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Breast cancer is the most common cancer among women worldwide, with germline mutations in high-penetrance genes like
BRCA1 and BRCA2, and moderate-penetrance genes such as CHEK2 and ATM contributing majorly to the onset of the same.
Universal germline genetic testing offers an avenue to improve early identification and develop appropriate management guide-
lines. Our retrospective cohort study analyzed data from 525 newly diagnosed breast cancer patients at Mercy Hospital Fort Smith
from January 2020 to December 2023. Patients underwent germline genetic testing using next-generation sequencing panels irre-
spective of family history of cancer. Details on patient demographics, clinical characteristics, and genetic test results were collected
and analyzed. The median age at diagnosis of patients was 66, with invasive ductal carcinoma (IDC) being the major subtype
(66%). CHEK2 mutations were the most common pathogenic mutations (9 patients), followed by BRCA1 and MUTYH (6 each).
Pathogenic mutations were more prevalent in patients over 60 years (63%). Germline mutations were identified more frequently in
IDC than in ductal carcinoma in situ. Among patients with germline mutations, there was a significant drift toward mastectomy over
breast-conserving surgery. Universal germline genetic testing identified pathogenic mutations in a significant proportion of breast
cancer patients, especially among the older patient population. The findings further emphasize the importance of integrating uni-
versal genetic testing into routine care to guide surgical and risk-reduction management protocols effectively. Further research is
needed to regularize genetic testing in similar patients.
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INTRODUCTION

Breast cancer is the most common cancer in women and
one of the primary causes of cancer-related deaths in women
globally. According to estimates, by 2022, the annual inci-
dence of breast cancer was 11.6% globally, with an annual
mortality rate of 6.9% [1]. The 5-year survival rate of patients
with breast cancer varies depending on the stage of the
disease, ranging from 22% to 100%. However, this varies
depending on the patient’s place of origin, genetic predisposi-
tion, and other factors that play a significant role in the onset
and progression of the disease [2].

Germline mutations in specific genes are known to cause
familial breast cancer, accounting for approximately 5% to
10% of all breast cancers [3]. Overall, 20% to 40% of familial

breast cancers are caused by BRCA1/BRCA2 mutations
[4,5]. According to a recent meta-analysis, carriers of BRCA1
mutations have a 57% to 65% lifetime risk of breast cancer,
and carriers of BRCA2 mutations have a 45% to 49% lifetime
risk [6,7]. Although breast cancer is more prevalent in Asian
populations, the majority of research to date has focused on
the prevalence and range of BRCA1 and BRCA2 mutations
in white populations from Europe, North America, Africa, and
African American populations. Age-specific incidence rates of
breast cancer vary significantly between nations and ethnic
groups worldwide; therefore, to establish suitable genetic
testing and management, a deeper understanding of the mu-
tation spectrum of these high-penetrance genes and cancer
risk prediction is required [8]. Germline genetic mutations are
known to contribute to a proportion of breast cancer cases,
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particularly through high-risk genes such as BRCA1, BRCA2,
and PALB2, which increase the risk of breast cancer [9]. Mu-
tations in these genes are associated with hereditary breast
and ovarian cancer syndromes, often leading to an earlier
onset of the disease and significantly influencing treatment
decisions.

In addition, moderate-penetrance genes, such as ATM and
CHEK?2, are increasingly recognized for their role in breast
cancer susceptibility. These mutations increase breast cancer
risk by approximately two to three-fold, stressing the need
for broader genetic screening strategies to identify patients
who might benefit from personalized treatment approaches
[10]. Traditionally, genetic testing has been offered selectively
to patients based on their family history, age at diagnosis, or
specific clinical features. However, this approach often miss-
es patients without a significant family history of cancer, high-
lighting the importance of universal genetic testing strategies.
Universal germline genetic testing at diagnosis, irrespective
of family history, has emerged as a promising method for the
early identification of mutations impacting medical decisions.
In 2020, our institution implemented universal germline ge-
netic testing for all newly diagnosed breast cancer patients,
regardless of their family history. This initiative aimed to
achieve several objectives: first, to determine the prevalence
of pathogenic and likely pathogenic mutations in breast
cancer patients treated at our center; second, to explore the
presence of germline mutations in patients diagnosed with
ductal carcinoma in situ (DCIS), a non-invasive precursor to
invasive breast cancer; and third, to evaluate whether the
early implementation of universal germline testing influenced
surgical decisions, such as the choice between bilateral mas-
tectomy and breast-conserving surgery (BCS).

