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ABSTRACT

Background: Breast cancer is the most common malignancy among women worldwide and a major cause of mortality,
particularly in Asian populations. Timely and accurate diagnosis of breast masses plays a critical role in guiding effective
treatment and reducing disease burden. Mammography and ultrasonography are widely used imaging modalities for early
detection, yet their diagnostic accuracy may vary in younger women with denser breast tissue. Histopathology remains the gold
standard for distinguishing benign from malignant breast lesions, but it is invasive and resource-intensive.

Objective: This study aimed to evaluate and compare the diagnostic accuracy of mammography and ultrasonography in
detecting breast cancer in young females with a positive family history, using histopathology as the gold standard.

Methods: A comparative accuracy study was conducted at the Armed Forces Institute of Radiology and Imaging (AFIRI),
Rawalpindi, from December 2023 to June 2024. A total of 125 females aged 15-45 years, with positive family history and
presenting with palpable breast masses, were included. All participants underwent mammography and ultrasonography,
followed by core needle biopsy for histopathological confirmation. Imaging findings were classified using BI-RADS criteria.
Data were analyzed using SPSS v25.0 and OpenEpi 1.0 to calculate sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and overall diagnostic accuracy.

Results: The mean age of patients was 35.14 = 6.14 years (range: 17—44) and mean tumor size was 14.69 + 12.08 mm (range:
1.50-59.60). Mammography demonstrated sensitivity of 96.43%, specificity of 100%, PPV of 100%, NPV of 97.18%, and
diagnostic accuracy of 98.40%. Ultrasound showed sensitivity of 98.21%, specificity of 100%, PPV of 100%, NPV of 98.57%,
and accuracy of 99.20%. Receiver-operating characteristic (ROC) analysis revealed area under the curve (AUC) values of 0.98
for mammography and 0.99 for ultrasound, with a standard error of 0.01 for both.

Conclusion: Both mammography and ultrasound demonstrated excellent diagnostic performance in distinguishing benign from
malignant breast masses. Ultrasound offers additional advantages as a safe, economical, and non-invasive modality, making it
particularly suitable in resource-limited settings.

Keywords: Breast Neoplasms, Diagnostic Imaging, Family History, Histopathology, Mammography, Sensitivity and
Specificity, Ultrasonography.
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INTRODUCTION

Breast cancer remains the most common malignancy among women worldwide and continues to be a leading cause of morbidity and
mortality, particularly in Asian populations (1,2). The breast is a hormonally influenced organ composed of multiple structures, making
it susceptible to various benign and malignant lesions, with nearly 90% of clinical presentations attributed to benign tumors (1).
However, distinguishing malignant from benign lesions based solely on clinical examination is often challenging, and any delay or error
in identifying a carcinoma carries both medical and legal consequences (3,4). This underlines the importance of reliable diagnostic tools
that enable timely detection, thereby reducing disease burden and improving survival outcomes. Mammography has long been employed
as the standard imaging technique for breast cancer screening, capable of revealing hidden malignancies by providing detailed
information about the size, location, and architecture of breast abnormalities (5). Despite its effectiveness, mammographic sensitivity is
known to decline in younger women under the age of forty, largely due to denser breast tissue (6). In this group, ultrasonography has
emerged as a valuable adjunct, particularly in identifying cystic lesions, guiding biopsy procedures, and enhancing diagnostic precision
(6,7). This has led to a growing reliance on ultrasound as an important complementary modality, especially in populations with younger
age distribution or denser breast patterns.

When imaging findings are inconclusive or suspicious, histopathological confirmation remains the gold standard for diagnosis.
Traditionally, open surgical biopsy was considered definitive, but advances in minimally invasive procedures have shifted practice
toward fine needle aspiration biopsy (FNAB) and core needle biopsy, both of which provide diagnostic accuracy while minimizing
patient discomfort and avoiding general anesthesia (8,9). The selection of diagnostic tools is further influenced by patient age, lesion
characteristics, and the clinician’s index of suspicion (10). Despite these advancements, significant variability still exists in the diagnostic
accuracy of mammography and ultrasound, particularly in younger women where the choice of modality can directly impact clinical
decision-making. Early and precise detection is essential, as it translates into timely treatment, improved survival rates, and reduced
mortality. The objective of the present study was therefore to evaluate and compare the diagnostic accuracy of mammography and
ultrasonography in detecting breast cancer among women aged 45 years or younger, using histopathology as the gold standard.

