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HBOC syndrome with an uncharacterized variant in the
BRCAI gene in a patient diagnosed with endometrial cancer
after surgery for bilateral breast cancer: A case report
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Abstract. The association between endometrial cancer and
the BRCAI and BRCA?2 genes is not fully understood, and the
risk elevation of endometrial cancer in patients with hereditary
breast and ovarian cancer (HBOC) is not understood. The
present report examines a rare case of HBOC syndrome and
an uncharacterized variant of the BRCAI gene in a patient
diagnosed with endometrial cancer. A 46-year-old woman,
gravida 1 para 1, was referred to Wakayama Medical University
Hospital (Wakayama, Japan) because positron emission
tomography/computed tomography (PET/CT) showed a high
FDG uptake in the corpus uteri and the left ovary. PET/CT was
performed just after mastectomy for left-sided breast cancer
(triple negative). The patient had previously undergone partial
mastectomy for right-sided breast cancer (triple negative) and
was treated with radiation therapy to the right residual breast
when she was 39 years old. Laparoscopic hysterectomy and
bilateral adnexectomy were performed, and the histological
diagnosis was endometrioid carcinoma, grade 1. Her germline
BRCA status was tested by blood examination and the result
was ‘NM_007294.4(BRCA1):c.49G>C (p.Alal7Pro)’. The
variant was evaluated as ‘likely pathogenic’. The patient was
diagnosed with HBOC syndrome and endometrial cancer,
pIT'1ANxMO. The patient had no recurrence of breast or endo-
metrial cancer 16 months after gynecologic surgery.

Introduction

According to the National Cancer Institute, hereditary breast
and ovarian cancer (HBOC) syndrome is defined as an
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inherited disorder in which the risk of breast cancer (especially
before the age of 50) and ovarian cancer is higher than normal.
HBOC syndrome is known to exhibit an autosomal dominant
inheritance. Most patients with HBOC syndrome exhibit
certain mutations in the BRCAI or BRCA2 genes. Patients
with HBOC syndrome may also have an increased risk of
other types of cancer, including pancreatic cancer, prostate
cancer, and melanoma (1). Among patients with breast cancers
between 35 and 64 years old in the USA, 2.4 and 2.3% carried
deleterious mutations in BRCAI and BRCA2, respectively (2).
Among patients with ovarian cancer, 15% had mutations in
BRCAI or BRCA2 (3). In Japan, all patients with breast and
ovarian cancer are recommended to undergo a germline
BRCA test.

The association between endometrial cancer and the
BRCAI and BRCA2 (BRCA1/2) genes is unresolved, and the
risk elevation of endometrial cancer in HBOC patients is not
understood.

We examined a rare case of HBOC syndrome and an
uncharacterized variant of the BRCAI gene in a patient, who
was diagnosed with subclinical endometrial cancer by posi-
tron emission tomography/computed tomography (PET/CT)
imaging after surgery for bilateral breast cancer.

Case report

A 46-year-old woman, gravida 1 para 1, was referred to
our hospital because PET/CT showed a high FDG uptake
(SUVmax=4.87 and 3.22, respectively) in the endometrium
and the left ovary (Fig. 1). PET/CT was performed just after
mastectomy for left-sided breast cancer (pT1bN1aMO, triple
negative). She had previously undergone partial mastectomy
(ypTONOMO) to treat right-sided breast cancer following
neoadjuvant chemotherapy (cT2NOMO, triple negative), and
then she was treated with radiation therapy to the right residual
breast when she was 39 years old. Her mother was diagnosed
with breast cancer at the age of 38. Her father had gastric
cancer. The other relevant clinical information of the present
patient is described in Table I.