MATERIALS AND METHODS

Study design and setting

This small, single-centered, retrospective cohort study was
conducted at Mercy Hospital Fort Smith, a tertiary care can-
cer center. The study period spanned from January 2020 to
December 2023. This study was approved by the Institutional
Review Board of the Mercy Hospital Fort Smith ([1968367-
2] 23-019). Informed consent was not necessary because
the study included retrospective data collection. We included
all newly diagnosed breast cancer patients who presented
to our institution from January 2020 onwards. Patients were
identified using our institutional cancer registry. Inclusion cri-
teria were a new diagnosis of breast cancer confirmed by his-
topathology, age > 18 years, and stage | through Ill, irrespec-
tive of family history of breast cancer. Patients with recurrent
or metastatic breast cancer at initial presentation and those
with insufficient data were excluded from the final analysis.
Germline genetic testing was initiated as a pilot project to
test all diagnosed breast cancer patients, starting in January
2020 at our institution. At the time of diagnosis, patients were
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offered germline genetic testing irrespective of their family
history of breast cancer. Genetic testing was conducted using
next-generation sequencing panels that included common
breast cancer susceptibility genes, such as BRCA1, BRCA2,
PALB2, CHEK2, ATM, and others. Blood samples were col-
lected from the patients, and DNA was extracted for analysis.
Testing was performed by accredited laboratories following
standard protocols.

Data collection

Data on patient demographics, clinical characteristics, and
treatment modalities were collected. Information on age, sex,
ethnicity, tumor stage, and histopathological subtype (inva-
sive ductal carcinoma [IDC], invasive lobular carcinoma, and
DCIS) was recorded. Details of germline genetic test results,
including the presence of pathogenic or likely pathogenic
variants and variants of unknown significance (VUS), have
been documented.

Objectives

The primary objectives of this study were as follows: 1) To de-
termine the prevalence of germline mutations in patients with
newly diagnosed breast cancer treated at our institution; 2)
To evaluate the prevalence of germline mutations in patients
diagnosed with DCIS; 3) To assess whether early universal
germline testing influenced the choice of surgical treatment,
particularly the decision between BCS and mastectomy.

Statistical analysis

Descriptive statistics were used to summarize the patient de-
mographics, clinical characteristics, and genetic test results.
The prevalence of germline mutations was calculated as the
proportion of patients with pathogenic or likely pathogenic
variants among all tested individuals. Subgroup analyses
were performed to compare the mutation prevalence between
patients with invasive breast cancer and DCIS. To evaluate
the impact of germline testing on surgical decision-making,
we compared the rates of BCS and mastectomy between
patients who tested positive for germline mutations and those
who did not.

Follow-up and data management

Patients were followed up through routine clinical visits, and
data on surgical outcomes and subsequent treatments were
recorded. Data were managed using a secure Health Insur-
ance Portability and Accountability Act-compliant electronic
database. Patient confidentiality was maintained throughout
the study. Genetic counseling was provided to all patients
undergoing germline testing to discuss the implications of
the test results for themselves and their families. Patients
with positive test results were offered additional support and
management options, including enhanced surveillance and
risk-reducing strategies.



RESULTS

From January 2020 to December 2023, 525 patients diag-
nosed with breast cancer were observed in the oncology
clinic. The median age at diagnosis was 66 years, with ages
ranging from 32 to 91 years old. IDC has emerged as the
most common subtype, accounting for 66% of cases. This
was followed by DCIS, which represented 18% of the patient
population (Table 1). The majority of the patients (82%) had
estrogen receptor-positive (ER+) cancer, while the remaining
18% had estrogen receptor-negative (ER-) cancer. Addition-
ally, approximately 13% of the patients were diagnosed with
HER2-positive breast cancer, of which 61% were classified
as HER2 low (Table 2).

