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ABSTRACT ___

BACKGROUND: Breast cancer is linked to BRCA1 and BRCA2 germline mutations represents a biologically
aggressive subtype that is early in onset and heterogeneous on imaging. Even though mammography and ultrasound
are still the most commonly used imaging modalities, local evidence evaluating the association between the radiological
features and BRCA mutation status are scarce. OBJECTIVE: To evaluate the association between mammographic
and sonographic imaging features and BRCA genetic mutation in histopathologically diagnosed breast cancer patients.
METHODS: This retrospective observational study was conducted at Shaukat Khanum Memorial hospital within a
period of ten years (January 2015 - July 2025). 62 biopsy proven breast cancer patients with verified BRCA mutations
were included. Next-generation sequencing was performed for genetic testing and variants were classified based on
the American College of Medical Genetics and Genomics (ACMG) guidelines. Mammographic and ultrasound
appearances such as lesion size, margins, laterality, lesion number, the existence of micro-calcifications as well as
the axillary lymph node characteristics were analyzed. Statistical associations between imaging features and BRCA
mutation status were assessed using SPSS version 25. RESULTS: The patients were all females with a mean age
of 36.4 + 7.4 years. 50.0% and 46.7% of patients were found to have BRCA1 and BRCA2 mutations respectively. The
most common histopathological subtype was high-grade invasive ductal carcinoma (64.5%). Pleomorphic
microcalcifications proved to be statistically significant with BRCA1 mutations (p = 0.05). There were no statistically
significant associations between BRCA mutation status with laterality and lesion size, margins, multicentricity,
laterality, or axillary lymph node characteristics. CONCLUSION: The BRCA associated breast cancers are early in
age and they are mostly of high-grade tumors. Most of the mammographic and sonograph appearances also overlap
with the sporadic breast cancer, although the pleomorphic microcalcifications might indicate BRCA1-associated
disease. Further studies based on the combination of radiology with clinical and pathological characteristics could
provide enhanced genetic assessment and improved risk stratification in high-risk populations.
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Introduction ____

Breast cancer is the most prevalent malignancy in
women around the globe, and it is still a major cause
of cancer related morbidity and mortality.? It arises from
the epithelial lining of the breast ducts or lobules and
is a biologically heterogeneous condition with extensive
differences in clinical manifestation, histopathology,
genetic background, and radiological imaging. Breast
cancer is responsible approximately one-quarter of all
cancers diagnosed in women all over the world, and
has an increasing incidence both in developed and
developing nations.2

Breast cancer can either be a sporadic disease or a
hereditary cancer syndrome. Most of the cases are
sporadic but about 5-10% of the breast cancers are
hereditary and this is usually linked to germline mutation
in the BRCA1 and BRCA2 genes.3 The genes are tumor
suppressors and are important in DNA repair by homo-
logous recombination. Mutations in BRCA genes are
pathogenic, can lead to genomic instability and a greater
lifetime risk of breast cancer. BRCA-associated breast
cancers have a younger onset and are in most cases
characterized by high grade tumors and aggressive
biological behaviour. The rate of breast cancer incidence
in Pakistan is among the highest in Asia with one in
every nine women in the country being at risk of deve-
loping it during her lifetime.4 It constitutes one third of
all cancers affecting women in the country and a large
number of them reported the cancer at an advanced
stage.5 In Pakistan it has relatively younger onset
compared with other countries like India and Iran which
points towards genetic predisposition, family risk factors,
which include BRCA mutations. The following epidemio-
logical trends demonstrate that effective early detection
strategies specific to the local population should be
developed.6

Radiological imaging is a key factor in the diagnosis
and treatment of breast cancer. Mammography and
ultrasound continue to be the most available and most
used imaging modalities in low and middle-income
countries, including Pakistan.” Mammography provides
critical information in terms of lesion size, margins,
density, and the existence of microcalcifications
especially pleomorphic microcalcifications which are
regarded as suspicious of malignancy.8.® Ultrasound
particularly plays an important role in young women
with dense breast tissues and it enables evaluation of
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the morphology, multicentricity as well as the involve-
ment of axillary lymph nodes including cortical
thickening and loss of fatty hilum.10 Nonetheless, BRCA
associated breast cancers can exhibit unpredictable
and occasionally abnormal imaging findings which can
be superimposed with normal ones. This heterogeneity
can decrease diagnostic certainty and cause delayed
diagnosis.’! Regardless of the fact that the burden of
disease and the number of genetic testing are increasing,
but the local data on the association between radiological
imaging features and BRCA genetic mutations are
scarce.

