption of MGPT, which comprehensively examines 
many candidate genes, has replaced single-gene testing [5]. In the US, the Supreme 
Court did not recognize the patent on BRCA1/2 acquired by Myriad Genetics in 
2013, making it possible for other inspection companies to perform the analysis. 
However, in Japan, while BRCA1/2 genetic testing has been included in public 
insurance coverage since 2020, the identification of hereditary tumor families 
besides HBOC has been omitted.

Our group performed MGPT in 230 epithelial ovarian cancer cases in Japan, of 
which 27 (11.8%) were BRCA1/2-positive. In addition, 14 patients (6.0%) carried 
germline variants of genes other than BRCA1/2 [6]. Although BRCA1/2 genetic 
testing for all patients with epithelial ovarian cancer is covered by medical insur-
ance under the 2020 medical fee revision in Japan, other genes that can be detected 
without MGPT may have been overlooked.

In the United States, in 2017, approximately 90% of tests performed on patients 
with breast and ovarian cancers were multigene panel tests, and full-scale introduc-
tion is an urgent issue in Japan as well [7]. The characteristics of the MGPT are 
summarized in Table 2.
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Table 2  Characteristics of multigene panel testing

Simultaneous diagnosis of multiple hereditary tumor-related genes
Detects variants that are not identified by genetic testing for a single gene (mult-igene 
identification)
Enables detection of genes that cannot be inferred from the phenotype
Cheaper than examining a single gene multiple times and shorter TAT (turnaround time)
If a hereditary tumor is diagnosed, measures can be taken to reduce the risk or early detection in 
collaboration with related clinical departments
There is no medical justification for undue testing if no pathogenic variant is identified
It is possible to decide the treatment policy (drug sensitivity, surgical method, and irradiation)
Testing can be performed regardless of the presence or absence of cancer development

6 � Conclusion

Cancer genomic medicine, which is a national policy of Japan, is defined as “medi-
cal care that optimizes treatment, predicts prognosis, and prevents the onset of can-
cer using the genomic information of tumors and normal parts of cancer patients 
(sometimes even unaffected individuals are targeted). It also includes multiomics 
information other than the genome” [8]. Information on BRCA1/2 germline variants 
is useful for “treatment optimization, prognosis prediction, and onset prevention.” 
Thus, interventions that include those who have not yet developed cancer can con-
tribute to cancer prevention for the nation; therefore, it is desirable that MGPT be 
covered by health insurance.
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Current Status and Future Issues 
of the Activities of the Relevant 
Organizations

Makiko Dazai

Abstract  When hereditary breast and ovarian cancer (HBOC) treatment in Japan 
began to gain momentum, there was a desire to have genetic testing, risk-reducing 
surgery, and PARP inhibitors covered by national health insurance, and, at the same 
time, there was a need for activities to promote correct understanding of HBOC 
among patients and the public. Furthermore, in order to standardize not only HBOC 
but also the treatment of hereditary tumors in general, it was necessary to strengthen 
the system for general education on cancer and genetics for all public, including 
those involved in the disease, and for efforts to solve social issues associated with 
genetic medicine. To this end, we believe that the role of patient and public involve-
ment (PPI) was significant. In other words, the role of patient and public participa-
tion in identifying problems and understanding of research and investigation by 
providing opportunities to exchange opinions with patients and the general public 
was significant and helped to strengthen the HBOC treatment system. In addition, 
as expectations for HBOC treatment grow, we feel that it is essential to further 
strengthen support for the social background and family environment of each client, 
women’s health care, and measures for genetic relatives (unaffected BRCA mutation 
carriers, at risk). In this chapter, we report on the seminars and the publication of a 
guidebook for patients and the general public organized by the Japanese Ministry of 
Health, Labor, and Welfare (MHLW), Research Group (preemptive medical care 
system for hereditary tumors using genomic data) from December 2020 to March 
2022, with the aim of standardizing the treatment of HBOC and promoting the 
awareness and education of hereditary breast and ovarian cancer patients and the 
general public on hereditary tumors (especially HBOC). The publication of the 
guidebook for patients and public will be reported. In addition, we would like to 
report on the current status and issues of HBOC treatment obtained through support 
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activities for patients, as well as the social issues associated with these issues that 
need to be resolved in the future.

Keywords  Hereditary breast and ovarian cancer (HBOC) · BRCA1/2 pathologic 
variant carriers · Unaffected carriers · HBOC treatment system · Patient and public 
involvement (PPI) · Shared decision-making (SMD)

1 � Introduction

It was not the message sent to the world by an international actress in 2013, but the 
partial coverage by National Health Insurance of Hereditary Breast and Ovarian 
Cancer (HBOC) treatment, which came into effect in April 2020, that made a big 
movement in HBOC treatment in Japan and made it widely known to the people 
concerned and public. The fact that the measures for people who have already 
developed cancer are being established as routine medical treatment and the 
strengthening of the medical care delivery system was also strongly felt. Furthermore, 
the change to the fact that PARP inhibitors and companion diagnostics have become 
offered and affordable medical care is so great that it is far different from the level 
of awareness when they were first covered by national health insurance. It is undeni-
able that a large percentage of patients who were reluctant to undergo genetic test-
ing or risk-reducing surgery in the past, even though it was recommended to them, 
now have to wait for their turn to undergo risk-reducing surgery, which has a signifi-
cant impact on reducing their financial burden. In addition, the presence of BRCA1/2 
genetic testing and risk-reducing surgery among the treatment options proposed by 
attending physicians has provided patients with a great sense of security.

In the past, even though HBOC measures in Japan were based on research and 
treatment in private practice, the generation that accepted HBOC in consideration of 
reducing the incidence of cancer and the impact on genetic relatives, and the genera-
tion that was diagnosed under insurance treatment, may have different ways of 
accepting HBOC.  For this reason, in an age when more and more patients can 
choose, we believe that everyone needs to have an equal right to know about 
HBOC. To this end, it is necessary and required to continuously provide informa-
tion that cannot be conveyed in daily medical care, and to increase opportunities for 
sharing and updating information, so that information can reach those who may be 
at risk.

It is expected that someday it will be commonplace for everyone to know their 
physical, which will lead to health management in control of cancer and other dis-
eases and will play a major role in decision-making support in line with one’s 
lifestyle.
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2 � Awareness and Educational Activities for the Public 
and HBOC Patients

It is essential that information be provided by experts in the preemptive medical 
care delivery system. Under the Health and Labor Sciences Research Grants 
Program, a system of regular public lectures has been established to educate patients 
and the public. A series of public lectures titled “What we currently want to talk and 
think about” [Ima, tsutaetai-koto, kangaetai-koto] was held online and open to any-
one, including patients, the public, and students, free of charge. Since their incep-
tion, the lectures have been attended not only by the general public but also by 
genetic counselors, nurses, and other medical professionals and have been used not 
only to raise interest in HBOC treatment but also as a venue for learning basic 
knowledge necessary for actual medical practice.

What We Currently Want to Talk and Think About [Ima, tsutaetai-koto, 
kangaetai-koto] 2020–2022 [1]
	1.	 Cancer and Genes/Genetics 2020.12

Akihiro Sakurai (Sapporo Medical University School of Medicine)
The basics of cancer, genetics, and heredity were described in an easy-to-

understand presentation. He explained the differences between people according 
to their genes, the importance of knowing that cancer is hereditary, and what 
measures can be taken with current medical care by sharing genetic risks not 
only with oneself but also with one’s family.

	2.	 Hereditary Breast and Ovarian Cancer and Risk-Reducing Salpingo-
oophorectomy (RRSO) 2021.2

Yusuke Kobayashi (Keio University School of Medicine).
HBOC from a gynecologist’s perspective.
A detailed explanation of risk-reducing salpingo-oophorectomy (RRSO). 

Possible changes to the body that can occur with removal of the ovaries, fallo-
pian tubes, and uterus. Answers questions about the length of hospital stay and 
cost required for risk-reducing surgery. We have structured this lecture not only 
for patients alone but also for patients with their family members or their part-
ners as well as other lectures.

	3.	 How to Use Genetic Counseling in Hereditary Breast and Ovarian Cancer (HBOC).
2021.3
Noriko Tanabe (National Cancer Center Hospital).
Patients and their family of genetic counseling before undergoing genetic 

testing and in various aspects of treatment and cancer genome medicine. When 
they hear the word “counseling,” they feel resistance, do not know what to ask 
for, and have other concerns. To learn about those concerns and questions, we 
asked him to explain about genetic counseling and certified genetic counselors.

	4.	 Knowledge Is Power, Making the Right Choice for You. Risk-Reducing 
Mastectomy (RRM) 2021.4

Hideko Yamauchi (St. Luke’s International Hospital).
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The fourth issue of this series explained risk-reducing mastectomy (RRM) 
from the perspective of a breast doctor.

The fact that people who are genetically more likely to develop breast cancer 
have the option of having their breasts removed before the onset of the disease. 
She shared the latest information to overcome anxiety, consider what is known 
and what is not known to prevent cancer before it develops, and to make the right 
choice with the right knowledge.

Patients need accurate information from professionals such as doctors. 
Among the patients who received information from specialists at this lecture, 
many of them started consulting with their doctors and actually imple-
mented RRM.

	5.	 Measures Unaffected BRCA Mutation Carrier 2021.6.
Issei Imoto (Aichi Cancer Center)
Starting in April 2020, preventive treatment for HBOC will be partially cov-

ered by national health insurance, and the treatment system at facilities and the 
treatment costs borne by patients are changing significantly.

With the increase in the number of cancer patients with a confirmed diagnosis 
of HBOC, more and more of their genetic relatives, mainly their siblings and 
children, are receiving genetic counseling to learn about their risk and consider-
ing and conducting genetic testing while they are “unaffected” by the disease. 
Does knowing if you are an unaffected BRCA mutation carrier (cancer-prone 
person) before you develop cancer help you manage your health? Is not it bur-
densome just in terms of feelings, cost, time, etc.? These questions were dis-
cussed with the audience.