Prevalence of germline mutations

In terms of genetic mutations, the most common patho-
genic mutation identified was CHEK2, which was found in
9 patients. This was followed by mutations in BRCA1 and
MUYTH, each found in 6 patients. Predominant germline
mutations were identified in patients with IDC, followed by
those with DCIS. Notably, 2 patients with a pure mucinous
subtype had a germline pathogenic mutation in RECQL4
(Table 3). Analysis of age-related mutation prevalence re-
vealed a higher percentage of pathogenic breast cancer-re-
lated mutations in patients over 60 years of age (63% vs.
37%). All CHEK2 mutations were identified in patients aged
> 60 years old.

Surgical outcomes

Of the 41 patients with pathogenic mutations, 17 underwent
partial mastectomy, 12 underwent bilateral mastectomy, and
two underwent unilateral mastectomy as evident in Table 4.
All patients with BRCA1/2 mutations opted for bilateral mas-
tectomy, and all patients with CHEK2 mutations underwent

Table 1. Breast cancer subtypes among patients

Subtype Patient
Invasive ductal carcinoma 66
Ductal carcinoma in situ 18
Other subtypes 16

Values are presented as percentage.

Table 2. Hormone receptor status and HER2 positivity

Variable Patient
Hormone receptor status
ER positive 82
ER negative 18
HER2 status
HER?2 positive 13
HER2 low 61

Values are presented as percentage. ER, estrogen receptor.
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partial mastectomy. Additionally, several VUS were identified,
which followed a similar pattern and were more common in
patients with IDC. The most frequently reported VUS muta-
tion involves the ATM gene (Fig. 1).

In conclusion, this comprehensive analysis of breast can-
cer patients over three years highlights the predominance of
germline mutations in ER+ cancers, as well as the significant
presence of HER2-positive cases, as explained in Table 2
and 3. This study underscores the importance of genetic test-
ing for identifying pathogenic mutations and guiding surgical
decisions, particularly in older patients.

DISCUSSION

Breast cancer is the most common malignancy worldwide
and the second leading cause of cancer-related deaths in
females [11]. Multiple factors influence the development of
breast cancer, including age, sex, race, history of breast
cancer, reproductive and hormonal factors, smoking, obesity,
exposure to ionizing radiation, and genetic factors. However,
BRCA1 and BRCA2 have been noted to have high pene-
trance susceptibility and have been the main genetic factors
contributing to hereditary breast cancer in the past. Multiple
genetic mutations with low and moderate penetrance, in-
cluding those in PALB2, P53, PTEN, ATM, BRIP1, PALB2,
and CHEK2, have been studied with advances in genomic
technology and have been implicated in hereditary breast
cancer [11,12]. Our understanding of the etiology of breast
cancer revolves around how DNA damage responds to and

Table 3. Pathogenic mutations in breast cancer patients

Age above Age below

Mutation Total 60 yr 60 yr
CHEK2 9 9 0
BRCA1 6 3 3
MUYTH 6 4 2
BRCA2 4 2 2
RECQL4 2 0 2
PALB2 2 1 1
MSH6 2 0 2
BARD1 2 1 1
Other mutations (RAD50, 10 4 6

MSH2, BLM, NHL1,
CTNNA1, PSM2, EMN1,
SDHB, VHL, FH)

Values are presented as number.

Table 4. Surgical interventions in patients with pathogenic
mutations

Surgery type Number of patients
Partial mastectomy 17
Bilateral mastectomy 12
Unilateral mastectomy 2
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VUS mutations in breast cancer patients
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Figure 1. Distribution of VUS mutations. VSU, variants of unknown
significance.

is repaired. Lifestyle choices, cellular metabolism, and envi-
ronmental exposure to genotoxic factors contribute to DNA
damage. Double-stranded breaks are one of the deadliest
types of DNA damage. Inaccurate double-strand break repair
can have catastrophic effects on cells, including aneuploidy
and genetic instability. Homologous recombination or the
clumsy nonhomologous end-joining method can be used to
fix double-strand breaks. Since BRCA1 directly participates
in the repair of double-strand breaks, coordinates proteins
essential for the response to DNA damage, and influences
the activation of cells, homologous recombination plays a sig-
nificant role in the risk of breast cancer [13].

