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Abstract

Predicting pathogenic germline variants (PGVs) in breast cancer patients is impor-
tant for selecting optimal therapeutics and implementing risk reduction strate-
gies. However, PGV risk factors and the performance of prediction methods in

Funding information the Japanese population remain unclear. We investigated clinicopathological risk

AstraZeneca, Grant/Award Number: NCR-

1719919 factors using the Tyrer-Cuzick (TC) breast cancer risk evaluation tool to predict

BRCA PGVs in unselected Japanese breast cancer patients (n = 1,995). Eleven
breast cancer susceptibility genes were analyzed using target-capture sequencing
in a previous study; the PGV prevalence in BRCA1, BRCA2, and PALB2 was 0.75%,
3.1%, and 0.45%, respectively. Significant associations were found between the
presence of BRCA PGVs and early disease onset, number of familial cancer cases
(up to third-degree relatives), triple-negative breast cancer patients under the age
of 60, and ovarian cancer history (all P < .0001). In total, 816 patients (40.9%)
satisfied the National Comprehensive Cancer Network (NCCN) guidelines for rec-
ommending multigene testing. The sensitivity and specificity of the NCCN criteria
for discriminating PGV carriers from noncarriers were 71.3% and 60.7%, respec-
tively. The TC model showed good discrimination for predicting BRCA PGVs (area
under the curve, 0.75; 95% confidence interval, 0.69-0.81). Furthermore, use of
the TC model with an optimized cutoff of TC score 20.16% in addition to the
NCCN guidelines improved the predictive efficiency for high-risk groups (sensi-
tivity, 77.2%; specificity, 54.8%; about 11 genes). Given the influence of ethnic
differences on prediction, we consider that further studies are warranted to eluci-

date the role of environmental and genetic factors for realizing precise prediction.

KEYWORDS

BRCA, breast cancer, risk factor, pathogenic germline variant, Tyrer-Cuzick model

1 | INTRODUCTION

use. Accurately predicting which patients are PGV carriers might be

useful for both clinicians and patients when considering whether to

Breast cancer is the most prevalent malignancy in Japanese women,
and its incidence continues to rise.! A high lifetime breast cancer
risk has been reported in carriers of germline variants in genes as-
sociated with hereditary breast cancer (25%-90%).%° In fact, the
prevalence of hereditary breast cancer is reported to be 5%-10% in
primary breast cancer patients.>* Pathogenic or likely pathogenic
germline variants (PGVs) of breast cancer susceptibility genes, in-
cluding BRCA1 and BRCA2, substantially impact breast cancer onset
by increasing the risk of bilaterality, multiplicity, or early onset.*®
Recently, an increasing number of studies have been conducted to
assess the clinical relevance of PGVs in cancers and to determine
whether they are effective targets for novel cancer treatment and
management strategies.(”’10

The American Society of Clinical Oncology guidelines recom-
mend that all patients diagnosed with malignancy undergo mul-
tigene testing (MGT).!! Although MGT is an effective method for
identifying PGV carriers, it remains too expensive to perform for all
patients.'?® In contrast, models capable of predicting who might

be carriers of PGVs would be convenient and essentially free to

perform genetic testing. However, in the Japanese population in par-
ticular, precise testing criteria for PGVs have not yet been validated
because the associated risk factors remain unclear. Moreover, the
prediction models are based primarily on the incidence, factors, and
parameter values in Western countries.

Ethnic-specific differences are a critical aspect that must be ad-
dressed to allow for personalized approaches and may inform devel-
opment of more effective breast cancer prevention strategies. Earlier
studies have reported ethnic-specific differences in breast cancer.!*
There are two primary differences: environmental factors (including
epigenetic factors) and genetic factors. Environmental factors such as
climate, diet, alcohol consumption, smoking, estradiol exposure, and
infection are considered to be involved in modifying the promotion

t.1° Genetic factors differ between ethnicities

16-19

and suppression of onse
in terms of single-nucleotide polymorphisms and variants.