The endometrial biopsy revealed atypical endometrial
hyperplasia. MRI diffusion-weighted image (b=1,000) showed
a high intensity in the endometrium, whereas myometrial
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invasion was not observed (Fig. 2). No metastatic lesion was
detected by PET/CT. Laparoscopic hysterectomy and bilateral
adnexectomy were performed, and the histological diagnosis
was endometrioid carcinoma, grade 1 (Fig. 3). Both fallopian
tubes were examined in accordance with SEE-FIM protocol,
and there was no tumor in them. Her germline BRCA status
was tested by blood examination (Fig. 4) and the result was
‘NM_007294.4(BRCA1):c.49G>C (p.Alal7Pro)’. The testing
of gBRCA variant using patient's blood was performed by
BRACA analysis® (Myriad Genetics, Inc.). To date, there
has been no report of a clinical case with this variant type
in the BRCAI gene. Thus, we referred to the in-vitro report
using cultured cell lines in which the above-mentioned variant
led to ‘loss-of-function’ (4). We also referred to the internal
datum provided by Myriad Genetics, Inc., which evaluated this
variant as ‘suspected deleterious’ (data not shown). We also
considered that she had bilateral breast cancer in an asynchro-
nistic manner under 50 years old, and her mother had breast
cancer when she was 38 years old. Thus, we classified the
variant as ‘likely pathogenic’. She was diagnosed with HBOC
and endometrial cancer, pT1ANxMO. Then chemotherapy was
performed for breast cancer. She showed no recurrence of
breast or endometrial cancer for 16 months after gynecologic
surgery.

Discussion

HBOC syndrome is becoming a more common term because
of the following reasons. There were approximately 2.3 million
new breast cancer cases and 685,000 breast cancer deaths
worldwide in 2020 (5). Approximately 314,000 new ovarian
cancer cases and 207,000 deaths occurred globally in 2020 (6).
Among patients with breast cancers between 35 and 64 years
old in the USA, 2.4 and 2.3% carried deleterious mutations
in BRCAI and BRCA2, respectively (2). Among patients with
ovarian cancer, 15% had mutations in BRCAI or BRCA2 (3).
In Japan, all patients with breast cancer and ovarian cancer
are recommended to undergo a germline BRCA test. Patients
with a BRCA variant are candidates for treatment using PARP
inhibitors (7).

In the current case, the uncharacterized variant
‘NM_007294.3(BRCA1):c.49G>C (p.Alal7Pro)’ was detected.
According to the ClinVar database, the interpretation of this
variant is not provided. We found only one in-vitro report
about this variant in the BRCAI gene (4). Several variants
were generated and characterized in vitro and this variant was
one of them. The saturation genome editing assay for BRCAI
NM_007294.3:c.49G>C, a missense variant, revealed that this
variant corresponds with the ‘loss-of-function’ mutation (4).
We also referred to the internal datum provided by Myriad
Genetics, Inc., which classified this variant as ‘suspected dele-
terious’. We considered that she had bilateral breast cancer in
an asynchronistic manner under 50 years old, and her mother
had breast cancer at the age of 38. In silico prediction tools
revealed that the SIFT score was 0.00, corresponding to ‘dele-
terious’, and the PolyPhen-2 score was 0.896, corresponding to
‘possibly damaging’. We also recognized that a clinical deci-
sion should not be based solely on in silico prediction tools (8),
but should consider multiple factors, including past history,
family history, references from a database such as ClinVar, etc.

Table I. Relevant clinical information of the present patient.

Parameter Value
Body mass index, kg/m? 20.6
Irregular menstruation No
Menarche age, years 12
First birth age, years 23
Breastfeeding history Yes
History of unopposed No
estrogen therapy
History of benign breast No
disease
Diabetes mellitus No
Hypertension No
Drinking history Opportunity
drinking
Smoking history No
Family history of colorectal No
cancer

Thus, we classified the variant as ‘likely pathogenic’. In this
variant, the amino acid of alanine mutates to proline. We
speculate that this mutation may alter the secondary structure
and the function of protein because proline generally produces
not a-helix or B-sheet, but turn structure of protein. She was
diagnosed with HBOC syndrome and endometrial cancer,
pT1ANxXxMO. Then chemotherapy was performed to treat her
breast cancer.