The main aim of this study is to evaluate the association
between radiological features on mammography and
ultrasound and BRCA genetic mutations in histopa-
thologically confirmed breast cancer patients. Therefore,
offering evidence within the local context to enhance
imaging-assessed evaluation and early detection of
breast cancer in high-risk populations.

Methodology _____

This retrospective observational cross-sectional study
was conducted in the Department of Diagnostic Radio-
logy in collaboration with the Department of Pathology
in Shaukat Khanum Memorial Hospital. After obtaining
approval from the Institutional Ethical Review Board
and as it is retrospective study informed consent was
waived off (EX-29-10-25-02), retrospective data were
analysed in a period of two months using the Hospital
Management Information System, covering a ten-year
duration from January 2015 to July 2025. The sample
size included 62 patients. All of the biopsy-proven
patients with a confirmed BRCA genetic mutation during
the study period were included. The purposeful sampling
was employed in order to cover all patients meeting the
eligibility criteria. Both men and women with histopatho-
logically confirmed breast cancer and who had
conducted radiological imaging and BRCA genetic
testing within the framework of the study institution
were included. The patients who had BRCA mutations
but only came to be screened without being diagnosed
with a case of breast cancer were eliminated.

All patients with confirmed BRCA mutations, including
BRCA1, BRCA2, or combined mutations were identified.
Next-generation sequencing (NGS) panel technology
was used to determine genetic testing. BRCA variants

PIR April - June 2026; 36(2) 95




detected were categorized as recommended by the
American College of Medical Genetics and Genomics
(ACMG) into a tier-based classification system as shown
in (Fig.1). This classification was used for stratification
and analysis of genetic subtypes.

ACMG Tier Classification

Classification

Variants with strong evidente
supparting disease causation

Figure 1: BRCA variants were classified according to ACMG tier-
based pathogenicity criteria.

Radiological evaluation consisted of mammography
and ultrasound which were conducted as routine clinical
examinations. Since most of the patients reported
palpable masses in their breasts, it is common to apply
ultrasound as the first imaging technique, and a
diagnostic mammography when clinically necessary.
Mammography was done with the help of Mammomat
3000 Nova Siemens system, and the ultrasound exa-
minations were performed with the help of Toshiba Aplio
ultrasound machine. Mammograms were reported and
ultrasounds were performed by consultant radiologist.
The review of the imaging findings was done using the
Breast Imaging-Reporting and Data System (BI-RADS)
based on categories of assessment. The radiological
variables that were analyzed included lesion size,
location, bilaterality, lesion numbers (single or multi-
centric), lesion margins, the presence of microcal-
cifications and axillary lymph node (cortical thickening
and fatty hilum loss) characteristics. The size of the
tumors was measured in millimeters. Pathology reporting
done by consultant pathologists rendered histopatho-
logical data which consisted of tumor subtype, histologic
grade and immunohistochemical markers.

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 25.
Categorical variables were summarized as frequencies
and percentages, while numerical variables such as
patient age were described using measures of central
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tendency, including mean, median, and mode. Inferential
statistical tests such as chi-square test were applied to
assess the associations between radiological features
and BRCA mutation status, with statistical significance
determined according to standard analytical thresholds
(p <0.05).

B-e_s_u'l'ts__

Demographic and Clinical Characteristics

This study is comprised of 62 women who had breast
cancer which was confirmed histopathologically and
had their BRCA genetic mutations recorded. There were
no male identified with BRCA- associated breast cancer.
The age of the patients was between 22 to 50 years,
and the mean age of patients was 36.4 + 7.4 years
(Fig.2).

FAMILY HISTORY OF
CANCERS IN BRCA1
MUTATION PATIENTS

9.68%

b4
o}

6.45%

29.03%

4.84%

BRCA1 STATUS

YES 14.52%

5.48%

|

Positive for other CA Positive for breast CA
M Negative

FAMILY HISTORY OF
CANCERS IN BRCA2
MUTATION PATIENTS

2.40%
NO 4.52%
32.26%

9.68%

BRCA2 STATUS

YES 6.45%

32.26%

Positive for other CA Positive for breast CA

M Negative

Figure 2: Family history in BRCA mutation.
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Histopathological Findings
(Tab.1) summarizes detailed demographic, clinical and
histopathological characteristics.