In the present study, we investigated risk factors for being a car-
rier of breast cancer susceptibility genes, especially PGVs in BRCA1
and BRCA2,* in order to assess the application of specific test-

ing criteria and a BRCA PGV carrier prediction model, namely the
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Tyrer-Cuzick (TC) model,?° in a cohort of 1995 unselected Japanese
women with primary breast cancer.

2 | MATERIALS AND METHODS
2.1 | Patient cohort and clinical data collection

We analyzed a cohort of 1995 unselected Japanese women with
primary breast cancer registered at Kyoto Breast Cancer Research
Network institutions, including Kyoto University Hospital and 15 af-
filiated hospitals from September 2011 to October 2016. Genomic
DNA samples from the peripheral blood of these patients were
analyzed previously.?! The dataset used in this study was updated
with relevant clinical information until December 31, 2019. Written
informed consent was obtained from all participants. This study
was reviewed and approved by the Ethics Committee of Kyoto
University Graduate School and Faculty of Medicine and Kyoto
University Hospital (G424) and was performed in accordance with
the Declaration of Helsinki and its later amendments.

We obtained the following data from the registration database
for each patient: age; menopause history; reproductive history;
biopsy history of benign and precancerous lesions, such as atypi-
cal ductal hyperplasia, lobular carcinoma in situ, and hyperplasia;
hormone replacement therapy history; personal history of cancer;
family history of cancer (up to third-degree relatives); imaging data,
including mammary gland density in mammography (MMG); epide-
miological information; clinicopathological data of breast cancer;
BMI; and other factors.

Age was defined as the age at first breast cancer diagnosis. MMG
density was classified by two certified physicians into four categories
according to the American College of Radiology's BI-RADS® (Breast
Imaging Reporting and Data System) Atlas, 5th edition. MMG as-
sessment was limited to the untreated mammary gland during the
first visit. Synchronous and metachronous bilateral breast cancer
cases were excluded from MMG evaluation. These data were cross-
checked with the patient's records at each institution. Missing values
were identified by cross-checking the records during the respective

institution visits and were updated before December 31, 2019.

2.2 | Profiling the PGVs of the cohort

This study used previously analyzed data.21 Briefly, targeted se-
quencing was used to analyze genomic DNA samples from the
patients’ peripheral blood. In this study, variants classified as “patho-

genic” or “likely pathogenic” were defined as PGVs.

2.3 | Family history scoring

To represent family history of cancer as a score, we determined the

sum of family history of cancer (up to third-degree relatives) as a

“cancer family history score,” which indicates the number of breast,
ovarian, pancreatic, and prostate cancers in the family up to third-
degree relatives. These specific cancers were included because they
are described as related cancers that should be regarded as family
history of cancer in the National Comprehensive Cancer Network
(NCCN) guideline criteria for predicting PGV probability of breast
cancer susceptibility genes.22 Bilateral breast cancer was counted
as two cancers. For example, if a patient has a sister with bilateral
breast cancer, and her mother has ovarian cancer, the cancer family

history score would be 3 (ie, 2 breast cancers and 1 ovarian cancer.)

2.4 | Validation of the NCCN guideline criteria

We assessed high-risk patients according to personal history of
cancer (breast, ovarian, and pancreatic) and family history of can-
cer (breast, ovarian, pancreatic, and prostate) based on the NCCN
Guidelines, Genetic/Familial High-Risk Assessment: Breast, Ovarian,
and Pancreatic (Version 1.2020, December 4, 2019),?2 and then we
validated the results.