We could also learn about the difference between BRCA1/2-related genetic 
testing and cancer genomic medicine at the lecture.

	6.	 About Me, and What You Tell My Family 2021.8.
Aya Kanno (Clavis Arcus; Association of Patients for Hereditary breast and 

ovarian cancer syndrome)
In the past, the lectures were mainly conducted by medical professionals, but 

this time, a patient shared her thoughts and experiences about cancer and heredi-
tary cancer from her personal point of view. She talked about her experience of 
sharing her cancer with her family and her newfound awareness about HBOC.

As an HBOC patient, she shared what she felt when she was informed twice 
about cancer and when she came to know she had HBOC. She talked about her 
experiences of telling her daughter and sister about the risk-reduced operation, 
her awareness of HBOC after a lot of experiences, and her thoughts on HBOC 
these days. Telling stories of one’s experiences is precious, and they give cour-
age to the listeners. Some patients even decided to start talking about HBOC 
with their families because of the stories they heard.

As for informing one’s children of HBOC, many people worry about how to 
tell and when to tell in terms of their age and timing. Moreover, this is the most 
talked about topic in peer support. On the other hand, children often want their 
parents to be honest about their cancer and genetics.

	7.	 (1) Cancer and Genes/Genetics

M. Dazai



111

Akihiro Sakurai
(2) Broadening our Understanding Will Support us.
Masahiro Kawakami
It is important to know about heredity and hereditary cancer. By knowing, we 

can aim at a society where we think about each other and care and respect each 
other. We could know how genome medicine and genome analysis have pro-
gressed based on research shared in public lectures.

Other open seminars for medical professionals include “The Role of MRI in 
HBOC Practice and Breast Cancer Surveillance” in March 2021 and “Seminar to 
Explain the 2021 Edition of the Guidelines for Hereditary Breast and Ovarian 
Cancer Treatment” in August 2021.

The videos are still available free of charge on YouTube and the research group’s 
website. (https://www.geneticsinfo.jp).

3 � Cosponsoring and Cooperating With Related Seminars 
to Strengthen Public Awareness Efforts

The “Insight” seminar was cohosted by organizations involved in genome medicine 
to provide a forum for sharing information and discussing solutions to social issues 
in parallel with the accelerating pace of genomic medicine and HBOC treatment.

Through talk sessions on the theme of legislation to eliminate discrimination and 
prejudice caused by genetics and easy-to-understand presentations to the general 
public on how to view and understand the results of research targeting, unaffected 
BRCA mutation carriers have helped to promote understanding of genome informa-
tion management and research.

4 � Guidebook for Treatment and Understanding of HBOC: 
PPI and Products

In July 2022, the MHLW Science Research Group (Akihiro Sakurai) and Japanese 
Organization of Hereditary Breast and Ovarian Cancer (JOHBOC) (Seigo 
Nakamura) published Japan’s first guidebook for patients and public of hereditary 
breast and ovarian cancer, “Hereditary Breast and Ovarian Cancer (HBOC) 
Guidebook for the public 2022”.

The content is in accordance with the 2021 edition of the Hereditary Breast and 
Ovarian Cancer (HBOC) Clinical Practice Guidelines, which were published in 
2021, and explains the actual HBOC treatment as of 2022  in a 59-Q&A format, 
which is divided into 3 chapters plus a collection of columns and documents. The 
Q&A includes the actual voices of doctors, nurses, certified genetic counselors, and 
HBOC patients. The book is aimed at HBOC patients, family members, genetic 
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relatives, the general public, medical professionals, and genetic counselors con-
nected to HBOC-related cancers (breast cancer, ovarian cancer, prostate cancer, 
pancreatic cancer, malignant melanoma, etc.) and is written in a simple, easy-to-
read format. It also includes a list of websites with essential information, a glossary 
of terms, and a list of coverage of National Health Insurance. It is designed for three 
generations of parents, siblings, and children to learn together.

4.1 � Content and Typical Questions [2]

Chapter 1: What you need to know about HBOC.
Q1: What is HBOC?
Q2: If I am diagnosed with HBOC, what type of cancer am I likely to develop?
Chapter 2: What do I need to know if I am diagnosed with HBOC?
Q20: What are my options and choices?
Q21: What is surveillance? Is it different from a Cancer screening?
[Breast cancer]
Q29: What are the characteristics of breast cancer caused by HBOC?
Q30: What about breast self-examination (self-palpation)?
[Ovarian cancer]
Q40: Are there any characteristics of ovarian cancer (fallopian tube cancer and 

peritoneal cancer) that develop with HBOC?
Q41: Please tell me about risk-reducing salpingo-oophorectomy (RRSO)
[Pancreatic cancer, prostate cancer, and other cancers].
Q48: Are there any characteristics of pancreatic cancer that develop in HBOC?
Q49: Is surveillance for pancreatic cancer necessary? How does surveillance 

take place?
Chapter 3 What you need to know to watch out for in daily life.
Q53: Are there any lifestyle habits I should keep an eye on?
Q54: Is there anything I need to avoid or be aware of in my daily life?
Columns, List of HBOC Information
*Information Website.
*List of HBOC Public health Insurance Coverage.
*Glossary and Abbreviations.

4.2 � For Creation and Editing

In creating this book, we intended to share what patients and their families would 
like to know, what their concerns are, and what explanations they would like to have 
from medical professionals. By sharing these, we considered that this book would 
be of benefit to those receiving HBOC treatment. We conducted a preliminary ques-
tionnaire survey for people who are about to receive HBOC medical care and for 

M. Dazai



113

people who have already been through the HBOC treatment on what they would 
like to know and what they wanted to know when they have had the HBOC treat-
ment (request for a questionnaire on the development of HBOC clinical practice 
guidelines). At the same time, the team of developers, who are medical profession-
als, collected questions frequently asked by patients and their families as well as 
information that they always explain during medical treatment.

Therefore, after narrowing down the questionnaires, we have launched full-scale 
Patient and Public Involvement (PPI) based on the Q&A questions.

The development team consists of the overall leader, Yusuke Kobayashi, 
Department of Obstetrics and Gynecology, Keio University School of Medicine, 
and four area leaders who are experts in their fields. The development committee is 
composed of 7 people: a nurse, a certified genetic counselor, a scientific expert, and 
HBOC patients. In addition, there are 14 coauthors and 3 advisors.

4.3 � Introduction to Patient and Public Involvement (PPI)

What was most important in creating this guidebook was that patients and the public 
would read it and use it as a means for getting information about cancer, gene mech-
anisms, and tools for decision-making support related to diagnosis of HBOC. The 
guidebook is not only for patients but also anyone to learn about hereditary breast 
and ovarian cancer.

As I mentioned earlier, clinical practice guidelines for medical professionals 
have already been published, and although the people concerned have been follow-
ing them, it was assumed that it would be difficult for the general public to under-
stand them.

For cancer treatment, it is important that patients and their families correctly 
understand hereditary breast and ovarian cancer, and we value shared decision-
making, in which medical professionals and patients work together to provide 
medical care. In order to increase understanding, we decided to introduce Patient 
and Public Involvement (PPI) from the planning stage, which is what we 
have done.

In the implementation process, three members of the PPI project team (Yusuke 
Kobayashi, Kenta Masuda, and Makiko Dazai) and a total of 82 HBOC patients, 
BRCA1/2 unaffected carriers, non-HBOC breast cancer patients, patients with other 
types of cancer, family members of patients with genetic diseases, and the general 
public participated on the PPI team and worked together. Selecting the participants 
for this book, we considered not only the mere classification of HBOC and diseases, 
but also the positions and diverse ways of thinking in daily life, including those such 
as homemakers, educators, doctors, nurses, pharmaceutical companies, general 
company workers, freelancers, and other occupations and attributes.

Before the exchange of opinions, some of the participants had no experience in 
patient/public participation, so we invited a lecturer to explain PPI and establish the 
roles and objectives of participation.
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The commitment for the meeting for exchanging opinions was 4 times (10 hours). 
In fact, considering that all of the approximately 250 questions provided as prelimi-
nary materials and the completed manuscript (answers) were reviewed, it cannot be 
denied that it placed a burden on those who participated. However, from the process 
in which the author and the development team reviewed and improved each ques-
tion, proposal for revision, and opinions on wording, we were united in our desire 
that the book will be picked up by a large number of people, and they will have a 
correct understanding of HBOC and move forward together.

It is not an exaggeration to say that there has never been a medical guidebook 
that has been completed through the participation of so many public. It is a memo-
rable book produced by the joint effort of medical professionals and the public. I 
hope that many people will deepen their understanding of hereditary breast and 
ovarian cancer through this book and use it as a guide for the treatment of cancer.

5 � Other Research Projects

5.1 � Genetic Cancer Support Program(GCSP)/HBOC Peer 
Support [3, 4]

Proper diagnosis of HBOC is very important because it may affect the treatment and 
postsurgery surveillance methods. In addition, since the genetic constitution may be 
shared by genetic relatives such as brothers, sisters, and children, it is essential to 
improve the quality of HBOC medical care including genetic counseling. By prop-
erly diagnosing not only those who have developed cancer, but also those who have 
the predisposition to HBOC but have not developed cancer, and by providing testing 
for early detection and treatment to reduce the risk of developing cancer in addition 
to optimal treatment, the best personalized medicine can be provided for both 
patients and their families. In order to provide such support to patients and their 
families, peer support is essential for sharing feelings and experiences that are inac-
cessible to medical professionals.

Peer support through various patient support groups, patient discussion groups in 
hospitals, cancer consultation support centers, and medical care providers have been 
implemented in many places in Japan, and the promotion of peer support is called 
for in the Plan for the Promotion of Cancer Control.