BRCA1/2 proteins play a unique role in DNA repair. As a
result, early tumorigenesis and buildup of mutations in other
genes are caused by loss-of-function mutations. While spe-
cific mutations are known, BRCA1/2 mutations are unevenly
dispersed throughout the genes without hotspots. Women
with BRCA1/2 germline mutations are considerably more
likely to develop breast and ovarian cancers than the general
population. The increased incidence of breast cancer starts
at the age of 30, ovarian cancer in BRCA1 syndrome starts
at the age of 40, and BRCAZ2 starts at the age of 50. BRCA
syndrome should be suspected if breast and ovarian cancers
have occurred, if male breast cancer cases are known, or if
there is clustering of breast cancer in first-degree relatives,
especially at a young age. Although medullary-differentiated
breast carcinomas appear to be more common among BRCA
disorders, other types of carcinomas can also arise. While
correlation with DCIS is uncommon, BRCA germline muta-
tions appear to be common in triple-negative breast cancers
[14]. The primary cause of hereditary breast cancer, which
raises a woman'’s lifelong risk of developing breast cancer,
has been found to be BRCA1/BRCA2 mutations. Asians have
an overall BRCA1/BRCA2 mutation prevalence that is similar
to that of other ethnic groups. With the exception of Korea

44 | Cancer Prev 2025;30(1):41-46

and the Philippines, the frequency of BRCA1 mutations is
comparable to or marginally higher than that of BRCA2 muta-
tions in most Asian nations. Asian parents with breast cancer
are expected to benefit from better genetic counseling and
cancer management given their awareness of the mutation
spectrum of BRCA1/BRCA2 mutation carriers [15].

PALB2 (BRCAZ2 localizer and partner) is a moderate-risk
gene associated with familial breast cancer. Biallelic muta-
tions cause Fanconi anemia complementation group N, and
monoallelic mutations can cause malignancies. PALB2 en-
codes a protein that binds and colocalizes with BRCA2 in the
nuclear foci to act as a tumor suppressor. PALB2 provides a
molecular scaffold for the BRCA1-PALB2-BRCA2 complex
and allows BRCA2 to localize to the nucleus. PALB2 inter-
acts with BRCA2 to swap out replication protein A for RAD51
on the processed single-stranded DNA end, in addition to
working with BRCAZ2 to prevent cells from accumulating DNA
damage. As the last stage of the interstrand cross-link repair
mechanism, homologous recombination is also crucial and
lacking in Fanconi anemia [13]. Further research is needed
to offer a more comprehensive analysis of the involvement of
PALB2 in breast cancer in different populations due to racial
homogeneity, as Black American women are less likely than
white American women to develop breast cancer. However,
the disease tends to affect black females earlier, with more
negative prognostic indicators and a higher death rate. A
slightly elevated risk but distinct mutational spectrum has
been found in small cohort studies of PALB2 mutation status
with African ancestry [16-18].

The cell cycle checkpoint kinase 2 gene (CHEK2 or CHK2)
is a tumor suppressor gene that contributes to breast cancer
risk through its involvement in DNA repair and replication
checkpoints. The three well-acknowledged germline vari-
ants in CHEK2 are 1100delC, R145W, and 1157T. The most
well-studied mutation, 1100delC, is linked to a reduced pro-
tein, CHEK2, which is defective and lacks the kinase activity
[19]. Missense mutations R145W and [157T have much
lower penetrance than the 1100delC mutation, which results
in unstable mutant proteins and harmful binding [20]. Some
studies have shown that truncating and missense CHEK2
mutations are linked to an increased risk of ovarian and
breast cancer. Furthermore, carriers of CHEK2 mutations
with a family history of cancer were more likely to acquire
second primary tumors, and CHEK2 mutations predisposed
women to particular forms of breast cancer [21]. The findings
of our study suggest that pathogenic mutations in CHEK2 are
particularly prevalent in the demographic population served
by our institution. This observation aligns with previous stud-
ies indicating regional and ethnic variations in the prevalence
of germline mutations, including CHEK2, as described by
Kaufman et al. [22] and others. Additionally, our data reveals
that the CHEK2 mutation was exclusively identified in pa-
tients aged over 60, consistent with findings from Laitman et
al. [23].