2.5 | Evaluation of BRCA carrier probability

To predict the risk of carrying PGV, we applied the TC model (soft-
ware package IBIS v8). We used the TC model because it was more
useful compared with the risk models BOADICEA?® and BRCAPro,*
given that the TC model can tolerate missing values, and the infor-
mation required for input could be obtained through interviews and
from MMG in clinical practice. In contrast, our data were insufficient
to use the risk model Penn 11.2° The TC model is a logistic regres-
sion breast cancer risk assessment tool based on the International
Breast Intervention Study and UK National Cancer Statistics. It cal-
culates a risk prediction score based on the following information:
personal history of cancer, family history of cancer, BMI, age, MMG
breast density, reproductive history, number of past breast biopsies,
menopausal status, hormone replacement therapy history. We input
these data to the TC model, and the BRCA personal % was calcu-
lated. The probability was independently assessed and confirmed by
more than two researchers. Disagreement between two researchers
was resolved through discussion. This model was able to tolerate
missing data. We used the sum of BRCA1 and BRCA2 personal % as
BRCA personal %.

2.6 | Statistical analysis

To assess the risk factors, multivariate logistic regression analysis
was performed using patients’ clinical information, including age,
BMI, subtype, family history of cancer, personal history of cancer,
and MMG breast density according to the BI-RADS classification in
terms of P-values and odds ratios (ORs). All statistical analyses were
performed using JMP Pro (ver., 14.1.0; SAS Institute Inc).
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FIGURE 1 Patient and tumor characteristics (n = 1995 cases). A, The ratio of metachronous and simultaneous bilateral breast cancer
cases by the age at first diagnosis. The metachronous bilateral breast cancer is defined the contralateral breast cancer onset from their
enrollment to December 2019. B, The prevalence of body mass index. C, The prevalence of cases with family history of cancer: third-degree
relatives. There were 561 cases with family history of cancer relating to hereditary breast ovarian cancer syndrome (ie, breast, ovarian,
pancreatic, prostate, and male breast cancer). 483 cases had family history of 1 cancer, 74 cases had 2 cancers, and 4 cases had 3 cancers.
Inner pie chart shows the distribution of cases by cancer type; outer shows the cases with more than two cancers. D, The personal history of
cancer. There are 188 cases with personal history of cancer. 172 cases had personal history of 1 cancer, 13 cases had 2 cancers, and 1 case
had 3 cancers. Inner pie chart shows the distribution of cases by cancer type; outer shows cases with more than two cancers. E, Percent of
menopausal status in the first diagnosis. F, Percent of subtypes of the tumor. G, Percent of mammography breast density. The assessment
was limited to the untreated mammary gland during the first visit. Synchronous and metachronous bilateral breast cancer cases were
excluded from evaluation

(A) p < 0.0001 (B) p < 0.0001
1.0 1.0
= non BRCA
1 BRCA
0.5 0.
0.0 0.0
<45 46-60 61-75 76s () YES NO
Age at diagnosis Triple negative breast cancer
© p < 0.0001 @) p = 0.009 ® p < 0.0001
1.0 1.0 1.0

0.5 0.5 0.5

0.0 0.0
YES NO YES NO YES NO

Family history of breast cancer Family history of ovarian cancer Personal history of ovarian cancer

FIGURE 2 The correlation between major clinicopathological factors and the presence of BRCA pathogenic or likely pathogenic germline
variant (PGV). Univariate analysis was performed on BRCA PGV and following clinicopathological factors: age at diagnosis A, triple-negative
breast cancer B, family history of breast cancer C, family history of ovarian cancer D, personal history of ovarian cancer E. These factors
showed significant correlation with BRCA PGV
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To evaluate the NCCN guidelines, our cohort was classified into
three groups, “indicated,” “considered,” and “not recommended” for
MGT according to the NCCN guideline criteria. Here, “indicated” was
defined as meeting these criteria, and “considered” and “not recom-
mended” were defined as not meeting them. Correlation analysis be-
tween two groups (“indicated” vs. the combined “considered” and “not
recommended” group) and PGV carrier status was performed using the
chi-square test on GraphPad Prism (ver 8.4.3; GraphPad Software).