Through this course Genetic Cancer Support Program (GCSP), those diagnosed 
with HBOC can work together to think about how they can share their experiences 
and information, and how to maximize the effectiveness of peer support and its role 
in providing high quality mutual support, based on their experiences. The GCSP 
aims to build a mutual support system that builds a secure and trusting relationship 
with one another by educating themselves on accurate basic knowledge of heredity 
and cancer, mutual support for patients, and peer counseling, so that they can pro-
vide peer support.
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5.2 � Future Genetic Medicine That HBOC Patients and Their 
Families Want

Through these activities, it has become possible to provide up-to-date and accurate 
information to patients, their families, and medical professionals. However, the number 
of people diagnosed with HBOC has been increasing rapidly. In the current situation, 
medical professionals need to provide more correct information and medical support 
for those affected, and ongoing awareness and support activities will be essential.

In the future, it will also be essential to raise awareness among men and take 
measures and support for women’s health care after cancer and risk-reducing sur-
gery. It is essential to develop laws against discrimination caused by heredity, since 
discrimination has a psychological impact,

And in terms of school education, advice from medical professionals and support 
for solutions are crucial.

In order to ensure that people can receive HBOC medical treatment with peace 
of mind wherever they are, we will create opportunities for interaction and exchange 
of ideas with people in various positions, establish a support system.

I think that we should implement initiatives that are considerate of “people in 
society, environment and medical care”, sustainable and safety-oriented in all 
across Japan.

Finally, looking back on the history of HBOC treatment, it gives us hope that we 
have walked the path together with medical professionals and researchers from the 
time when it was all private practice to the time when it is partially covered by 
health insurance. It has been a big support.

Guidebooks that could not be found 10 years ago are now available to everyone, 
and information on HBOC sought by patients and the public is regularly released, 
creating an environment in which questions can be answered. Our next agenda is 
further advance of our understanding of social issues and the problems of unaf-
fected carriers who are not yet covered by health insurance, which is for ourselves 
and for our next generation.

Not only do I feel sad when I learn that I have hereditary cancer, but I also feel 
my future is bright because of knowing that I have hereditary cancer. No matter how 
painful the treatments have been, I am proud of myself as an HBOC survivor. The 
reason why I feel like that is that I am grateful that there are medical professionals 
in front of me who are willing to go ahead, reach out, and lift me up, even when the 
barriers are insurmountable.

6 � About “Clavis Arcus”

Clavis Arcus, the first and only patient association supporting BRCA1 and BRCA2 
pathogenic variant carriers and their families in Japan. The organization was estab-
lished in 2014 and certified as a nonprofit organization by the Tokyo Metropolitan 
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Government in 2015. The organization aims to provide a gathering space for the 
members to support each other and to deepen knowledge and understanding of 
hereditary tumors. There are 145 members among Japan and has a branch in 
Pennsylvania, US.

They organization provides consultations by phone, e-mail, and in person as well 
as holding patients’ gatherings. We started the “Institute of Genetic Studies” for 
further understanding of hereditary cancers, education for peer supporter, and holds 
Learning about Genetics for Families seminars annually.

Recently, photo panel exhibitions is running nationwide in Japan. The photos 
consist with the image of the members themselves and letters from their family [3] 
(http://www.clavisarcus.com)

7 � About “Genetic Alliance JP”

Genetic Alliance JP was established through the alliance and cooperation of patients 
suffering from hereditary disorders, their families, and related organizations to 
materialize and spread appropriate genomic medicine through mutual support, edu-
cation and awareness, policy proposals, research and study, health care, and welfare 
improvements activities as well as to resolve hereditary cancer patients’ social 
issues. To date, 14 organizations related to genomic medicine are part of this alli-
ance [5] (https://www.geneticalliance.jp).
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Significance of Understanding HBOC 
for At-Risk Relatives in Prostate 
and Pancreatic Cancer Patients Who 
Tested Positive on the Germline BRCA1/2 
Genetic Testing in the Current Japanese 
Healthcare System

Eriko Takamine

Abstract  Germline BRCA1/2 genetic testing for prostate and pancreatic cancer 
patients who meet certain criteria was recently approved in the Japanese healthcare 
system as a companion diagnostic test to see the eligibility for poly (ADP-ribose) 
polymerase (PARP) inhibitors, olaparib. When a pathogenic variant is identified 
through the test, it indicates that they are eligible for olaparib, but this also confirms 
that they have hereditary breast and ovarian cancer (HBOC). Once HBOC is con-
firmed, it becomes important to consider utilizing that information for their family. 
This chapter discusses perspectives including the importance of accurate under-
standing of HBOC, influences on their at-risk relatives, and communication with the 
relatives of prostate and pancreatic cancer patients.
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1 � Introduction

Hereditary breast and ovarian cancer (HBOC) is one of the most common heredi-
tary cancer predisposition syndromes. Breast cancer and ovarian cancer are major 
symptoms of HBOC, but other cancers such as prostate cancer and pancreatic can-
cer are known to be associated with it as well [1, 2]. Even though prostate and 
pancreatic cancers are not emphasized as much as it is with breast and ovarian 
cancer, it is essential to focus on them as well. Statistically, prostate cancer is the 
most common cancer among males in Japan [3]. The number of newly diagnosed 
prostate cancer patients was 92,021 in 2018 and that of those who died with it was 
12,759  in 2020 [3]. Of those numbers, pancreatic cancer represented 42,361 and 
37,677, respectively [4]. In Japan, HBOC is reported to be found in about 1.2% of 
prostate cancer patients [5] and about 3.4% of pancreatic cancer patients [6].

HBOC is caused by a pathogenic or likely pathogenic variant (both together 
referred as pathogenic variants below) in the BRCA1 and BRCA2 genes [1, 2]. Since 
causative genes are identified, genetic testing is used to diagnose it.

With clinical experiences and perspectives as a certified genetic counselor, the 
author discusses the significance of understanding HBOC for at-risk relatives of 
prostate and pancreatic cancer patients who are diagnosed as HBOC in the current 
Japanese healthcare system.

2 � Brief History of Germline BRCA1/2 Genetic Testing 
in the Japanese Healthcare System

2.1 � Prior to the Public Health Insurance Coverage

Germline BRCA1/2 genetic testing was performed only without public health insur-
ance until 2018. In other words, patients had to pay the cost on their own which was 
roughly JPY 200,000 to 300,000 for testing the two genes. It was normally recom-
mended to those who had breast or ovarian cancer and met certain criteria such as 
the NCCN guidelines® for HBOC. Genetic counseling was provided to help them 
understand HBOC and discuss pros and cons of taking the genetic testing. However, 
the cost hindered patients from taking it. Additionally, patients are required to pay 
the fee of pre–genetic counseling and post–genetic counseling sessions which are 
not covered by the insurance. Even if patients were diagnosed as HBOC, almost all 
following actions such as active surveillance of cancer, risk-reducing salpingo-
oophorectomy (RRSO) and risk-reducing mastectomy (RRM) had to be done with-
out the insurance. Also, there was no medicine approved specifically for HBOC. At 
that time, patients with prostate or pancreatic cancer were not actively targeted by 
the genetic testing.
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2.2 � Insurance Coverage for Breast Cancer 
and Ovarian Cancer

Germline BRCA1/2 genetic testing was first covered by the public health insurance 
with the revision of medical fee (the ministry of health, labor, and welfare) in 2018 
as a companion diagnostic test (CDx) of olaparib, poly (ADP-ribose) polymerase 
inhibitors, for HER2 negative metastatic or recurrent breast cancer. There were mul-
tiple genetic testing companies, but BRACAanalysis® provided by Myriad Genetics, 
Inc. was the only test that was approved with the insurance. In the following year, 
the testing was covered as CDx of olaparib for maintenance treatment of platinum-
sensitive ovarian cancer after first chemotherapy.

The cost of the testing was set at JPY 202,000; however, patients’ financial bur-
den has decreased to 30% of it at most due to the insurance coverage. Along with 
that, the post-test genetic counseling session started to be covered at registered insti-
tutions of genetic counseling only if pre-test counseling had been provided. Some 
institutions which did not meet the genetic counseling requirements still had to 
provide it for free or at patient’s own expense.

2.3 � Insurance Coverage for HBOC

In 2020, the germline BRCA1/2 genetic testing for breast cancer patients who meet 
the criteria in Fig. 1 and the ovarian cancer patients is covered by the insurance for 
the diagnosis of HBOC [7], which was the first approval not as CDx. Along with the 
HBOC diagnosis, prophylactic surgeries such as RRSO and RRM, breast recon-
struction, and breast surveillance with MRI are covered. This was the first approval 
to resect organs that have not developed any symptoms. However, this approval 
increased the number of at-risk relatives who are completely healthy and not eligi-
ble for the genetic testing with the insurance.

Fig. 1  Requirements to 
take the germline BRCA1/2 
genetic testing for the 
diagnosis of HBOC in the 
current Japanese healthcare 
system [7]. Breast cancer 
patients need to meet at 
least one of the 
requirements. Any type of 
ovarian cancer patients is 
eligible for the testing
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2.4 � Insurance Coverage for Prostate Cancer 
and Pancreatic Cancer

At the end of 2020, the germline BRCA1/2 genetic testing was approved to be cov-
ered by the insurance for metastatic castration-resistant prostate cancer (mCRPC) 
and unresectable pancreatic cancer as CDx of olaparib. For prostate cancer, somatic 
BRCA1/2 genetic testing also became available since among those who have germ-
line or somatic BRCA variants, roughly half of them is known to be somatic [8, 9] 
and both of them are eligible for olaparib. For pancreatic cancer, however, germline 
testing was the only approved test. In the history of HBOC practice in Japan, these 
two cancers were not discussed as often as breast and ovarian cancers. Hence, some 
considerations need to be made when it comes to practice which will be stated in the 
next section.

3 � Prostate Cancer Patients and HBOC

3.1 � Background of Those Who Take the Germline 
BRCA1/2 Testing

According to the case-control study conducted by Momozawa et al., the mean age 
at diagnosis of prostate cancer without germline pathogenic variants was 71.0 and 
that of with pathogenic variants was 69.0 which is 2.0 years younger, although this 
study targeted six other genes such as HOXB13 and ATM as well [5]. That is, when 
they are diagnosed as HBOC through CDx, which cannot be conducted until they 
have mCRPC, many of them are assumed to be in their 70s and 80s. Although 
patients are at least briefly explained about HBOC before taking the germline 
BRCA1/2 genetic testing, their main interest is eligibility of olaparib. In addition, it 
is indicated that prostate cancer with a germline BRCA2 variant has a higher Gleason 
score and is aggressive [5].