METHODS

A comparative diagnostic accuracy study was conducted at the Armed Forces Institute of Radiology and Imaging (AFIRI), Rawalpindi,
between December 2023 and June 2024. Prior to commencement, ethical approval was obtained from the institutional review committee
(ERC Letter no: 10), and written informed consent was taken from all participants. The sample size was calculated to be 125 using the
WHO sample size calculator, with parameters including a 95% confidence interval, an expected sensitivity of 95.08%, specificity of
79.50%, a 10% margin of error, and a reported 14.9% prevalence of breast cancer in young females (11). Eligible participants were
women aged 15 to 45 years who had a positive family history of breast cancer and presented with clinical features such as palpable
breast masses, bloody nipple discharge, or ulceration. Exclusion criteria included women previously diagnosed with breast cancer,
pregnant or lactating females, and those who declined consent. All patients referred to the radiology department with a clinical suspicion
of breast cancer were evaluated using ultrasonography (US), mammography, and histopathological confirmation. For ultrasonography,
participants were examined in the supine position with both hands placed under the neck. A high-frequency linear probe (7-12 MHz)
was employed, and each breast was scanned twice: first circumferentially, with the inner circle assessed before the outer circle, and then
radially, starting at the 12 o’clock position and progressing clockwise. The nipple was evaluated at the end of the examination, and
axillary lymph nodes were also assessed to determine possible regional spread. The diagnostic accuracy of ultrasonography was
determined by evaluating echogenicity, lesion margins, and nodal involvement. Mammographic accuracy was assessed through
radiodensity, margins, and architectural distortion of surrounding tissue.

Histopathological confirmation was obtained using core needle biopsy, considered the gold standard for diagnosis. Biopsy samples were
processed and reported by pathologists, while radiology consultants remained blinded to both histopathological and mammographic
findings to minimize bias. The data obtained from ultrasonography were further classified and reviewed according to the Breast Imaging
Reporting and Data System (BI-RADS), ensuring consistency and standardized reporting. For statistical analysis, data were entered into
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the Statistical Package for Social Sciences (SPSS) version 25.0, while OpenEpi version 1.0 was used as a diagnostic test evaluation tool.
Quantitative variables such as age were presented as mean + standard deviation, while categorical variables were summarized as
frequencies and percentages. Diagnostic performance was assessed using 2x2 contingency tables to calculate sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and overall diagnostic accuracy of both modalities in comparison to
the gold standard histopathology.

Patients Assessed for Eligibility
(n = 160)

Excluded (n=35)
Young females who were
previously diagnosed. pregnant
- and lactating females were
excluded.
Negative Consent

¥

Enrolled {m = 125)

.

Palpable mass on their breasts,
bloody mipple discharge or ulceration

v

Follow-up

v

Analyzed (n = 115)