To validate the ability of the TC model to discriminate PGV
carriers from noncarriers, we performed receiver operating char-
acteristic (ROC) curve analysis and calculated the areas under the
curve (AUCs) with 95% confidence intervals (Cl) to determine sen-
sitivity and specificity using GraphPad Prism (ver. 8.4.3, GraphPad
Software). The PGV carrier P-value, probability, and specificity at the

optimal cutoff point were recorded. The cutoff point was calculated
using JMP Pro (ver. 14.1.0, SAS Institute Inc).

All other statistical analyses were performed using GraphPad
Prism (ver. 8.4.3, GraphPad Software). Statistical significance was

represented as 95% Cls and P-values <0.05.

3 | RESULTS
3.1 | Patient characteristics
Patient characteristics are shown in Figure 1 and Table S1. In this co-

hort of 1995 women with primary breast cancer, the PGV frequen-
cies were as follows: BRCA1 (0.75%), BRCA2 (3.1%), PALB2 (0.45%),

Jp
H 3343
Cancer Science piuiE S

FIGURE 3 Stacked bar chart of the 1.0
ratio of cancer family history score by

age at diagnosis. Cancer family history
score: number of cancers developed in
one's family (up to third-degree relatives).
Breast cancer, ovarian cancer, pancreatic
cancer, and prostate cancer were included
in this scoring. Bilateral breast cancer was
counted as two cancers 0.5+

oooo

0.0

<45 46-60 61-75 <75 (y)
cancer family history score and age at diagnosis

TABLE 1 Multivariate logistic regression analysis for BRCA PGV

Multivariate analysis Univariate analysis

95% 95%
Factors OR Cl P-value OR Cl P-value
Age,y <45 3.7 1.27 10.81 0.0059 4.96 1.93 16.8 0.0004
46-60 1.6 0.54 4.71 0.371 2.07 0.79 7.09 0.1458
61-75 1.31 0.43 3.98 0.6259 1.4 0.53 0.51 0.532
275
Cancer family history score 0
1 2.4 1.35 4.25 0.0038 2.43 1.28 4.5 0.0074
2 7.33 3.82 14.07 <0.0001 6.01 2.77 12.29 <0.0001
>3 13.75 6.04 L8 <0.0001 16.72 6.83 38.44 <0.0001
TNBC <60y or bilateral Yes 3.04 1.77 5.2 <0.0001 1.69 0.98 2.8 0.0594
breast cancer or personal No

history of ovarian cancer

Note: Breast cancer, ovarian cancer, pancreas cancer, and prostate cancer were included in this scoring. Bilateral breast cancer was counted as two
cancers. Cancer family history score indicates the number of cancers developed up to third-degree relatives.

Abbreviations: Cl, confidence interval; OR, odds ratio; PGV, pathogenic or likely pathogenic germline variant; TNBC, triple-negative breast cancer.
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FIGURE 4 Prevalence of pathogenic or
likely pathogenic germline variants (PGVs)
in the groups assigned according to the
National Comprehensive Cancer Network
(NCCN) criteria. A, The prevalence of
cases by each gene PGV. B, Comparison
of prevalence of PGVs between met and
unmet NCCN criteria. The 1995 patients
in the cohort were classified into three
groups according to the NCCN guideline
criteria. A, The prevalence of cases

with BRCA PGV was 71.4% in the “met”
group, and 28.6% in the “unmet” group.

PGVs compared with the “unmet” groups
(P <.0001). B, Comparison of prevalence

BRCA1 {T ] = of PGVs between met and unmet NCCN
fisig BRCA2 b4 guideline criteria. Based on the NCCN
OHi guidelines, more likely to carry PGVs
~ than to not carry PGVs (3.7% vs 1.4%;
CHEK2 {T]n=2 .
P <.0001). Similar results were observed
BN for the six high-risk genes (2.0% vs 0.6%;
NFt =t P =.005) and for BRCA1/2 (6.7% vs 1.7%;
PALB2 [T =5 P <.0001)
PTEN {___]r=4
STK11
P53 {_]n=3
2 0 (%o 2 4 6

PTEN (0.20%), TP53 (0.20%), CHEK2 (0.15%), ATM (0.15%), NF1
(0.05%), CDH1 (0%), STK11 (0%), and NBN (0%).