Typically, in most cases, patients’ primary physicians order germline BRCA1/2 
genetic testing, and when it comes back positive, they send patients to genetic coun-
seling. On the other hand, some institutions send all patients to genetic counseling 
before the test. The flow of the test varies depending on the institution.

3.2 � Patients’ Accurate Understanding of HBOC

The name HBOC could potentially cause misunderstanding of the genetic condition 
since the name has breast and ovaries but not prostate, giving the patients the 
impression that it is not applied to prostate cancer patients or males. Therefore, it is 
essential to emphasize that it affects both males and females and recommend them 
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to go to genetic counseling at least once to understand the whole picture. Patients 
who normally see their physicians alone and hear the positive results might not be 
aware of the significance of HBOC. Furthermore, not all HBOC family has family 
history of cancer, especially when the family size is limited or a variant is inherited 
from the paternal side. In addition, aging and hearing problem could come into play 
when understanding. Therefore, genetic counseling providers may need to pay extra 
attention to that aspect of them. Some patients may want to avoid talking about 
genetic inheritance due to potential cultural and social stigma or prejudice.

3.3 � Influences on Family

When diagnosed as prostate cancer in their 70s and 80s, most of their children, 
nieces and nephews are already grown up if they have them. In addition, it is not rare 
to have grandchildren. Therefore, emphasizing on familial influence plays an impor-
tant role when explaining about HBOC to the patients.

For example, an 80-year-old man just found out he has a BRCA2 pathogenic vari-
ant. As drawn in Fig. 2, he (II-2) has two daughters who are 49 (III-4) and 46 (III-6) 
years old and they also have children (IV-7, 8, 9, 10, 11). Since HBOC is inherited 
in the manner of autosomal dominant, each of his daughters has a 50% of chance of 
having the same variant. They have not developed any cancer at this point, but it 
does not eliminate the chance.
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Fig. 2  An example family tree of a prostate cancer patient with a germline BRCA2 pathogenic 
variant. The patient (II-2) who is colored is the proband (P) and diagnosed as prostate cancer. He 
has two daughters (III-4, 6). He also has an older brother (II-1), a younger brother (II-4), and a 
younger sister (II-5). None of them has developed cancer at this point
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3.3.1 � Genetic Counseling with Family

The main focus for the prostate cancer patients is to treat cancer, so their main 
interest would be using olaparib. Even if they understand HBOC, they might not 
perceive there is an impact on themselves due to their age or the fact they have 
already developed cancer. Therefore, the significance of understanding genetics 
and HBOC could be disregarded. Also, having advanced cancer may not give 
them enough time to think. Considering the situation, physicians and other medi-
cal professionals should advise them to go to genetic counseling with their family 
relatively soon. In the case of Fig. 2, his wife (II-3) and/or his daughters (III-4, 6) 
could be potential companions. His daughters are in their 40s, which means they 
have already reached the age of developing HBOC-related cancer and should 
undergo appropriate surveillance if they also have the pathogenic variant.

Some patients could be hesitant telling the fact of having HBOC to their children 
for various reasons. One possible reason is that they are worried that they have 
inherited the variant from them which causes guilt toward their children, and have 
not realized the significance of potential actions for at-risk relatives such as surveil-
lance, RRSO, and RRM. If patients are still not willing to share the information with 
their family after learning about HBOC, its inheritance pattern, and actionability, 
their opinions need to be respected. However, that is not the end of genetic counsel-
ing. They may change their opinions in the future, so approaching them occasion-
ally is recommended.

In Fig. 2, if the patient’s daughters learn about themselves being at risk, they 
might want to talk with their partners and, if possible, their children. However, one 
of the children (VI-7) may face a conflicting situation since she is engaged with her 
partner, and it might be hard for her to decide when she would like to tell him about 
HBOC that runs in her family.

3.3.2 � Communication With Extended Family

In Fig. 2, the patient (II-2) has two brothers and a sister who are in their 70s and 80s 
and have not developed cancer. Ideally, he tells them about HBOC and they would 
visit genetic counseling nearby to get more information about it. The chance of 
them not having the variant might be higher because they have not developed cancer 
up until this age. Nonetheless, it still does not eliminate the chance since the pene-
tration rate of HBOC is not 100% [2]. Also, they have children and grandchildren, 
so surveillance and prophylactic surgeries need to be considered as appropriate if 
they also have the variant. However, communication with extended family could be 
challenging depending on the relationships so cautions and advice from genetic 
counseling providers may be needed.
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4 � Pancreatic Cancer Patients and HBOC

4.1 � Background of Those Who Take the BRCA1/2 Testing

As stated, the number of pancreatic patients has been increasing, and in 2018, the 
number of newly diagnosed patients was 42,361, which included both males and 
females [4]. The number of deaths was 36,677 in 2020, and the 5-year relative sur-
vival rate of those who were diagnosed between 2009 and 2011 was 8.5% [4]. As 
the statistics shows, the prognosis of pancreatic cancer is poor. The mean age at 
diagnosis is 67 for all pancreatic cancer patients, and unlike other HBOC-related 
cancers, carrying a pathogenic variant does not seem to affect the age at diagnosis 
[6]. If pancreatic cancer patients with a pathogenic variant have children, most of 
their children are likely in their 20s to 30s, possibly in 40s when the patients are 
diagnosed with HBOC.

4.2 � Accurate Understanding of HBOC

As is the case with prostate cancer, the patients need to understand what HBOC is 
accurately, although there is no “pancreas” in the name of the disease. When 
patients’ physical conditions worsen, treating cancer with olaparib may become the 
only focus they can handle at the time, leaving the understanding of HBOC and 
genetics behind. Considering the situation, support from their family especially 
their partners play a part in communicating about HBOC to at-risk relatives. 
Therefore, it is recommended to bring at least one relative when they hear results of 
germline BRCA1/2 genetic testing.

4.3 � Influences on Family

Like prostate cancer patients, it is important for pancreatic cancer patients to visit 
genetic counseling with their family and, as needed, communicate with their 
extended family. However, children of pancreatic cancer patients who just found out 
to have a BRCA pathogenic variant through CDx are more likely to be younger than 
those of prostate cancer due to the patients’ age of diagnosis. Since most of them are 
assumed to be in their 20s and 30s, some may be facing major life events such as 
marriage and pregnancy. Hence, conflicts whether to tell them about HBOC now or 
later could possibly arise.

If female children have the pathogenic variant, they may be already at the age to 
start the surveillance for breast and ovarian cancers. Regardless of their biological 
sex, they are recommended to start surveillance for the pancreas after the age of 50 
years since they have a first-degree family history of pancreatic cancer [10]. 
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Pancreatic cancer screening is not actively performed for healthy individuals [10]. 
Therefore, it is ideal to go to genetic counseling occasionally or have a physician 
who oversees them so that when they reach the age, they can start the surveillance. 
However, healthy individuals are not covered by the insurance to receive the surveil-
lance as of now, so cost could be challenging depending on the individuals.

5 � Roles of Genetic Counseling Department

What has been described above about prostate and pancreatic cancer patients is 
crucial and needs to be considered before and when genetic counseling is provided. 
Nonetheless, patients are not the only ones who battle the genetic conditions. 
Medical professionals also battle building an environment where they can commu-
nicate with other related departments to provide appropriate medical service and 
information at the right time to the patients. To be specific, physicians and genetic 
counseling providers such as medical geneticists and genetic counselors are recom-
mended to have a meeting on a regular basis to get to know the role of each depart-
ment and exchange most recent information to establish HBOC practic as a whole.

Once patients visit genetic counseling, it is an important step forward to potential 
utilization of the genetic information in the family. A family tree would be drawn, 
and at-risk relatives would be identified. Patients are not forced to talk to their fam-
ily if they do not wish to do so. The pros and cons of disclosing HBOC to relatives 
such as surveillance and the possible psychosocial burden are discussed. If they 
could guide relatives to genetic counseling, the relatives may take advantage of the 
genetic information. The relatives’ desire and willingness to take the genetic testing 
should be respected. Even if they do not desire to take it soon, information about 
genetic counseling should be provided, so that they at least know where to go for 
testing or more information in the future.

The genetics department is in the position where they take the lead within an 
institution to build a team for HBOC practice as they keep track of patients’ and 
their relatives’ health management situations and familial communications 
comprehensively.