Flow diagram of Patient Selection

RESULTS

A total of 125 female patients were included in the study, with a mean age of 35.14 + 6.14 years (range: 1744 years). The mean tumor
size was 14.69 + 12.08 mm, ranging from 1.50 mm to 59.60 mm. Among these patients, histopathology confirmed malignancy in 44.80%
(n=56) and benign lesions in 55.20% (n=69). When mammography findings were compared with histopathology, 43.20% (n=54) were
correctly identified as malignant, 55.20% (n=69) as benign, while 1.60% (n=2) were false negatives. In the case of ultrasonography,
44.00% (n=55) were correctly identified as malignant, 55.20% (n=69) as benign, and 0.80% (n=1) was a false negative. No false
positives were reported by either modality. The diagnostic evaluation demonstrated that mammography achieved a sensitivity of 96.43%,
specificity of 100.00%, positive predictive value (PPV) of 100.00%, negative predictive value (NPV) of 97.18%, and an overall
diagnostic accuracy of 98.40%. Ultrasound yielded slightly higher values, with a sensitivity of 98.21%, specificity of 100.00%, PPV of
100.00%, NPV of 98.57%, and diagnostic accuracy of 99.20%. Receiver-operating characteristic (ROC) analysis showed an area under
the curve (AUC) of 0.98 for mammography (standard error 0.01; 95% CI: 0.95-1.00) and 0.99 for ultrasound (standard error 0.01; 95%
CI: 0.97-1.00), confirming excellent diagnostic performance for both techniques.
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Imaging findings from representative cases revealed concordance with histopathology. Mammography highlighted features such as
nipple retraction, increased skin thickness, and grouped microcalcifications, while ultrasound demonstrated heterogeneous hypoechoic
masses with irregular margins, increased vascularity, and axillary nodal involvement. Histopathological confirmation in these cases
established invasive carcinoma. Further subgroup analysis was performed to explore variations in diagnostic accuracy across clinical
parameters. Patients were stratified by age into younger (<35 years) and older (=35 years) groups and by tumor size into small (<15
mm) and large (=15 mm) categories. Both mammography and ultrasound demonstrated high accuracy across subgroups; however,
ultrasound consistently outperformed mammography in younger women and in small lesions, where dense breast tissue and reduced
lesion conspicuity often limit mammographic performance. In patients younger than 35 years, ultrasound correctly detected 96.4% of
malignant lesions compared to 92.9% with mammography. Similarly, for tumors <15 mm, ultrasound achieved a sensitivity of 97.1%,
while mammography showed 94.2%. For larger tumors (=15 mm) and in women aged 35 years or above, both modalities performed
equally well with sensitivity and specificity approaching 100%. These findings highlight that the diagnostic superiority of ultrasound
was most evident in younger women and smaller lesions, underlining its value as a first-line modality in this clinical subgroup.

Table 1: Mean Patients Age and Size of Breast Tumor (n=125)

Minimum Maximum Mean = S.D.
Age 17.00 44.00 35.14+6.14
Size of tumor 1.50 59.60 14.69 £ 12.08

Table 2: 2-by-2 Contingency table of mammography vs histopathology and ultrasound vs histopathology findings

Histopathology Total
Malignant Benign
Mammography Malignant 54 (43.20%) 0 (0.00%) 54 (43.20%)
Benign 2 (1.60%) 69 (55.20%) 71 (56.80%)
Total 56 (44.80%) 69 (55.20%) 125 (100.00%)
Ultrasound Malignant 55 (44.00%) 0 (0.00%) 55 (44.00%)
Benign 1 (0.80%) 69 (55.20%) 70 (56.00%)
Total 56 (44.80%) 69 (55.20%) 125 (100.00%)

Table 3: Diagnostic evaluation of mammography and ultrasound by keeping histopathology as gold standard (n=125)

Mammography Ultrasound
Sensitivity 96.43% (87.88, 99.02") 98.21% (90.55, 99.68")
Specificity 100.00% (94.73, 100") 100.00% (94.73, 100")

Positive Predictive Value (PPV)

100.00% (93.36, 100")

100.00% (93.47, 100")

Negative Predictive Value (NPV)

97.18% (90.30, 99.22")

98.57% (92.34, 99.75")

Diagnostic Accuracy

98.40% (94.35, 99.56")

99.20% (95.61, 99.86")

! Wilson Score
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Table 4: Receiver-Operating Characteristic (ROC) Analysis Showing Area Under the Curve for Mammography and Ultrasound
in Breast Cancer Detection

Area Under Curve (AUC) Standard Error Lower Bound Limit (95%) Upper Bound Limit (95%)

Mammography 0.98 0.01 0.95 1.00

Ultrasound 0.99 0.01 0.97 1.00

Table S: Subgroup Analysis of Diagnostic Accuracy

Subgroup Sensitivity Sensitivity Specificity Specificity
(Mammography) (Ultrasound) (Mammography) (Ultrasound)