3.2 | Risk factors and prediction

We assessed the prevalence of BRCA and other genes PGV carriers
in subgroups of risk factors. The risk factor assessment results are
shown in Figure 2. Presence of the BRCA PGV was significantly cor-
related with age at disease onset (P <.0001). Additionally, early onset
of the disease (age <45 years; P <.0001), personal history of ovarian
cancer (P <.0001), family history of breast cancer (P <.0001), family
history of ovarian cancer (P <.0009), triple-negative breast cancer
(TNBC; P =.0085), and bilateral breast cancer onset (P =.0425) were
also risk factors.

Figure 3 shows composites of age of onset, TNBC, and family
cancer history score for four types of cancer. The cancer family
history score, particularly 22, was significantly correlated with in-
creased BRCA PGV rates (P <.05).

Table 1 shows the multivariate and univariate analysis results.
Significant associations were identified between the presence
of BRCA PGV and early onset, cancer family history score 21, and
TNBC development in patients aged <60 years with bilateral breast
cancer, or a personal history of ovarian cancer (P =.0059, P <.0001,
and P <.0001, respectively).

BMI (P =.85) and MMG density (P =.45) were not significantly asso-
ciated with the presence of BRCA variants. In 14.5% of cases, the MMG

density was not applicable due to the presence of bilateral breast can-
cer, T4b (ulceration, bleeding), large lumps, referrals from other hos-
pitals, pregnancy, lactation period, pacemaker implantation, pain, or
a lack of imaging information for other reasons. Risk factors of other
genes with PGVs were not detected in this study (data not shown).

3.3 | NCCN guideline criteria

The 1995 patients in our cohort were classified into three groups
according to the NCCN criteria (Table S2). Of these cases, 40.9%
met the NCCN criteria for MGT and 59.1% did not (sensitivity 71.3%
and specificity 60.7%, P <.0001). The prevalence of cases with BRCA
PGV and PGVs in other genes was respectively 6.7% and 2.1% in
the “indicated” group, 6.1% and 0% in the “considered” group, and
1.7% and 0.6% in the “not recommended” group (Table S2). Figure 4
shows the number of cases and the ratio of those meeting to those
not meeting the NCCN criteria for each of the 11 genes analyzed in
this study.

3.4 | TC model

The TC model demonstrated a significant ability to predict the prob-
ability of carrying BRCA1 (AUC, 0.77; 95% Cl, 0.64-0.91), BRCA2
(AUC, 0.74; 95% Cl, 0.67-0.81), and BRCA1/2 (AUC, 0.75; 95%
Cl, 0.69-0.81; Figure 5). However, the probability was lower than
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expected from the results of the previous study, and the best cut-
offs from the ROC were determined to be 0.15% in BRCA1, 0.12%
in BRCA2, and 0.16% in BRCA1/2. Based on the TC model used in
this study, the sensitivity for predicting PGVs was 53.3% in BRCA1,
59.0% in BRCA2, and 63.2% in BRCA1/2, and the specificity was
found to be 92.2% in BRCA1,79.2% in BRCA2, and 76.8% in BRCA1/2.
Given that the NCCN guidelines use a cutoff of >5% for recommen-
dation and of 2.5%-5% for consideration for further screening, we
also assessed the TC performance with these cutoffs in each gene
(Figure 6, Table S3). For cases meeting the NCCN criteria and/or TC
20.16%, the sensitivity for predicting BRCA1/2 PGVs was 79.2% and
the specificity was 54.5%. And for the same population, the sensitiv-
ity for predicting 11 genes PGVs was 77.2% and the specificity was
54.8%.