6 � Conclusion

Since the introduction of germline BRCA1/2 genetic testing as CDx for prostate and 
pancreatic cancer patients in 2021, some of them are diagnosed as HBOC along 
with the eligibility of olaparib. At-risk relatives could benefit from the patients’ 
accurate understanding of HBOC and utilize the information for their health man-
agement once they learn about HBOC through genetic counseling. In the long run, 
it can be beneficial to share the information with patients’ relatives. Although the 
current insurance coverage does not cover healthy relatives’ testing, surveillance, 
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and prophylactic surgeries, knowing the genetic information could play an impor-
tant role in the family especially for female offspring since many of them are 
assumed to have reached the recommended ages of surveillance. For the better 
HBOC practice, collaboration and communication among medical professionals 
such as primary physicians, medical geneticists, and genetic counselors will be 
essential.
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Handling Germline Findings in Ovarian 
Cancer Cases

Mika Okazawa-Sakai

Abstract  Comprehensive cancer genomic profiling (CGP) can potentially detect 
presumed germline pathogenic variants (PGPVs) in genes associated with heredi-
tary diseases, and these are called germline findings. CGP contributes to the identi-
fication of germline variants in patients without a history of hereditary cancers. 
Approximately 25% of all ovarian cancers are caused by an inherited genetic factor. 
Detection of PGPVs leads to the identification of at-risk relatives and assessment 
and management of current and future cancers in patients and their relatives. 
Germline findings provide an opportunity to administer optimal molecular-targeted 
drugs. The presence of pathogenic variants BRCA1/2 or homologous recombination 
repair deficiency confers sensitivity to poly (ADP-ribose) polymerase inhibitors in 
patients. Patients harboring DNA mismatch repair deficiency are highly sensitive to 
immune checkpoint inhibitors. Somatic genetic findings from CGP should be inter-
preted carefully, especially in patients with ovarian cancer. Improvement in the pro-
portion of patients who undergo confirmatory germline genetic testing is an urgent 
task in the era of precision oncology.
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Homologous recombination deficiency · Genetic counseling
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1 � Introduction

Comprehensive cancer genomic profiling (CGP) is being rapidly integrated into 
oncology practice with the evolution of next-generation sequencing (NGS) technol-
ogy. While the major goal of CGP is to identify variants with potential therapeutic 
implications, CGP can potentially detect pathogenic germline variants in genes 
known to be associated with hereditary diseases, which are called germline findings 
[1]. Germline findings can have implications in treatment determination, risk assess-
ment, and management of cancer in patients and their families. For example, patients 
harboring some germline pathogenic variants in homologous recombination repair 
genes, such as BRCA1 and/or BRCA2 (BRCA1/2) and ATM, are highly predictive of 
response to poly (ADP-ribose) polymerase (PARP) inhibitors [2–6]. In addition, 
identification of individuals carrying a pathogenic germline variant in cancer pre-
disposition genes, such as BRCA1/2, allows for the prevention and early detection 
of future cancers [7]. Several guidelines have been established for clinicians to 
determine which patients should be referred to genetic specialists through CGP 
[1, 8–11].

Currently, genetic testing for germline and/or somatic BRCA1/2 is essential for 
the care of ovarian cancer patients [7, 12, 13]. Previous studies have revealed a high 
frequency of heritable genetic conditions—approximately 18–24% of all ovarian 
cancers [14–17]. The increased detection of potentially clinically significant germ-
line pathogenic variants has given rise to the need for an optimal approach to germ-
line findings in care of ovarian cancer. This chapter describes the handling of 
germline findings recognized in CGP and their contribution to the identification of 
a family of hereditary ovarian cancers.

2 � How to Evaluate Hereditary Predisposition to Cancer 
in Patients Undergoing CGP

2.1 � Presumed Germline Pathogenic Variants

NGS technology permits the characterization of large amounts of DNA sequences 
and sequence variants detected in the tumor, including both somatic variants 
acquired during cancer development and germline variants. Although the origin of 
the variants is difficult to determine using tumor-only sequencing assays, germline 
pathogenic variants are inferred from CGP results without direct analysis of germ-
line DNA. CGP-detected pathogenic variants of potential germline origin are called 
presumed germline pathogenic variants (PGPVs) [1].

Previous studies have revealed that 3–17% of patients undergoing cancer 
genomic profiling tests carry germline pathogenic variants [18–24]. Since June 
2019, CGP tests have been reimbursed by the Japanese National Health Insurance 
System for cancer patients with unknown primary sites, rare tumors, or solid tumors 
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refractory to standard treatment. Previous reports on CGP findings in core hospitals 
in Japan have demonstrated that 2–17% of patients have a tumor harboring PGPVs 
[25, 26]. In Japan, CGP testing has been performed in clinical practice using one of 
the following NGS-based panels: FoundationOne® CDx Cancer Genomic Profile 
(Foundation Medicine, MA, USA), OncoGuide™ NCC Oncopanel System 
(Sysmex, Kobe, Japan), or FoundationOne® Liquid CDx (Foundation Medicine, 
MA, USA) (as of May 5, 2022).

The FoundationOne CDx Cancer Genomic Profile is a tumor-only testing using 
DNA isolated from formalin-fixed paraffin-embedded (FFPE) tumor tissue speci-
mens (tissue-based test). The PGPVs can be inferred from this test accordingly 
(Table 11.1). The OncoGuide NCC Oncopanel System is a tumor-normal paired test 
with germline variant subtraction. FFPE sections and peripheral blood are collected 
from the same patients, and the tumor and normal DNA are analyzed simultane-
ously. In this test, germline variants detected in normal DNA are subtracted from 
those detected in the tumor DNA. This panel also has a specific program to identify 
pathogenic germline variants using NGS data obtained from peripheral blood 
DNA. Pathogenic germline variants are detected in some genes associated with can-
cer predisposition (Table 11.1). The FoundationOne Liquid CDx Cancer Genomic 
Profile is a circulating tumor cell-free DNA (ctDNA)-based (liquid-based) test. The 
PGPVs can be inferred from this test accordingly (Table 11.1).

2.2 � Genes Recommended for Reporting to Patients

Several guidelines have been published to assist clinicians in determining which 
patients should be referred to genetic specialists based on the CGP results. In 2012, 
the American College of Medical Genetics and Genomics (ACMG) published a 
minimum list of genes for which germline variants should be reported by clinical 
laboratories [27]. This list was updated in 2017 and 2021, respectively, and it finally 

Table 11.1  Cancer genomic profiling tests and germline findings

Panel Testing method Germline findings

FoundationOne® CDx 
Cancer Genomic Profile

Tumor-only testing PGPVs can be inferred

OncoGuide™ NCC 
Oncopanel System

Tumor-normal paired testing
 �� • With germline variant 

subtraction
Any pathogenic germline 
variants may be invisible

 �� • With specific program of some 
genes associated with cancer 
predisposition

Pathogenic germline variants 
can be detected in the 
applicable genes

FoundationOne® Liquid 
CDx Cancer Genomic 
Profile

Circulating tumor DNA testing PGPVs can be inferred

PGPVs presumed germline pathogenic variants

Handling Germline Findings in Ovarian Cancer Cases
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included 73 genes [28, 29] (Fig.  11.1; genes included in a green circle). The 
European Society of Medical Oncology (ESMO) and the French Society of 
Predictive and Personalized Medicine (SFMPP) have recommended lists of genes 
for inclusion in reports for germline findings [10, 11] (Fig. 11.1; genes included in 
purple and blue circles, respectively). In addition, the National Comprehensive 
Cancer Network (NCCN) guidelines specify genes for which the presence of germ-
line pathogenic variants require specific management [7, 30] (Fig.  11.1; genes 
described in bold letters). The guidelines were modified to select genes recom-
mended for reporting to patients and for being adopted in Japan [8] (Fig. 11.1; genes 
described in red letters).

Fig. 11.1  Genes recommended for return of results. The lists of genes recommended for the return 
of results in ACMG (genes included in a green circle) [29], ESMO (genes included in a purple 
circle) [10], SFMPP (genes included in a blue circle) [11], NCCN guidelines (genes described in 
bold letters) [7, 30], and the Japanese Guideline (genes described in red letters) [8] are compared 
accordingly. The genes shown in the SFMPP part of this figure are “class 1 genes,” which are 
defined as those for which information given to patients is recommended by the SFMPP [11]. This 
figure is created by the author. SFMPP, French Society of Predictive and Personalized Medicine; 
ACMG, American College of Medical Genetics and Genomics; ESMO, European Society of 
Medical Oncology; NCCN, National Comprehensive Cancer Network
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2.3 � Interpretation of Variants for Clinical Significance

The variants detected through CGP are evaluated based on the following public 
databases to annotate the pathogenicity: Catalog of Somatic Mutations in Cancer 
(COSMIC) [31], cBioPortal [32], and Clinical Interpretations of Variants in Cancer 
(CIViC) for somatic variants [33], and ClinVar for the relationship between germ-
line variants and diseases [34]. The pathogenicity of the variant is classified using a 
five-tier system according to the guidelines established by ACMG and the 
Association for Molecular Pathology: benign, likely benign, variant of uncertain 
significance, likely pathogenic, and pathogenic [35]. Only pathogenic or likely 
pathogenic variants are reported accordingly.

2.4 � Genetic Counseling–Referral Flow 
in CGP-Performed Patients

Figure 11.2 summarizes the genetic counseling-referral flow in CGP-performed 
patients as described in the guidelines [1, 8–10].

Generally, somatic pathogenic variants are not frequently detected in BRCA1/2, 
PALB2, MSH2, and MSH6 by tumor DNA sequencing. Especially, almost 80% of 
pathogenic variants in BRCA1/2 are of germline origin, i.e., high germline-
conversion rates [10]. Therefore, all of pathogenic variants detected in BRCA1/2 
should be consider as PGPVs. In contrast, when pathogenic variants are detected in 
genes other than BRCA1/2, the variant allele frequency (VAF) supports clinicians to 
recognize the variants as PGPVs since the VAF of heterozygous germline variants 
generally ranges from 30% to 70% in tissue-based tests [10] and approximately 
50% in liquid-based tests [36]. The ESMO presented the criteria for suspecting 
germline origin through tumor-only testing to achieve ≥10% germline-conversion 
rate per gene; targeted variants considered germline findings were restricted to those 
with VAF >30% (single nucleotide variants) or > 20% (small insertions/deletions) 
[10]. Indeed, liquid-based tests are more informative than tissue-based tests in the 
detection of PGPVs using VAF; however, the utility for the screening of germline 
variants remains unclear due to discrepancies in interpretation between somatic and 
germline sequence variants and technical limitations in tumor DNA sequencing to 
detect a broad spectrum of pathogenic variants that cause inherited disease predis-
position [1].

Importantly, the VAF in tissue-based tests depends on the tumor purity, DNA 
ploidy, and local copy number [37]. If pathogenic or likely pathogenic variants are 
detected in genes that are commonly mutated in cancer, such as APC, NF1, PTEN, 
RB1, STK11, and TP53, reassessment of personal and family history is recom-
mended (e.g., polyposis in APC or neurofibromas in NF1) [1].

Handling Germline Findings in Ovarian Cancer Cases
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Assessment of personal and family history

Patients meet criteria 
for germline genetic 

testing

Patients are 
recommended for 
referral to genetic 

specialists.