Traditionally, genetic testing has been more readily offered
to younger patients or those with significant family histories
of cancer; however, our results challenge this approach and
suggest that age is not a limiting factor in genetic evaluation.
Moreover, approximately 9% of IDC patients in our cohort
had germline mutations, which was significantly higher than
the 4.2% prevalence observed in patients with DCIS. This
disparity underscores the biological differences between in-
vasive and noninvasive diseases and highlights the potential
value of genetic testing across the spectrum of breast cancer
diagnoses. For patients with DCIS, germline mutations may
help identify those at a higher risk of progression to invasive
disease, thereby aiding personalized treatment and surveil-
lance strategies.

Our review also reveals a distinct trend among patients
having BRCA1/2 mutations, where a majority opted for pro-
phylactic mastectomy as their treatment [24]. This finding
suggests that early genetic testing not only provides critical
information about hereditary cancer risks but also plays a sig-
nificant role in influencing patient decisions regarding surgical
management. The availability of germline genetic information
at the time of diagnosis enables patients and clinicians to
make informed decisions regarding risk-reducing surgeries,
potentially improving long-term outcomes and quality of life.

Based on our study, we firmly believe that universal germ-
line genetic testing should be offered to all newly diagnosed
breast cancer patients, regardless of age, family history, or
disease stage. Incorporating genetic testing as a standard
of care can lead to the earlier identification of high-risk muta-
tions, allowing for specific treatment and preventive modali-
ties. Furthermore, such an approach can significantly contrib-
ute to a wider and better understanding of the genetic vari-
ations in breast cancer and their use in patient care. Future
studies should aim to further evaluate the cost-effectiveness
of universal testing, assess patient outcomes over extended
follow-ups, and explore how genetic information influences
long-term decision-making in diverse populations.

FUNDING

None.

CONFLICTS OF INTEREST

No potential conflicts of interest were disclosed.

ORCID

Maha Zafar, https://orcid.org/0009-0001-6656-9262
Manaswini Krishnakumar, https://orcid.org/0009-0007-9629-2050
Aswanth Reddy, https://orcid.org/0000-0003-0790-6289

Germline Mutation and Genetic Testing in Breast Cancer

REFERENCES

10.

1.

12.

13.

14.

15.

16.

. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjo-

mataram |, et al. Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin 2024;74:229-63.

Howlader N, Ries LA, Mariotto AB, Reichman ME, Ruhl J, Cronin
KA. Improved estimates of cancer-specific survival rates from
population-based data. J Natl Cancer Inst 2010;102:1584-98.
Ripperger T, Gadzicki D, Meindl A, Schlegelberger B. Breast
cancer susceptibility: current knowledge and implications for
genetic counselling. Eur J Hum Genet 2009;17:722-31.
Fackenthal JD, Olopade Ol. Breast cancer risk associated with
BRCA1 and BRCAZ2 in diverse populations. Nat Rev Cancer
2007;7:937-48.

Couch FJ, Nathanson KL, Offit K. Two decades after BRCA:
setting paradigms in personalized cancer care and prevention.
Science 2014;343:1466-70.

Antoniou A, Pharoah PD, Narod S, Risch HA, Eyfjord JE, Hopper
JL, et al. Average risks of breast and ovarian cancer associated
with BRCA1 or BRCA2 mutations detected in case series
unselected for family history: a combined analysis of 22 studies.
Am J Hum Genet 2003;72:1117-30.

Chen S, Parmigiani G. Meta-analysis of BRCA1 and BRCA2
penetrance. J Clin Oncol 2007;25:1329-33.

Deapen D, Liu L, Perkins C, Bernstein L, Ross RK. Rapidly rising
breast cancer incidence rates among Asian-American women.
Int J Cancer 2002;99:747-50.