4 | DISCUSSION

Predicting PGVs is important for managing breast cancer. However,
PGV differences based on ethnicity remain unclear. We evaluated
the risk factors for breast cancer-susceptible PGVs, particularly
BRCA1/2, as well as the performance of the TC model in predicting
pathogenic or likely pathogenic BRCA carriers in a Japanese cohort
of 1995 unselected women with primary breast cancer.

The prevalence of BRCA PGV was 3.9%, while 2.1-5.3% have
been reported.®” 1426 The risk factors of BRCA PGV were similar
to those reported previously. Combining these risk factors (TNBC,
age, cancer family history score) might lead to the establishment
of criteria for genetic testing (Figure 3). Moreover, the criteria for
the Japanese Breast Cancer Society composite of these risk factors
proved informative (Table $4).272 The NCCN criteria also showed
sufficient discriminatory ability, as reported previously.?®?? A study
conducted in the USA to validate the NCCN guidelines also reported
the ratio for the “indicated” population as 47.9%, which is compara-
ble to our results.?® However, as shown in Figure 1, the prevalence of
the related gene appears to differ between the two studies. Hence,
our data can be used to guide clinical practice, particularly in Japan.

The TC model performed well in this Japanese breast cancer co-
hort. ROC curve analysis revealed significant predictive values for
carrying BRCA1/2 PGVs. Interestingly, although ROC curve analysis
demonstrated the high discriminatory power of the TC model, our
data showed that the best cutoff was 0.16% for BRCA1/2, which is
nearly the same as the prevalence of BRCA1/2 in the healthy popu-
lation.®*¢Y” A possible reason for this is that the TC model is based
on the incidence, factors, and parameter values from Western coun-
tries. The incidence of breast and ovarian cancers by age group,
which also affects family or personal history of cancer, differs be-
tween Western countries and Japan.3° This difference in incidence
might be explained by genetic and environmental factors.

As for genetic factors, the prevalence of PGVs in BRCA or other
genes may differ according to country or region.®”'#332 |n Asian
countries, reports indicate that the prevalence of BRCA2 PGVs ap-
pears to be higher than that of BRCA1 PGVs.%"®32 The prevalence of
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FIGURE 5 Distribution of probability from Tyrer-Cuzick (TC)
model and receiver operating characteristic (ROC) curves. A,

(i) & (ii): Distribution of patients carrying BRCA1 PGVs. B, (i) &

(ii): Distribution of patients carrying BRCA2 pathogenic or likely
pathogenic germline variants (PGVs). C, (i) & (ii): Distribution of
patients carrying BRCA1/2 PGVs. Boxes represent the interquartile
range of the distribution. A(i), B(i), C(i): TC BRCA1, BRCA2, BRCA1/2
personal % was significantly higher in PGV carriers than in non-PGV
carriers. The horizontal line within the box represents the median,
and the vertical lines represent the 95% confidence interval

(CI). A(ii), B(ii), C(ii): ROC prediction curves for patients carrying
BRCA1, BRCA2, and BRCA1/2 PGVs. The TC model demonstrates
discrimination in predicting the probability of carrying BRCA1 PGV
(area under the curve [AUC], 0.77; 95% Cl, 0.64-0.91), BRCA2 PGV
(AUC, 0.74; 95% Cl, 0.67-0.81), and BRCA1/2 PGV (AUC, 0.75; 95%
Cl, 0.69-0.81)

each PGV in the same gene differs by country because some PGVs
are not reported in the archive ClinVar (Figure S1) in our cohort or
in previous studies.®3* Moreover, the risk of cancer associated with
these PGVs remains unknown because it has been reported that
some PGVs in BRCA are related to ovarian cancer, whereas others
are related to breast cancer, indicating that phenotypes might dif-
fer depending on the PGVs.*® These differences in the type and