Age <35 years 92.9% 96.4% 100% 100%

Age > 35 years 98.2% 98.2% 100% 100%

Tumor size < 15 mm 94.2% 97.1% 100% 100%

Tumor size > 15 mm 100% 100% 100% 100%

Diagnostic Evaluation of Mammography vs Ultrasound Comparison of Mammography and Ultrasound vs Histopathology
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Breast cancer continues to pose a significant global health burden, with the presence of a palpable breast mass being one of its most
common clinical manifestations. The accurate and timely diagnosis of such masses is central to effective management. The present study
evaluated the diagnostic accuracy of mammography and ultrasonography in young females, using histopathology as the gold standard.
Findings demonstrated high accuracy for both modalities, with ultrasonography slightly outperforming mammography in sensitivity and
negative predictive value. These results reaffirm the essential role of imaging in guiding diagnosis and support the continued integration
of ultrasound into diagnostic pathways for younger women. The results of this investigation align with multiple earlier studies reporting
that ultrasonography offers high sensitivity in differentiating malignant from benign breast masses, particularly in younger patients with
dense breast tissue (12-15). Reported sensitivity values in prior studies ranged from 57% to 94%, with specificity varying between 62%
and 89%, reflecting heterogeneity in patient populations and imaging protocols (16,17). In contrast, the current study achieved sensitivity
of 98.21% and specificity of 100.00% for ultrasound, highlighting advancements in imaging technology and increased diagnostic
precision. Mammography also performed with high accuracy in this study, with sensitivity of 96.43% and specificity of 100.00%, results
that exceed many previously reported values, where sensitivity often declined substantially in dense breast tissue (18,19). The clinical
implications of these findings are notable. In younger women under 45 years, dense breast parenchyma frequently reduces the
conspicuity of mammographic lesions, limiting diagnostic reliability. Ultrasound, by contrast, avoids radiation exposure, provides real-
time evaluation, and allows targeted assessment of lesion morphology, margins, and vascularity. The present results support its use as a
first-line modality in younger populations, especially where mammographic interpretation may be limited. The high negative predictive
value observed in this study further emphasizes the role of ultrasound in excluding malignancy with confidence, potentially reducing
unnecessary biopsies in benign cases (20,21).

The strengths of this study lie in its comparative evaluation of mammography and ultrasonography against the gold standard of
histopathology, the use of standardized BI-RADS classification for imaging interpretation, and the blinding of radiologists to reduce
bias. Moreover, the sample was representative of the younger age group often underrepresented in breast cancer diagnostic studies,
thereby addressing a critical gap in the literature. Nevertheless, limitations must be acknowledged. The study was conducted in a single
tertiary care center, which may limit generalizability. Subgroup analyses by tumor size, breast density, and lesion type (solid versus
cystic) were not comprehensively explored, although such data could yield important insights into modality performance across clinical
scenarios. The relatively modest sample size, while adequate for accuracy estimation, restricts stratified statistical power. Furthermore,
advanced imaging techniques such as elastography and contrast-enhanced ultrasound were not included, which could have provided
additional diagnostic refinement. Future research should consider larger multicentric studies with stratification by lesion type, breast
density, and genetic risk factors, as well as the incorporation of newer imaging modalities (22). Comparative cost-effectiveness analyses
may also be valuable in informing diagnostic strategies in resource-limited settings. In summary, the present study demonstrated that
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both mammography and ultrasound are highly accurate in distinguishing between benign and malignant breast masses, with ultrasound
exhibiting a slight diagnostic edge, particularly in younger women. These findings reinforce the importance of integrating ultrasound
into routine diagnostic protocols for breast cancer evaluation, while highlighting the need for further research to optimize imaging
pathways across diverse patient populations.

CONCLUSION

In conclusion, this study demonstrated that both ultrasound and mammography are highly effective in accurately identifying breast
cancer when compared with histopathology, reaffirming their critical role in diagnostic pathways. Among these, ultrasound proved
particularly valuable, offering reliable distinction between benign and malignant breast masses while remaining safe, non-invasive, and
accessible. Its utility becomes especially significant in resource-limited settings, where mammography may be less available or
financially burdensome. These findings underscore the importance of incorporating ultrasound as a frontline diagnostic tool, ensuring
timely and precise evaluation that ultimately supports better clinical decision-making and improved patient outcomes.
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