Patients with HBOC syndrome may also have an increased
risk of other types of cancer, including pancreatic cancer,
prostate cancer, and melanoma (1). However, the association
between endometrial cancer and BRCAI/2 genes is unresolved,
and the risk elevation of endometrial cancer in HBOC patients
is not understood. There is a report of an international cohort
study about the incidence of endometrial cancer in women with
BRCAI and BRCA2 mutations (9). Segev et al followed 4,456
women with BRCAI (n=3536) and BRCA2 (n=920) muta-
tions (9). After 5.7 years follow-up, 17 endometrial cancer cases
(13 cases in BRCAI and 4 cases in BRCA?2) were identified. They
concluded that the risk of endometrial cancer is higher in BRCAI
mutation carrier than in the general population, and the exces-
sive risk largely attributable to a history of tamoxifen use (9).
De Jonge et al (10) investigated gBRCA-associated endometrial
cancer. They reported that gBRCA-associated endometrial
carcinomas were more frequently non-endometroid and grade 3
histology compare with sporadic endometrial carcinomas. They
also reported that sporadic endometrial cancer cases were mostly
grade 1 endometroid carcinoma. They concluded that endome-
trial cancer is linked with gBRCA-associated HBOC syndrome,
and gBRCA-associated endometrial cancer is associated with
unfavorable clinical outcomes (10). Vietri et al (11) examined
40 patients with endometrial cancer, 19 belonging to families
with Lynch syndrome and 21 related to HBOC. They performed
mutation analysis of MLHI, MSH2, BRCAI, and BRCA2. Out of
the 19 patients belonging to Lynch syndrome families, 8 showed
pathogenic variants. Out of the 21 patients belonging to HBOC
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Figure 1. Positron emission tomography/computed tomography in the (A) endometrium and (B) left ovary revealed a high fluorodeoxyglucose uptake (maximum
standardized uptake value, 4.87 and 3.22, respectively). The arrows indicate endometrium (A) and left ovary (B), respectively.

Figure 2. MRI results. (A) MRI diffusion-weighted image (b=1,000) revealing a high intensity in the endometrium, whereas (B) the myometrial invasion was
not observed in the T2-weighted image.

Figure 3. Histological diagnosis was endometrial carcinoma, grade 1. Nuclear enlargement, hyperchromatism and nucleoli enlargement were detected in
proliferated atypical glands. The cribriform pattern was also noted. Hematoxylin and eosin staining. Magnification, x40.

GENETIC RESULT: POSITIVE - CLINICALLY SIGNIFICANT MUTATION IDENTIFIED

Note: "CLINICALLY SIGNIFICANT," as defined in this report, is a genetic change that is associated with
the potential to alter medical intervention.

[oene  Jworamon | wiemeReraton |
BRCA1 ¢.49G>C (p.Ala17Pro) SUSPECTED DELETERIOUS
Heterozygous

Figure 4. Germline BRCA test (BRACA analysis®) indicating a result of ‘NM_007294.4(BRCA1):c.49G>C (p.Alal7Pro)’.
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families, 9 showed pathogenic variants. They found that patients
with hereditary endometrial cancers have a high percentage
of mutations in the susceptible genes associated with Lynch
syndrome and HBOC, and examination for endometrial cancer
should be recommended for patients with HBOC.

We examined a case with HBOC syndrome and an
uncharacterized variant in the BRCAI gene in a patient with
endometrial cancer after surgery for bilateral breast cancer. For
this report, we could not obtain much information regarding
the variant. The relationship between HBOC syndrome and
endometrial cancer is unresolved, although endometrial cancer
in HBOC patients is considered pathologically high-grade and
is associated with poor clinical outcomes according to the
literature (10). In cases of breast cancer associated with HBOC
syndrome, the hormone receptor is often negative, and many
cases were not tested for endometrial cancer. Gynecologists
and breast surgeons should recognize the risk of endometrial
cancer associated with HBOC syndrome, and we suggest that
HBOC patients undergo screening for endometrial cancer.

Acknowledgements

Not applicable.

