
H ereditary breast and ovarian cancer syndrome 
(HBOC),  the leading cause of hereditary ovar-

ian cancer,  is an autosomal dominant inherited cancer 
susceptibility disorder caused by pathogenic germline 
variants in BRCA1 or BRCA2 (BRCA1/2).  Ovarian,  fal-
lopian tube,  and peritoneal carcinoma (OC) is the 
eighth most common cancer in women,  and the eighth 
most common cause of cancer death worldwide,  with 
over 313,900 new cases and 207,200 deaths reported 
annually [1 , 2].  Despite its low incidence,  OC is the 
deadliest gynecological malignancy.  In Japan,  the 
age-adjusted mortality rate of ovarian cancer showed a 
strong increasing trend until the 1990s,  and has 
remained high since then [3].  Although there are sev-

eral causes of OC,  some hereditary tumor syndromes 
increase the incidence of OC [4 , 5].  Therefore,  reduc-
tion in ovarian cancer deaths is important for BRCA1/2 
pathogenic variant carriers.

Although most cases of OC are sporadic,  at least 
10% of patients with OC have a genetic predisposition 
[6 , 7].  The frequency of pathogenic germline variants of 
cancer-related genes,  including BRCA1/2,  using multi-
gene panel testing among Japanese ovarian cancer 
patients,  was first reported by Hirasawa et al.  [8].  A 
recent large-scale multi-cancer study reported that the 
overall prevalence of germline BRCA1/2 variants was 
14.7% in Japanese patients with ovarian cancer [9].  The 
identification of these genes may provide benefits to 
individuals with a predisposition to OC with respect to 
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A hereditary breast and ovarian cancer (HBOC) pedigree was detected via liquid biopsy,  and cancer prevention 
was initiated for the patient’s daughter,  after receiving a definitive result from BRCA genetic testing.  A 48-year-
old woman with ovarian cancer was administered precision medicine,  which used cell-free DNA from plasma.  
The results revealed a pathogenic variant of BRCA1 as a presumed germline pathogenic mutation.  We confirmed 
the germline pathological variant BRCA1 c.81-1G> A and suggested treatment with a PARP inhibitor.  One of her 
three children had the variant,  was diagnosed as an unaffected pathogenic variant carrier,  and was advised to 
initiate surveillance.
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effective prevention strategies,  including risk-reductive 
surgery,  early diagnosis,  and prediction of therapeutic 
efficacy,  such as for poly(ADP-ribose) polymerase 
inhibitors(PARPi).  Furthermore,  information and 
genetic diagnostic opportunities should be provided to 
high-risk relatives of newly diagnosed HBOC patients,  
as this is a key challenge that cancer genetics can help 
resolve.  

We report the identification of an HBOC pedigree,  
triggered by detection of the BRCA1 variant as a pre-
sumed germline pathogenic variant (PGPV) in circulat-
ing cell-free DNA(cfDNA) using Guardant 360 
(Guardant Health,  Redwood City,  CA,  USA).  This 
diagnosis led to appropriate medical management for an 
unaffected pathogenic variant carrier in the pedigree.  

Case Report

A 48-year-old woman (shown in III-3 of Fig. 1) with 
recurrent ovarian cancer presented to our hospital to 
receive precision cancer medicine.  The patient had been 
diagnosed with stage IVB endometrioid ovarian cancer 
at the age of 45,  and had received initial therapy 
including chemotherapy and surgery; however,  the 
cancer recurred with pleural metastases and became 
platinum-resistant.  Despite several regimen changes,  
the patient’s condition progressed.  She did not have any 

history of cancer,  except the aforementioned ovarian 
cancer.  In terms of family history,  her paternal uncle 
and maternal aunt had liver cancer; however,  neither 
breast nor ovarian cancers were noted (Fig. 1).  She had 
three healthy children in their twenties.  Her BRCA sta-
tus was unknown,  because this was before BRCA 
genetic testing was approved by insurance in Japan.  

The patient and her husband visited our genetic 
counseling unit prior to receiving comprehensive 
genomic profile (CGP) testing,  and we discussed the 
potential and importance of the germline findings.  
Although the patient requested a CGP using paired 
cancer tissue and blood tests,  it was difficult to obtain a 
sufficient quantity and quality of DNA from a forma-
lin-fixed paraffin-embedded (FFPE) tissue sample.  We 
therefore suggested a liquid biopsy (with Guardant 360) 
using the cfDNA from her blood.  

Liquid biopsy results revealed a BRCA1 pathogenic 
variant (NM_007294.3(BRCA1):  c. 81-1G> A) (48.1% 
of cfDNA) (Fig. 2).  During genetic counseling,  we had 
proposed using PARPi therapeutic agents because she 
was PARPi naive based on the results of the precision 
cancer medicine.  We had informed the patient and her 
husband about the possibility of HBOC being a germ-
line finding.  They decided to receive PARPi treatment 
and to obtain a definitive diagnosis of HBOC for their 
relatives.  
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Fig. 1 Family History.  The patient is shown in III-3.  Her paternal uncle and maternal aunt had liver cancer,  which was attributed to 
hepatitis B virus infection;  breast,  ovarian and pancreatic cancers were not noted in her pedigree.  Her elder brother and three children are 
healthy.