Patients do not meet 
criteria for germline 

genetic testing

Pathogenic/likely pathogenic 
variants in genes recommended 

for return of results

No Yes

Patients are not 
recommended for referral 

to genetic specialists.

BRCA1/2

Patients are 
recommended for 
referral to genetic 

specialists.

Genes other than 
BRCA1/2

The reassessment of 
personal and family 
history is needed for 

decision for referral to 
genetic specialists.

Fig. 11.2  Summary for referral to genetic specialists based on personal and family history and 
results of CGP. First, any patient for whom personal and/or family history meets the criteria for 
germline genetic testing is recommended for referral to genetic specialists. Second, when BRCA1/2 
pathogenic/likely pathogenic variants are detected, genetic specialists should be considered regard-
less of the tumor type and variant allele frequency (VAF). Lastly, when pathogenic/likely patho-
genic variants in genes on the lists of guidelines for the return of results except for BRCA1/2 are 
detected, a reassessment of personal and family history is needed for referral to genetic specialists, 
especially APC, NF1, PTEN, RB1, STK11, and TP53. Exclusion or confirmation of germline origin 
using VAF alone is not recommended in such patients. This figure is created by the author referring 
to the guidelines [1, 8–10]

2.5 � Personal and Family History in the Evaluation 
for Hereditary Predisposition

The frequency of PGPVs fluctuates according to cancer type, tumor sample quality, 
tumor purity, somatic copy number alterations, genes analyzed in cancer genomic 
profiling, variant type, and testing method of cancer genomic profiling [1, 22, 37]. 
A recent large cohort study analyzed tumor and blood massive parallel sequencing 
data from 21,333 cancer patients and demonstrated that tumor-only sequencing 
failed to detect 10.5% of clinically actionable pathogenic germline variants in can-
cer susceptibility genes [22]. Therefore, germline genetic testing should be consid-
ered for patients with a personal and family history of hereditary cancer, but no 
PGPVs (Fig. 11.2). Exclusion or confirmation of germline origin using VAF alone 
is not recommended in such patients.
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Personal and family history are essential for the identification of an individual 
with a risk of inherited predisposition to malignancy or other diseases. The American 
Society of Clinical Oncology (ASCO) recommends that the family history of 
patients with cancer should be assessed at the initial visit and reassessed periodi-
cally [38]. Generally, a hereditary cancer predisposition is considered if the patient 
displays an early age of cancer onset, multiple affected relatives with cancer on the 
same side of the family, or multiple primary tumors. Historically, a threshold for 
triggering germline test of 10%, which was based on personal and family history of 
cancer, has been widely adopted from the recommendation of the UK National 
Health Service [39]. Since approximately 25% of all ovarian cancers are caused by 
a heritable genetic condition [13], recent guidelines demonstrate that germline 
genetic testing for BRCA1/2 should be conducted for all patients with ovarian can-
cer at initial diagnosis [7, 13, 40–43].

Finally, it should be noted that a normal or negative result for tumor sequencing 
is not equivalent to a normal/negative germline result [1]. Sequencing of germline 
DNA is the most sensitive approach, and sequencing of tissue DNA possibly misses 
almost 5% of germline pathogenic variants [5]. Germline genetic testing is still 
recommended for patients with ovarian cancer, even if tumor-only testing shows no 
BRCA1/2 pathogenic variant. Multigene panel testing for germline sequencing that 
includes BRCA1/2, other homologous recombination repair genes, and DNA mis-
match repair genes would be useful for such patients [13].

3 � Clinical Utility of Germline Findings for Patients 
with Ovarian Cancer

3.1 � Cancer Treatment

Screening is ineffective for ovarian cancer, and most patients are diagnosed with 
advanced disease. The standard therapy for patients with ovarian cancer has consists 
of cytoreductive surgery followed by platinum-based chemotherapy for almost 
20 years [44]. While the response rate for first-line platinum-based chemotherapy is 
~80%, most patients will experience recurrence within 2 years [44]. The introduc-
tion of PARP inhibitors has transformed treatment of ovarian cancer [44]. Inhibition 
of PARP generates single-stranded DNA breaks and accumulates double-stranded 
breaks, which require homologous recombination repair. Germline or somatic 
BRCA1/2 mutation is strongly predictive for efficacy of PARP inhibitors in patients 
with ovarian cancer [5, 45]. Moreover, approximately 50% of tissue in ovarian can-
cer has HRD, and the efficacy of PARP inhibitors was confirmed in the patients 
harboring HRD or platinum-sensitivity in the tumor [46–51]. Currently, olaparib 
and niraparib are approved for maintenance therapy after response to platinum-
based chemotherapy on the first-line treatment and the platinum-sensitive recurrent 
setting, i.e., the recurrence occurred at >6  months after the last platinum 
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administration, in Japan (as of May 5, 2022) (Table 11.2). Germline BRCA1/2 test-
ing and HRD assays have become routine for ovarian cancer treatment (Table 11.2).

The frequency of microsatellite instability (MSI)-high or mismatch repair defi-
ciency in ovarian cancer is not very high, ranging from 3–12% [52–55]. A meta-
analysis revealed an overrepresentation of nonserous histology in ovarian cancer 
with mismatch repair deficiency [55]. These data support testing for MSI status or 
mismatch repair determined from tumor tissue in patients with ovarian cancer, espe-
cially for those with nonserous histology. Patients with MSI-high or MMR defi-
ciency are responded to immune checkpoint blockade. Pembrolizumab, an 
anti-programmed death 1 (PD-1) inhibitor, has been approved for patients with 
MSI-high, unresectable, or metastatic cancer in Japan.

3.2 � Identification of a Family of Hereditary Ovarian Cancer

Germline pathogenic variants of BRCA1/2 are associated with an increased risk of 
breast, ovarian, pancreatic, and prostate cancers. The cumulative lifetime risk of 
ovarian cancer is 44% in BRCA1 and 17% in BRCA2 mutation carriers [56]. Risk-
reducing bilateral salpingo-oophorectomy (RRSO) decreases the incidence of ovar-
ian cancer and reduces 68% of overall mortality [57]; the role of RRSO in cancer 
prevention is well-established for women harboring germline pathogenic variants in 

Table 11.2  Approvals for PARP inhibitors for patients with ovarian cancer in Japan (as of May 
5, 2022)

PARP 
inhibitor Biomarker Setting

Pivotal trials 
supporting the 
approval

Olaparib Germline or 
somatic 
BRCAm

First-line Maintenance treatment of patients with 
advanced disease who have response 
to platinum-based CT

SOLO-1 [5]

Tumor 
BRCAm or 
HRD

First-line Combination with bevacizumab for 
first-line maintenance treatment of 
patients with advanced disease who 
have response to platinum-based CT

PAOLA-1 [48]

None Recurrent Maintenance treatment of patients who 
have response to platinum-based CT

Study19 [49]
SOLO-2 [45]

Niraparib None First-line Maintenance treatment of patients with 
advanced disease who have response 
to platinum-based CT

PRIMA [51]

None Recurrent Maintenance treatment of patients who 
are response to platinum-based CT

NOVA [50]

Tumor 
BRCAm or 
HRD

Recurrent Patients with disease progression 
longer than 6 months after response to 
the last platinum-based CT

QUADRA [47]

PARP poly (ADP-ribose) polymerase, BRCAm positive for BRCA1/2 mutations, HRD homologous 
recombination repair deficiency, CT chemotherapy
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BRCA1/2. The detection of pathogenic variants of BRCA1/2 through CGP is critical 
not only for providing genome-matched therapy to the patient but also for identify-
ing a family with BRCA-related hereditary breast and ovarian syndrome (HBOC). 
This can lead to the initiation of cascade testing and life-saving management for 
at-risk relatives.

Among patients with hereditary ovarian cancers, almost three-quarters are caused 
by germline alterations in BRCA1/2; the remaining quarter are caused by genes 
associated with homologous recombination repair or DNA mismatch repair [15]. 
The risk of ovarian cancer associated with mutations in moderate-risk genes, includ-
ing BRIP1, RAD51C, RAD51D, MLH1, MSH2, and MSH6, is variable [58]. 
Germline pathogenic variants of DNA mismatch repair genes (MLH1, MSH2, and 
MSH6) are associated with Lynch syndrome, and the cumulative lifetime risk of 
ovarian cancer is estimated: 4–20% for MLH1, 8–38% for MSH2, and 1–13% for 
MSH6 [58]. The estimated cumulative lifetime risk of ovarian cancer is 6–12% for 
carriers of a BRIP1 pathogenic variant, 11% for carriers of a RAD51C, and 13% for 
carriers of a RAD51D [7]. Women harboring pathogenic germline variants in these 
genes are recommended to discuss RRSO [7].

Molecular stratification for treatment has been the standard of care for a broad 
range of cancer types, and the routine use of CGP will be a daily practice for ovarian 
cancer in future [59]. The identification of PGPVs is an entry point for genetic coun-
seling for ovarian cancer patients, and it leads to the identification of a family 
with HBOC.

4 � Barriers for Confirmatory Germline Genetic Testing

A recent Japanese study revealed that 14% of patients had PGPVs, but only 42% of 
these patients received genetic counseling [25]. One of the reasons for not undergo-
ing germline genetic testing is patient death shortly after disclosure [25]. This indi-
cates the need to ensure appropriate timing of CGP, shorten its turnaround time, and 
quickly refer patients to genetic specialists.

In Japan, genetic counseling, confirmatory germline genetic testing, surveil-
lance, and risk-reducing surgery are not covered by the national health insurance 
system for all women, which is a barrier for them to undergo genetic counseling and 
confirmatory germline genetic testing. Interestingly, a Canadian study suggested 
that most patients who underwent CGP were interested in knowing their germline 
status [60]. Easier access to genetic medical services, including financial support, is 
required to improve the proportion of patients undergoing genetic counseling and 
germline genetic testing.