nature of PGVs might affect the incidence of some cancers. As for
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(A) (B) FIGURE 6 Distribution of BRCA1/2
(n) (n) pathogenic or likely pathogenic germline
60 - E g§5<5 60 variant (PGV) carriers (n = 77) in groups
= 0.16<2 5 classified according to the National
] <0.16 Comprehensive Cancer Network (NCCN)
40 4 40 4 guidelines and Tyrer-Cuzick (TC) score.
(A) TC score (B) the NCCN guidelines with
20 - 20 - TC score cutoff of >5% (C) the NCCN
guidelines with TC score cutoff of 2.5%
| | and (D) the NCCN guidelines with TC
0 T T 0 T T score cutoff of TC score 20.16% (details
BRCA1 BRCA2 BRCA1 BRCA2 are shown in Table S3).
NCCN guideline
TC model v 8
With cut-off 5.0
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With cut-off 2.5

single-nucleotide polymorphisms, germline variants and polygenetic
single-nucleotide combinations have recently been used to improve
the prediction probability of BRCA carriers and breast cancer risk
assumptions, which is an area of research that warrants further
investigation.36

Environmental risk factors for breast cancer such as alcohol
intake, obesity, and MMG density may differ according to ethnic-
ity.2%%7 The rate of BMI 230% was 4.2% in our cohort and 4.4%
in the general Japanese female population, compared with 37.3%
in the USA and 29.5% in the United Kingdom.%® The distributions
of age-specific patterns in MMG density also differ by country or
region.g’s'40 These factors may be related to the lower breast can-
cer incidence in Japan. Further nationwide and global studies are
needed to elucidate the impact on cancer incidence of both genetic
and environmental factors as well as their interaction because we
were unable to validate these in the present study.

In the future, it is expected that the cost of MGT will decrease.
However, considering the high price currently, it is difficult in prac-
tice to recommend MGT for all breast cancer patients worldwide.
Furthermore, our data showed that some PGV carriers had late
onset of breast cancer, suggesting a need to identify the population
of PGV carriers who would benefit from risk-reduction surgery. The
PGV carrier prediction model is an essentially free, convenient, and
useful tool that can be used to support the decision-making process
for high-risk individuals and might also be useful for cancer risk as-
sessment. The model is based mainly on family and personal history,
similar to the TC model and can be used for the healthy population.

Because the genetic and environmental factors remain unclear, as

With cut-off 0.16

discussed above, it is practical and beneficial to use these models to
screen high-risk patients or high-risk healthy individuals and to rec-
ommend genetic testing and regular checkups based on the results.

This study had some limitations. First, most patients in this co-
hort were from western Japan. Because there are few reports of
regional PGV differences in Japan, our results are expected to be al-
most the same as those in studies using other unselected cohorts in
Japan.® Second, the patient histories might be underestimated given
that they were obtained through a questionnaire survey distributed
at hospital outpatient clinics. Third, PGV carriers of breast cancer
susceptibility genes except BRCA were rare in our study, and thus
we were unable to precisely validate prediction methods for these
genes. Compared with a previous study of a high-risk cohort, there
might be differences in the influence of family history on PGV pre-
diction for each gene, suggesting that it is necessary to study such
prediction to improve the model in the future.**

In conclusion, we assessed the risk factors of PGVs and estab-
lished a composite of clinicopathological parameters that might
help us predict the probability that a person is carrying BRCA1/2
PGV. In addition, we demonstrated that the NCCN guidelines and
the TC model can be readily applied for Japanese women with
breast cancer to identify BRCA PGV carriers. However, other pre-
diction models should also be examined, given that precise predic-
tion of germline variants is becoming increasingly crucial for future
breast cancer management and prevention. Further studies are
also needed to detect ethnic-specific PGV differences, particularly
environmental and genetic factors, as well as other genes contain-
ing PGVs.
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