Before we could disclose the genetic testing results,  
the patient died from cancer.  Her husband and three 
children came for the result disclosure of the genetic 
counseling.  We informed them that the same variant 
was detected in the definitive diagnosis,  and then pro-
vided them information about HBOC.  

After genetic counseling,  the three children also 
underwent genetic testing.  The BRCA1 variant was 
detected in one of the daughters (shown in IV-2 of 
Fig. 1).  The daughter gained a good understanding of 
the importance of cancer prevention,  including surveil-
lance and future options for risk-reducing surgery.

We have obtained informed consent from the patient 
for the publication of this case.

Discussion 

In recent years,  CGP has been widely applied for 
cancer genomic medicine,  and aims to identify thera-
peutic targets by comprehensively analyzing many can-
cer-related genes for mutations.  In addition to the 
original purpose of precision cancer medicine,  germ-
line variants have been suggested.  When germline vari-
ants are associated with susceptibility to cancers,  
hereditary cancer syndromes can be effectively diag-
nosed.  This has significant implications for the individ-
ual,  not only in terms of selecting therapies but also in 
preventing secondary cancers.  Further,  this informa-
tion is useful for preventing cancers in blood relatives.  
The recent development of precision cancer medicine 
using CGP has enabled PGPV detection.  

About 10% of all types of carcinomas are hereditary,  
and of these,  HBOC is one of the most frequently 
observed hereditary cancer syndromes [10 , 11].  The 

most frequently identified PGPVs are the BRCA1/2,  
which are mostly observed in the germline [13 , 14].  
There are ethnic differences in the prevalence of BRCA 
variants.  In Japan,  in a study of hereditary breast can-
cer conducted by Momozawa et al.  [12],  BRCA1/2 was 
identified in 0.21% of 11,241 Japanese female controls.  
In ovarian cancer,  the CHARLOTTE study [9] found 
BRCA1/2 variants in 14.7% of all ovarian cancers,  and 
in 30% of high-grade serous cancers.  The BRCA1 
pathogenic variant was initially detected as a PGPV in 
the patient.  The diagnosis of HBOC is important for 
cancer prevention in patients and their families,  and 
OC patients should be actively tested.  Our department 
has performed BRCA1/2 genetic testing for essentially 
all epithelial OC patients since the Japanese regulatory 
agency approved BRCA1/2 genetic testing for such 
patients under the national health insurance in 2020.

When tumor DNA cannot be obtained from FFPE,  
as in this case,  liquid biopsy becomes a good alterna-
tive.  In addition,  liquid biopsy provides information on 
the frequency of clones and changes in drug resistance 
during treatment [15].  Circulating cell-free DNA 
(cfDNA) is released from healthy and diseased cells,  
mainly by rupture,  necrosis,  or apoptosis.  A few stud-
ies have evaluated germline cancer predisposition by 
cfDNA [16 , 17].  Salvin et al.  [18] noted that in a study 
of 10,888 patients with advanced solid cancers (includ-
ing 210 OC patients) who underwent cell-free circulat-
ing tumor DNA sequencing,  PGPV was found in 1.5%,  
and in 8.4% of OC,  the highest of all cancers.  They also 
reported that PGPV was found more frequently in 
patients younger than 50 years.  This indicates that 
cfDNA sequencing can inform patients of the possibility 
of incidental germline findings,  and a counseling sys-
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Fig. 2　 Report of CGP with cfDNA.  The high allele fraction of the BRCA1 variant raised concern for a potential PGPV associated with 
HBOC.  By contacting the testing company,  the BRCA1 splice-site SNV was disclosed as c.81-1G>A.



tem for hereditary tumors should be in place.  
Nevertheless,  the evaluation of cfDNA germline 
sequences cannot replace validated hereditary cancer 
genetic testing.  This case can be regarded as a model in 
which CGP by cfDNA sequencing and genetic counsel-
ing were seamlessly linked.

The present case also raised another issue—the 
approach taken to educate relatives living far away from 
the patient.  In this case,  the patient’s husband was key,  
and his understanding of hereditary cancer was effective 
in alleviating the psychological burden on the patient 
and her children,  thus encouraging them to decide on 
genetic testing and continuing medical management.  
While it made good sense for blood relatives to be gath-
ered for genetic counseling,  it was difficult in practice.  
Better access to genetic counseling is crucial,  not only 
for family members,  but also for patients who may not 
have access to appropriate genetic counseling facilities.  

In conclusion,  this case reveals not only PGPV from 
cfDNA-based liquid biopsy as precision medicine,  but 
also relays the process of ensuring definitive diagnosis 
and medical management.  Since any genetic panel test-
ing has the potential to reveal PGPV,  a seamless link 
between precision medicine and genetic counseling is 
important,  and can provide medical management to 
families with the HBOC pedigree.  To manage HBOC 
families,  including relatives,  it is important to strengthen 
the establishment of a nationwide system of HBOC 
medical care in Japan.
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