Handling Germline Findings in Ovarian Cancer Cases
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5 � Conclusion

CGP contributes to the identification of germline variants in patients without a his-
tory of hereditary cancers. Germline findings identified through CGP can have 
implications for the assessment and management of future primary cancer risk, fam-
ily risk assessment and guidance, and personalized treatment determination. 
Somatic genetic findings from CGP should be interpreted carefully, especially in 
patients with ovarian cancer. Improvement in the proportion of patients who undergo 
confirmatory germline genetic testing is an urgent task in the era of precision 
oncology.
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Registration Data of Japanese 
Organization of Hereditary Breast 
and Ovarian Cancer Till 2020

Mayuko Inuzuka, Masami Arai, and Seigo Nakamura

Abstract  Clarifying the clinical and genetic characteristics of hereditary breast 
and ovarian cancer (HBOC) in Japan enables patients and their families to seek 
appropriate screening, diagnosis, and treatment options, thereby resulting in a lower 
breast cancer– and ovarian cancer–related mortality. We are compiling a nationwide 
registry by creating a database of families with HBOC syndrome in Japan at the 
Japanese Organization of Hereditary Breast and Ovarian Cancer with the aim of 
clarifying the clinical and genetic characteristics as well as improving the medical 
practice environment for such cases. We herein report a summary of the nationwide 
registry’s September 2020 results.

In the 2020 compilation, a total of 28,846 (subjects and their family members) 
individuals from 93 institutions in Japan were registered. Of these, 7043 subjects 
were the first to undergo the BRCA1/2 genetic test in their families. The BRCA1/2 
genetic test results revealed that 19.4% had the BRCA1/2 pathogenic variant, 
whereas 5.3% had the variant of uncertain significance. In Japan, in April 2020, the 
insurance coverage for the BRCA1/2 genetic test for breast or ovarian cancer patients 
with suspected HBOC was initiated. Consequently, as the financial burden of the 
BRCA1/2 genetic tests was reduced, the number of subjects increased, thereby lead-
ing to the accumulation of data that was closer to the real conditions of the Japanese 
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people. It is the responsibility of those involved in the treatment of HBOC to con-
tinue the compilation of the nationwide registry, understand the current situation in 
Japan, and work toward improvement in the medical practice environment 
for HBOC.

Keywords  BRCA1/2 · HBOC · Database · JOHBOC · Registry

1 � Japanese Organization of Hereditary Breast and Ovarian 
Cancer (JOHBOC) Registry

Overall, 5%–10% of all cancers are reported to have a genetic cause. Moreover, two 
types of genes, i.e., BRCA1 and BRCA2, are known to be closely related to the onset 
of breast and ovarian cancers. When there is a pathogenic mutation in these genes 
that cause cancer, the risk of breast and ovarian cancer becomes extremely high, and 
this condition is called hereditary breast and ovarian cancer (HBOC) syndrome. 
Globally, there are many reports on HBOC, although it is well recognized that can-
cer onset varies by region and population. Understanding Japanese carriers of the 
BRCA1/2 pathogenic variant allows for the provision of appropriate screening, 
diagnosis, and treatment options to patients and their families, which may lead to 
decreased mortality due to breast and ovarian cancers. Thus, in Japan, patients with 
HBOC should be registered with the nationwide registry in order to clarify the clini-
cal and genetic characteristics of HBOC, such as the BRCA1/2 variant characteris-
tics and cancer penetrance of pathogenic variant carriers. We aim to develop a 
database of HBOC syndrome in Japan in order to better understand the clinical and 
genetic characteristics of HBOC as well as improve the medical practice environ-
ment for such patients.

Through the past data collection via this registry, the status of HBOC in Japan is 
gradually being clarified, and medical practice methods for HBOC are being 
improved. In Japan, Sugano et al. [1] performed the BRCA1/2 genetic tests on 135 
patients with breast or ovarian cancer in 2008, and they confirmed the presence of a 
pathogenic variant in 26.7% of the patients. Subsequently, Nakamura et  al., in a 
group study by the Japanese Breast Cancer Society during 2012–2013 with the joint 
support from seven institutions [2], enrolled 320 patients with a strong family his-
tory of breast cancer. Among those who took the BRCA1/2 genetic tests, Nakamura 
et al. confirmed the presence of the pathogenic variant and variant of unknown sig-
nificance (VUS) in 30.7% and 6.2% patients, respectively. To follow-up with this 
study, we established the Japanese HBOC Consortium as a research organization 
and started the nationwide registry to further develop previous studies. In October 
2013, the Japanese HBOC Consortium registry committee started planning for a 
nationwide registration system, and in 2015, trial registration was conducted at four 
institutions, in which registry committee members were affiliated in order to verify 
the registry system [3]. Finally, 846 families, with 965 subjects and their blood 
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relatives (total: 3955 individuals), were enrolled in this study registry [4]. We con-
tracted the participation in the nationwide registry in February 2016, when the pro-
cedure improved from the trial registration. In August 2016, 1557 families, with 
1718 subjects and their blood relatives (total: 7118 individuals), were registered 
with the first nationwide registry [4]. Subsequently, in January 2019, the JOHBOC 
took over the registry that was previously managed by the Japanese HBOC 
Consortium. JOHBOC is an organization established in August 2016 to maintain 
and expand the medical practice systems for patients with or suspected HBOC as 
well as their families. It also aimed to contribute toward the improvement of preven-
tive medicine and medical treatment for the citizens [5].

In the present registry, a jointly prepared family registry template by the JOHBOC 
and the National Clinical Database (NCD) was used. The treatment history and 
genetic counseling data of the subjects and their blood relatives were used to enter 
their clinical information. The study by Arai et al. [4] presents further information 
on the family registry template and registration items. The present study was a mul-
ticenter study conducted at various medical institutions with the approval of the 
ethics committee of each institution. The present study included the patients who 
underwent a genetic test, including the BRCA1/2 test, at any of the participating 
institution. Each participating medical institution in this study, with the consent of 
the subjects, entered the BRCA1/2 genetic test results and clinical information of the 
subjects and their blood relatives in the database. The entered data were anony-
mized by all the medical institutions before sending them to the NCD. The regis-
tered data of all cases are updated annually. Moreover, the data of the registered 
cases are summarized every year on the last day of August.

2 � Summary of the Nationwide Registry Data 
Collection Results

Here, we report a summary of the nationwide registry’s September 2020 data. By 
the end of August 2020, 28,846 (subjects and their blood relatives) individuals from 
93 institutions across Japan were registered. Of those, 7997 underwent the BRCA1/2 
genetic test.

2.1 � Results of the BRCA1/2 Genetic Tests

Among the 7997 subjects who underwent the BRCA1/2 genetic test, 7043 were the 
first in their families to undergo the BRCA1/2 genetic test. Overall, 5709 (81.1%) 
women had breast cancer, 803 (11.4%) women had ovarian cancer, 227 (3.2%) 
women had both breast and ovarian cancers, 48 (0.7%) men had breast cancer, and 
256 (3.6%) individuals had neither breast nor ovarian cancer.

Registration Data of Japanese Organization of Hereditary Breast and Ovarian Cancer…
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Fig. 1  The results of BRCA1/2 genetic test of subjects who were the first to take the test in their 
family. Adapted from [4]

The BRCA1/2 genetic test results of these 7043 subjects revealed that 1364 
(19.4%) had the BRCA1/2 pathogenic variant (Fig. 1). In total, 719 (10.2%), 638 
(9.1%), and 7 (0.1%) patients had the BRCA1, BRCA2, and both BRCA1 and BRCA2 
pathogenic variants, respectively. Among those with the BRCA2 pathogenic variant, 
one patient had two BRCA2 pathogenic variants. Regarding the VUS, 117 (1.7%), 
250 (3.5%), and 5 (0.1%) patients had VUS of BRCA1, VUS of BRCA2, and VUS 
of both BRCA1 and BRCA2, respectively. The detection rate of VUS of BRCA1/2 
was 5.3%.

2.2 � Clinical Background of the BRCA1/2 Pathogenic 
Variant Carriers

Of the 7043 subjects who were the first to undergo the BRCA1/2 genetic tests in the 
families, 1898 cases (26.9%) were women with only breast cancer with the initial 
onset at the age of ≥50 years, 3811 cases (54.1%) were women with only breast 
cancer with the initial onset at the age of <50 years, 803 cases (11.4%) were women 
with only ovarian cancer, 227 cases (3.2%) were women with both breast and ovar-
ian cancers, 48 cases (0.7%) were men with breast cancer, regardless of the age at 
the initial onset, and 256 cases (3.6%) were individuals without breast or ovarian 
cancer. Table 1 depicts the medical history of 7043 subjects as well as their blood 
relatives by presenting the detection rates of the BRCA1/2 pathogenic variants. 
Similar to the report by Arai et al. [4] that summarized the 2018 nationwide registry, 
the detection rate of the BRCA1/2 pathogenic variants was higher in this study than 
that of the previously reported BRCA1/2 mutations in non-Ashkenazi individuals in 
the US [6].

Moreover, the detection rate of BRCA1/2 pathogenic variant in triple-negative 
breast cancer (TNBC) was reported in the present study. Among 1603 subjects 
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Table 1  Medical history and BRCA1/2 pathogenic variant detection rate of the subject and blood 
relatives. Adapted from [4]

Family history Among 1st- or 2nd-degree 
relatives

No family 
history of 
breast or 
ovarian cancer

Family history 
in only 
3rd-degree 
relatives

Breast 
cancer < 50 years

− + − +

Ovarian cancer (at 
any age)

− − + +

Proband history
Breast 
cancer ≥ 50 years

31/435
7.1%

54/346
15.6%

32/146
21.9%

13/35
37.1%

51/871
5.9%

4/65
6.2%

Breast cancer < 50 
years

156/826
18.9%

251/790
31.8%

115/276
41.7%

67/118
56.8%

199/1645
12.1%

17/156
10.9%

Ovarian cancer at any 
age, no breast cancer

23/87
26.4%

23/46
50.0%

78/112
69.6%

13/15
86.7%

83/526
15.8%

2/17
11.8%

Breast cancer and 
ovarian cancer at any 
age

25/49
51.0%

13/26
50.0%

22/25
88.0%

9/10
90.0%

35/106
33.0%

3/11
27.3%

Male breast cancer at 
any age

1/4
25.0%

3/8
37.5%

0/1
0.0%

0/1
0.0%

2/30
6.7%

1/4
25.0%

No breast or ovarian 
cancer at any age

7/55
12.7%

11/86
12.8%

9/62
14.5%

7/26
26.9%

4/23
17.4%

0/4
0.0%

Fig. 2  BRCA1 pathogenic 
variant detection rate in 
triple-negative breast 
cancer (TNBC)

diagnosed with TNBC, pathogenic mutation of either or both of the BRCA genes 
was detected in 449 (28.0%) patients; of these, 360 (80.2%) had the BRCA1 patho-
genic variant, 87 (19.4%) had BRCA2 pathogenic variant, and 2 (0.4%) had both 
BRCA1 and BRCA2 pathogenic variants.