. . Frequency|Percentage
Variables Categories (n)/ Range (%)
Female 62 100
Gender
Male 0 0
Range 22 -50 —
Age (years)
Mean £ SD 364174 —
Breast cancer 13 210
Family History
Other cancers 9 14.5
Not significant 40 64.5
Invasive ductal carcinoma Grade 2 18 29.0
Histo-
Invasive ductal carcinoma Grade 3 40 64.5
pathological
Ductal carcinoma in situ 3 4.8
Characteristics| - - -
Poorly differentiated carcinoma 1 1.6

Table 1: Demographic, clinical, and histopathological characteristics
of the study population (n = 62)

BRCA Mutation Profile

Analysis of the genotypes revealed BRCA1 mutation in
31 participants (50.0%), BRCA2 mutation in 29
participants (46.7%), and combined BRCA1 and BRCA2
mutation in 2 participants (3.3%). Additional stratification
based on ACMG classification showed variation in the
pathogenicity of mutation. Non-pathological variants
were the most predominant BRCA1 variants (45.2%),

. . Frequency|Percentage
Variables Categories (n) (%)
BRCA 1 31 50.0
BRCA Mutation
BRCA2 2 46.7
Status
BRCA1+BRCA2 2 3.3
Non-pathological variant 28 452
BRCA 1
Tier 1 16 258
Subtypes
Tier 2 1 1.6
(ACMG -
Tier 3 4 6.5
classification)
Tier 4 13 21.0
Tier 1 7 11.3
BRCA2
Tier 2 4 6.5
Subtypes -
Tier 3 9 14.5
(ACMG
Tier 4 10 16.1
classification) - -
Non-pathological variant 32 51.6

Note: ACMG; American College of Medical Genetics and Genomics.

Table 2: Distribution of BRCA genetic mutations and ACMG-based
subtypes in the study population (n = 62)
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then Tier 1 variants (25.8%), Tier 4 variants (21.0%),
Tier 3 variants (6.5%), and lastly, Tier 2 variants (1.6%).
In BRCA2, the most common variants were of non-
pathological type (51.6%), then Tier 4 (16.1%), Tier 3
(14.5%), Tier 1 (11.83%) and Tier 2 (6.5%). (Tab.2)
demonstrates it in a detailed manner.

Imaging Characteristics

The lesions were more often located in the right breast
(35 patients, 56.5%), compared with the left breast (27
patients, 43.5%). Forty-five patients had only single
lesion (72.6%); 17 patients had multicentric disease
with satellite nodules (27.4%). Pleomorphic microcalci-
fications shown on the mammographic evaluation proved
to be statistically significant with BRCA1 mutations
(p = 0.05). Microcalcifications and BRCA2 mutations
did not show any statistically significant association
(Fig.3,4). The lesion margins had variability in the
imaging appearance with irregular lobulated margins

Figure 3: MLO and CC Views of mamogram showing intralesional
amorphous microcalcifications in upper outer region.

Figure 4: MLO and CC Views of mamogram showing pleomorphic
microcalcifications in upper central and outer region of extremely
dense breast parenchyma
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being the most frequent (54.8%), then ill-defined margins
(25.8%), spiculated margins (12.9%) and well-circums-
cribed margins (1.6%). The lesion margins and BRCA
mutation status did not possess a statistically significant
association.

The majority of lesion sizes (69.4%) included 3-5 cm
observed in 43 patients. In 12 patients (19.4%), lesions
smaller than 3 cm were observed and in 4 patients
(6.5%), there were lesions more than 5 cm. There was
no statistically significant relationship between the size
of lesion and BRCA mutation status.

Axillary Lymph Node Assessment

On ultrasound examinnation of axillary lymph nodes,
13 patients showed the normal lymph nodes (21.0%).
The commonest abnormal observation was increased
cortical thickness occurring in 31 cases (50.0%) and
grossly suspicious lymph nodes with focal loss of
echogenicity were noted in 18 cases (29.0%). Despite
these sonographic features there was no statistically
significant association between axillary lymph node
characteristics and BRCA mutation.