Funding

No funding was received.
Availability of data and materials

The dataset used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Authors' contributions

YM, YH, SM, NO and KI participated in the conception
and design of the study. YM, SM and NO obtained the data
and treated the patient. YM analyzed the data and drafted
the manuscript. YH analyzed the data by the bioinformatic
methods. KI revised the manuscript prior to submission. In
addition, KI and YM were major contributors in designing the
study. YM and KI confirmed the authenticity of all the raw
data. All authors have read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.
Patient consent for publication

The patient provided written informed consent for the publica-
tion of any associated data and accompanying images.

Competing interests
The authors declare that they have no competing interests.

References

1. National Cancer Institute Dictionary of Cancer Terms.
https://www.cancer.gov/publications/dictionaries/cancer-terms.
Assessed October 19, 2021.

2. Malone KE, Daling JR, Doody DR, Hsu L, Bernstein L,
Coates RJ, Marchbanks PA, Simon MS, McDonald JA,
Norman SA, et al: Prevalence and predictors of BRCA1 and
BRCA?2 mutations in a population-based study of breast cancer
in white and black American women ages 35 to 64 years. Cancer
Res 66: 8297-8308, 2006.

3. Norquist BM, Harrell MI, Brady MF, Walsh T, Lee MK,
Gulsuner S, Bernards SS, Casadei S, Yi Q, Burger RA, et al:
Inherited mutations in women with ovarian carcinoma. JAMA
Oncol 2: 482-490, 2016.

4. Findlay GM, Daza RM, Martin B, Zhang MD, Leith AP,
Gasperini M, Janizek JD, Huang X, Starita LM and Shendure J:
Accurate classification of BRCA1 variants with saturation
genome editing. Nature 562: 217-222, 2018.

5. Lei S, Zheng R, Zhang S, Wang S, Chen R, Sun K, Zeng H,
Zhou J and Wei W: Global patterns of breast cancer incidence
and mortality: A population-based cancer registry data analysis
from 2000 to 2020. Cancer Commun (Lond) 41: 1183-1194,2021.

6. Cabasag CJ, Fagan PJ, Ferlay J, Vignat J, Laversanne M, Liu L,
van der Aa MA, Bray F and Soerjomataram I: Ovarian cancer
today and tomorrow: A global assessment by world region
and human development index using GLOBOCAN 2020. Int J
Cancer: Mar 23, 2022 (Epub ahead of print).

7. Shao F, Duan Y, Zhao Y, Li Y, Liu J, Zhang C and He S: PARP
inhibitors in breast and ovarian cancer with BRCA mutations: A
meta-analysis of survival. Aging (Albany NY) 13: 8975-8988,
2021.

8. Ernst C, Hahnen E, Engel C, Nothnagel M, Weber J,
Schmutzler RK and Hauke J: Performance of in silico prediction
tools for the classification of rare BRCA1/2 missense variants in
clinical diagnostics. BMC Med Genomics 11: 35, 2018.

9. Segev Y, Igbal J, Lubinski J, Gronwald J, Lynch HT, Moller P,
Ghadirian P, Rosen B, Tung N, Kim-Sing C, et al: The incidence
of endometrial cancer in women with BRCA1 and BRCA2
mutations: An international prospective cohort study. Gynecol
Oncol 130: 127-131, 2013.

10. de Jonge MM, Ritterhouse LL, de Kroon CD, Vreeswijk MPG,
Segal JP, Puranik R, Hollema H, Rookus MA, van Asperen CJ,
van Leeuwen FE, et al: Germline BRCA-associated endometrial
carcinoma is a distinct clinicopathologic entity. Clin Cancer
Res 25: 7517-7526, 2019.

11. Vietri MT, D'Elia G, Caliendo G, Casamassimi A, Federico A,
Passariello L, Cioffi M and Molinari AM: Prevalence of
mutations in BRCA and MMR genes in patients affected with
hereditary endometrial cancer. Med Oncol 38: 13, 2021.

@ OC]0) This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International (CC BY-NC-ND 4.0) License.

EY M MO