Here, the detection rate of the BRCA1/2 pathogenic variant, considering factors 
(onset of breast cancer at <40 years, ovarian cancer in the family, and at least one 
another person with breast cancer) other than TNBC, is independently presented for 
BRCA1 and BRCA2. Two cases with both the BRCA1 and BRCA2 pathogenic vari-
ants are included. Among all the TNBC cases, the detection rate for the BRCA1 
pathogenic variant among those without factors other than TNBC was 6.7% (Fig. 2). 
Furthermore, the detection rate was 17.8% in subjects with TNBC who developed 
breast cancer before the age of 40 years, 16.3% in those who had at least one other 
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Fig. 3  BRCA2 pathogenic 
variant detection rate in 
triple-negative breast 
cancer (TNBC)

family member with breast cancer, and 41.5% in those who had someone in their 
family with ovarian cancer. The detection rate of pathogenic variants increased as 
more factors overlapped. The detection rate of pathogenic variants was 83.1% when 
all three factors were present in addition to TNBC. Regarding the detection rate of 
BRCA2 in all cases of TNBC, the rate of BRCA2 in those without any factors other 
than TNBC was 4.6% (Fig. 3). The detection rate was 4.1% in subjects who devel-
oped breast cancer before the age of 40 years, 8.7% in those who had at least one 
other family member with breast cancer, and 7.5% in those who had someone in the 
family with ovarian cancer. Unlike BRCA1, the detection rate did not significantly 
change with an increase in overlapping factors. The detection rate of the BRCA2 
pathogenic variant was only 1.7% even when all the three factors were present in 
addition to a diagnosis of TNBC.

2.3 � Registered Variants

In total, 208 BRCA1 pathogenic variants were registered. Of these, 86 pathogenic 
variants were registered multiple times (Table 2). The most frequently registered 
variant was c.188  T  >  A (p.Leu63*) (177 cases), followed by c.2800C  >  T 
(p.Gln934*) (67 cases), c.2389_2390del (p.Glu797Thrfs*3) (25 cases), and 
c.5558A > G (p.tyr1853Cys) (18 cases). However, 148 BRCA1 pathogenic variants 
were registered only once. In addition, 178 BRCA2 pathogenic variants were regis-
tered. Of these 178 BRCA2 pathogenic variants, 60 were registered multiple times 
(Table 3), with the most frequently registered variant being c.6952C > T (p.Arg2318*) 
(70 cases), followed by c.5576_5578del (p.lle1859Lysfs*3) (62 cases), c.9076C > T 
(p.Gln3026*) (44 cases), and c.8504C > A (p.Ser2835*) (31 cases). However, 118 
BRCA2 pathogenic variants were registered only once. Regarding VUS, 93 registra-
tions were for BRCA1. Twenty VUS were registered multiple times. The most fre-
quently registered variant was c.626C > T (p.Pro209Leu) (13 cases). Seventy-three 
VUS of BRCA1 were registered only once. In total, 161 VUS of BRCA2 were 
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Table 2  BRCA1 pathogenic variant registered in more than 10 cases in the JOHBOC registry

Exon HGVS cDNA HGVS protein Number of registered cases

5 c.188T > A p.Leu63* 177
11 c.2800C > T p.Gln934* 67
11 c.2389_2390del p.Glu797Thrfs*3 25
24 c.5558A > G p.Tyr1853C ys 18
3 c.131_132del p.C ys44* 11

HGVS human genome variation society

Table 3  BRCA2 pathogenic variant registered in more than 10 cases in the JOHBOC registry

Exon HGVS cDNA HGVS protein Number of registered cases

13 c.6952C > T p.Arg2318* 70
11 c.5576_5579del p.Ile1859Lysfs*3 62
23 c.9076C > T p.Gln3026* 44
20 c.8504C > A p.Ser2835* 31
11 c.5645C > A p.Ser1882* 25
10 c.1813del p.Ile605Tyrfs*9 24
23 c.9117G > A p.Pro3039= 19
10 c.1278del p.Asp427Thrfs*3 15
18 c.8023A > G p.Ile2675Val 15
11 c.2808_2811del p.Ala938Profs*21 13
15 c.7558C > T p.Arg2520* 12
20 c.8589dup p.Ala2864Serfs*5 11

HGVS human genome variation society

registered. Of these, 41 VUS were registered multiple times, and the most frequently 
registered variant was c.53G > A (p.Arg18His) (28 cases). However, 120 VUS of 
BRCA2 were registered only once.

3 � Recent JOHBOC Data Results

We present some recently published research topics based on the JOHBOC nation-
wide registry data.

Sekine et al. [7] calculated the prevalence of ovarian and breast cancers as well 
as the ratio of ovarian cancer to breast cancer (number of patients with ovarian can-
cer: number of patients with breast cancer) with respect to common pathogenic 
variants in Japanese people, such as L63X and Q934X [8, 9] variants of BRCA1, 
which are known to be the founder pathogenic variants in Japan. They also exam-
ined whether there was any difference in the risk of cancer. With Q934X, the ratio 
of ovarian cancer to breast cancer was significantly higher than the overall BRCA1. 
With STOP799, the ratio was lower than the overall BRCA1. Both Q934X and 
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STOP799 were located in the ovarian cancer cluster region; moreover, there was a 
difference in the risk of ovarian cancer. Families with BRCA1/2 pathogenic variants 
would benefit considerably if personalized counseling that takes variant type into 
account becomes available; hence, the results of the present study are useful.

Sekine et al. [10] analyzed the age of onset of ovarian cancer in Japanese women 
with the BRCA1/2 pathogenic variant. Among those who underwent the BRCA1/2 
genetic test, those with the BRCA1 pathogenic variant had a significantly younger 
age of onset of ovarian cancer. Moreover, those with the BRCA2 pathogenic variant 
had a significantly older age of onset of ovarian cancer than those without the 
BRCA1/2 pathogenic variant. Those with BRCA2 pathogenic variant did not have an 
ovarian cancer onset before the age of 40 years. To the best of our knowledge, in 
Japan, these are the first pertinent scientific data to discuss the timing of risk-
reducing salpingo-oophorectomy (RRSO).

Moreover, several such studies are ongoing.

4 � Future Outlook

A summary of the 2020 nationwide registry, including 28,846 (subjects and their 
family members) individuals, was presented in this paper. In the 2019 summary, 
15,612 (subjects and blood relatives) were registered from 62 institutions across 
Japan [4], implying that the 2020 summary included approximately twice the num-
ber of patients compared with the 2019 summary. From April 2020, the BRCA1/2 
genetic test for breast or ovarian cancer patients with suspected HBOC became 
covered by insurance in Japan. Since then, the number of patients undergoing the 
test has increased because of the reduced financial burden. In addition to the insur-
ance coverage for the BRCA1/2 genetic tests, coverage for RRM, RRSO, and mag-
netic resonance imaging assessments for patients with HBOC with a history of 
breast or ovarian cancer became effective. As some medical practice for HBOC is 
covered by insurance, we believe that the database accurately reflects the situation 
in Japan. With the current registry, from 2022, we will no longer register those with-
out a pathogenic mutation or VUS in the BRCA1/2 genetic test. After receiving the 
subject’s consent to participate in the registry study, we plan to register the families 
of people who tested positive or had VUS with the BRCA1/2 genetic test. The cur-
rent database will be updated at least once a year. Moreover, the follow-ups with the 
registered subjects will be conducted, and the reports of blood relatives in relation 
to any cancer onset will be assessed. As the registry structure has a system that 
enables for long-term collection of follow-up data for registrants, we aim to provide 
a more accurate and valuable information with continuous stable functioning.

Additionally, insurance coverage for the BRCA1/2 genetic test as a supplemen-
tary diagnostic test to determine the indication for a PARP inhibitor (olaparib) in 
HER2-negative inoperable or recurrent breast cancer with a history of chemother-
apy began in 2018, and it became effective in 2019 for those with primary ovarian 
cancer. In January 2021, insurance coverage for the BRCA1/2 genetic test was 
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expanded as a supplementary diagnosis to determine the indication of olaparib for 
unresectable pancreatic and metastatic castration-resistant prostate cancers. In 
2019, insurance coverage for cancer genomic profiling screening was approved for 
solid cancers without standard treatment or solid cancers where standard treatment 
was discontinued due to local progression or metastasis (including patients for 
whom the standard treatment is expected to be discontinued), thereby resulting in 
cases diagnosed with HBOC. Those of us working in HBOC medical practice have 
a responsibility to understand the importance of supplementary diagnostics and can-
cer genomic profiling in order to improve future medical practice for HBOC.

Meanwhile, medical practice systems for HBOC in Japan have faced many chal-
lenges, such as those related with the measurements for carriers of the BRCA1/2 
pathogenic variant without the onset of cancer. At present, regarding the the 
BRCA1/2 genetic test for individuals without the onset of cancer, the possibility of 
risk-reducing resection and adequate surveillance of HBOC-related cancers are not 
covered by the insurance in Japan, thereby making it difficult to fully understand the 
situation due to the high financial burden. Hence, there is an urgent need to create 
an environment that allows individuals without an onset to be tested.
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