Di .
In this retrospective study, we evaluated the mammo-
graphic and sonographic characteristics of breast cancer
in BRCA1 plus BRCA2 genetic mutation patients over
ten years. The relatively young mean age of 36.4 + 7.4
years observed in our cohort contributes to existing
evidence that has already been established showing
that hereditary cancer of the breast occurs at a younger
age than the sporadic disease; reflecting the influence
of underlying genetic susceptibility.’2 Dense breast
parenchyma also reduces mammographic sensitivity
in younger women and justifies the use of ultrasound
as the first line imaging modality in our group. Similar
age distributions have been reported in contemporary
studies from Asian and Middle Eastern populations,
where BRCA-associated breast cancer tends to manifest
at a younger age compared with Western cohorts.13,14
Even though some portion of the patients had a positive
family history of breast or other malignancies, most of
them did not record a significant family history. The
present finding aligns with the current literature which
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emphasized the fact that dependence on family history
might not be sufficient to detect a significant number
of BRCA mutation carriers.15 These findings highlight
the need to incorporate clinical features, radiologic
results and genetic analysis in determining risk of
hereditary breast cancer. The 62 BRCA-positive cases
included in this study represent only patients who met
institutional criteria and underwent genetic testing which
included: patients with a first-degree relative with breast
or ovarian cancer, and patients presenting with breast
cancer recurrence after treatment. Patients presenting
with metastatic breast cancer at initial diagnosis were
not offered BRCA testing, and patients with other types
of cancer were not included. Testing availability, referral
patterns, and financial considerations may have influ-
enced this number; therefore, it does not reflect the true
population prevalence of BRCA mutations.27
Histopathological evaluation has shown a major
preponderance of invasive ductal carcinoma with a high-
grade percentage of Grade 3 tumors. This aligns with
the previous literature, which shows that BRCA1-
associated breast cancers are more often of high grade
and with a biological aggressive nature.16 Although
BRCAZ2 associated tumors are in most instances said
to be more heterogeneous, the general occurrence of
a high-grade disease in our cohort is probably due to
later presentation and limited early detection measures
in the local healthcare setting. Genetic heterogeneity
of hereditary breast cancer is further demonstrated by
the presence of combined mutations on BRCA1 and
BRCA2 mutations though uncommon.17 Besides, the
broad range of possible variants under the ACMG
classification, such as variants of a non-pathological
type, along with variants of uncertain significance,
demonstrates the complications noted in the recent
genomic literature, especially in the underrepresented
population where variant interpretation remains
complex.18

Radiologically, the most notable finding of this study
was that pleomorphic microcalcifications showed
significant association with BRCA1 mutations. Although
previous studies had reported inconsistent findings on
the association of calcification patterns with BRCA
status, more current literature is identifying suspicious
microcalcification ((particularly pleomorphic and fine
linear/branching types) in BRCA1-associated tumors.
19,26 Better resolution of imaging and wider use
diagnostic mammography in younger, high-risk patients
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can be one of the reasons why this new association is
emerging.19 This lack of similar association with BRCA2
mutations in our cohort is consistent with the evidence
indicating that BRCA2 associated malignancies are
more suggestive of sporadic, luminal-type tumors on
imaging.20 In comparison, lesion margins were found
to be statistically non significantly associated with the
BRCA mutation status. This fact aligns with recent
literature which point out that there was great overlap
regarding the mammo-graphic versus the sonographic
appearance of hereditary and sporadic breast cancer.2
Although the visualization of certain BRCA1-associated
tumors have been articulated to depict benign patterns
of MRI imaging in selected cases, it is probable that any
differences in imaging modality, study model, and patient
selection are probably to clarify the variations. Our
results highlight the importance of the individual use of
conventional imaging features as a reliable method of
disease differentiation between BRCA1 and BRCA2 is
not significant.22 Similarly, the size of lesion and the
axillary lymph node characteristics did not show a
significant association with BRCA mutation status. The
occurrence of tumors ranging between 3-5 cm and the
high incidence of tumors in the abnormal axillary lymph
nodes suggests an already advanced disease at the
time of presentation, a pattern that has already been
witnessed in low and middle-income countries. Our
findings are also supported by literature emerging
recently that showed tumor grade, tumor stage, and
nodal involvement are more strongly influenced of tumor
size and malignancy compared to presence or absence
of genetic mutations.23 Overall, the present study adds
to the growing body of evidence suggesting that
although certain radiological features may demonstrate
genotype-specific associations, the ability of mammo-
graphy and ultrasound to reliably predict BRCA mutation
status remains limited.24.25

Conclusion _____

BRCA-associated breast cancers is an indicative of an
aggressive pathophysiology of the disease. Although
the majority of mammaographic and sonographic features
overlapped to those of sporadic breast cancer, pleo-

morphic microcalcifications have statistically significant
association with BRCA1 mutations. The results highlight
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the significance of integrating radiological imaging with
clinical and histopathological factors to facilitate timely
genetic evaluation and personalized management of
high-risk groups.

LIMITATIONS AND RECOMMENDATIONS
Limitations of the study include retrospective, single
center design, small study sample and missing BRCA-
negative control group, thus limiting the generalizability
and statistical power. Reliance on the traditional imaging
without regular MRI could have limited the identification
of the genotype-based imaging features. It is suggested
that further multicenter prospective studies involving
larger cohort studies, BRCA -negative controls, and the
use of advanced imaging and radiogenomic approaches
should be used to improve early diagnosis and risk
prediction in high-risk populations.
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