Barili V, Ambrosini E, Bortesi B, Minari R, De Sensi E, Canni-
zzaro IR, et al. Genetic basis of breast and ovarian cancer:
approaches and lessons learnt from three decades of inherited
predisposition testing. Genes (Basel) 2024;15:219.

Couch FJ, Hart SN, Sharma P, Toland AE, Wang X, Miron P, et
al. Inherited mutations in 17 breast cancer susceptibility genes
among a large triple-negative breast cancer cohort unselected
for family history of breast cancer. J Clin Oncol 2015;33:304-11.
Habyarimana T, Attaleb M, Mugenzi P, Mazarati JB, Bakri Y, El
Mzibri M. CHEK2 germ line mutations are lacking among familial
and sporadic breast cancer patients in Rwanda. Asian Pac J
Cancer Prev 2018;19:375-9.

Rinella ES, Shao Y, Yackowski L, Pramanik S, Oratz R, Schnabel
F, et al. Genetic variants associated with breast cancer risk for
Ashkenazi Jewish women with strong family histories but no
identifiable BRCA1/2 mutation. Hum Genet 2013;132:523-36.
Evans MK, Longo DL. PALB2 mutations and breast-cancer risk.
N Engl J Med 2014;371:566-8.

Lax SF. [Hereditary breast and ovarian cancer]. Pathologe
2017;38:149-55. German.

Kwong A, Shin VY, Ho JC, Kang E, Nakamura S, Teo SH, et al.
Comprehensive spectrum of BRCA1 and BRCA2 deleterious
mutations in breast cancer in Asian countries. J Med Genet
2016;53:15-23.

Zheng Y, Zhang J, Niu Q, Huo D, Olopade Ol. Novel germline
PALB2 truncating mutations in African American breast cancer

http:/Awww.jcpjounal.org 45


https://orcid.org/0009-0001-6656-9262
https://orcid.org/0009-0007-9629-2050
https://orcid.org/0000-0003-0790-6289

Zafar et al.

17.

18.

19.

20.

46

patients. Cancer 2012;118:1362-70.

Ding YC, Steele L, Chu LH, Kelley K, Davis H, John EM, et al.
Germline mutations in PALB2 in African-American breast cancer
cases. Breast Cancer Res Treat 2011;126:227-30.

Casadei S, Norquist BM, Walsh T, Stray S, Mandell JB, Lee
MK, et al. Contribution of inherited mutations in the BRCA2-
interacting protein PALB2 to familial breast cancer. Cancer Res
2011;71:2222-9.

Chen W, Yurong S, Liansheng N. Breast cancer low-penetrance
allele 1100delC in the CHEK2 gene: not present in the Chinese
familial breast cancer population. Adv Ther 2008;25:496-501.
Cybulski C, Wokotorczyk D, Jakubowska A, Huzarski T, Byrski T,
Gronwald J, et al. Risk of breast cancer in women with a CHEK2
mutation with and without a family history of breast cancer. J Clin
Oncol 2011;29:3747-52.

J Cancer Prev 2025;30(1):41-46

21.

22.

23.

24.

Kleiblova P, Stolarova L, Krizova K, Lhota F, Hojny J, Zemankova
P, et al. Identification of deleterious germline CHEK2 mutations
and their association with breast and ovarian cancer. Int J
Cancer 2019;145:1782-97.

Kaufman B, Laitman Y, Gronwald J, Winqvist R, Irmejs A,
Lubinski J, et al. Haplotypes of the 1157T CHEK2 germline
mutation in ethnically diverse populations. Fam Cancer 2009;8:
473-8.

Laitman Y, Kaufman B, Lahad EL, Papa MZ, Friedman E. Ger-
mline CHEK2 mutations in Jewish Ashkenazi women at high risk
for breast cancer. Isr Med Assoc J 2007;9:791-6.

Record SM, Thomas SM, Ntowe K, Chiba A, Plichta JK.
BRCA1/2 mutation carriers & risk reducing mastectomy:
who undergoes surgery and potential benefits. Am J Surg
2024;227:146-52.



