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ABSTRACT

Breast cancer remains one of the major global public health challenges and is among the leading causes of mor-
tality among women. Early detection is essential to improve prognosis and reduce mortality, and mammog-
raphy is considered the gold standard method for population screening. However, this examination presents
limitations related to variability in image interpretation, the influence of breast density, and the occurrence of
false-positive and false-negative results. In this context, artificial intelligence (AI) has emerged as a promising
technology by enabling greater diagnostic accuracy, standardization of analyses, and identification of subtle pat-
terns in mammographic images.

This study aimed to analyze the application of artificial intelligence in the early detection of breast cancer through
mammography, evaluating the performance of machine learning and deep learning algorithms compared with
interpretation performed by radiologists. A systematic literature review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Searches were carried out in
the PubMed, IEEE Xplore Digital Library, and SciELO databases between July and December 2025, considering
articles published from 2018 to 2025 in Portuguese, English, and Spanish. Initially, 148 studies were identi-
fied; after duplicate removal and application of eligibility criteria, ten articles were selected for final analysis.
The results demonstrated that Al-based systems showed superior or complementary diagnostic performance
compared with conventional interpretation methods, with increased sensitivity, reduction of false positives, and
improved identification of subtle radiological patterns. Furthermore, Al contributed to workflow optimization
and reduction of interobserver variability among radiologists. Despite these advances, limitations related to
external validation, methodological heterogeneity, and algorithmic bias were identified. Artificial intelligence
represents a promising strategy to strengthen mammographic screening and support clinical decision-making
in breast cancer diagnosis.
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Introduction

Breast cancer remains one of the major public health problems

ennium [2]. This epidemiological scenario reinforces the importance
of effective screening strategies and early diagnosis. Early detection
is recognized as one of the most important factors associated with

worldwide and represents the most prevalent malignancy among
women as well as one of the leading causes of female mortality. Ac-
cording to the World Health Organization, approximately 2.3 mil-
lion new cases and nearly 670,000 deaths were reported globally in
2022 [1]. In Brazil, data from the National Cancer Institute estimate
approximately 73,000 new cases annually during the 2023-2025 tri-

reduced mortality, since diagnoses performed in initial stages allow
more effective therapeutic interventions and better clinical outcomes
[3]. Mammography has therefore become the gold standard imag-
ing method for population screening programs. However, despite its
clinical relevance, mammography still presents limitations associat-
ed with variability in image interpretation, difficulties in evaluating
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dense breasts, and the occurrence of false-positive and false-negative
results. With recent technological advances, artificial intelligence (AI)
has emerged as an innovative tool capable of supporting medical im-
age interpretation and improving diagnostic accuracy. Machine learn-
ing algorithms and deep neural networks have demonstrated signif-
icant performance in recognizing subtle mammographic patterns,
often imperceptible to the human eye [4]. These systems allow the
analysis of large datasets, contributing to standardization of image
interpretation and reduction in reading time.

Al-based systems can achieve sensitivity and specificity levels
comparable or complementary to those obtained by experienced ra-
diologists, especially in settings with high imaging demand or short-
age of qualified professionals [5]. Nevertheless, despite technological
progress, clinical implementation still faces important challenges,
including ethical concerns, algorithmic bias, database variability, and
regulatory limitations related to incorporation into routine medical
practice. In addition to technological aspects, social, economic, and
organizational impacts should also be considered. Integration of Al
into mammography requires investments in digital infrastructure,
professional training, and adaptation of healthcare workflows. At the
same time, these technologies may expand diagnostic access, opti-
mize healthcare resources, and reduce unnecessary complementary
examinations [6]. Given this scenario of technological advances and
emerging challenges, it is essential to systematically understand how
artificial intelligence has been applied to mammography and its im-
pact on early breast cancer detection. Therefore, this study aimed to
analyze the application of artificial intelligence in early breast cancer
diagnosis through mammography, emphasizing machine learning al-
gorithms in pattern recognition and evaluating diagnostic outcomes
such as sensitivity, specificity, reduction of false positives, and diag-
nostic time compared with traditional radiological interpretation.

Theoretical Framework

Fundamental Concepts of Artificial Intelligence in Medi-
cine

Artificial intelligence is a field of computer science focused on de-
veloping systems capable of performing tasks that normally require
human intelligence, including pattern recognition, decision-making,
learning, and adaptation [7]. In medicine, Al has been widely applied
to improve diagnostic accuracy, optimize clinical processes, automate
data analysis, and support therapeutic decision-making. Machine
learning, an important Al subfield, involves training algorithms to
identify patterns in large volumes of data, including images, text, and
physiological signals [5]. Supervised learning algorithms are trained
using labeled datasets, enabling predictions and classifications based
on new inputs. In clinical practice, Al has been implemented in sev-
eral medical specialties, particularly in radiology and diagnostic im-
aging [8]. Al systems support healthcare professionals by increasing

speed, precision, and efficiency rather than replacing human exper-
tise. Among the most frequently applied methods in mammography,
supervised learning stands out because algorithms are trained using
labeled mammographic images associated with known clinical out-
comes. This allows identification of microcalcifications, nodules, and
suspicious lesions with improved sensitivity and specificity [6]. Deep
learning models, especially convolutional neural networks (CNNs),
have shown remarkable performance in automatic image analysis
and lesion classification. Despite the promising advances, Al integra-
tion into healthcare still faces challenges involving ethical concerns,
data privacy, reliability of automated systems, and strict regulatory
requirements [6]. Nonetheless, Al continues to demonstrate strong
potential to transform modern medicine by facilitating early disease
detection and improving healthcare quality.

Breast Cancer

Importance of Early Detection and Traditional Diagnostic
Methods: Breast cancer remains one of the leading causes of can-
cer-related death among women worldwide and has a significant
impact on healthcare systems [9]. Early detection is fundamental be-
cause it increases the chances of successful treatment and survival.
Mammography is the primary screening tool for breast cancer and
allows detection of tissue abnormalities such as nodules and micro-
calcifications before clinical symptoms appear [10]. However, mam-
mography has limitations, particularly in women with dense breast
tissue and in cases involving small lesions. Ultrasound is frequently
used as a complementary examination to mammography, while bi-
opsy remains the definitive diagnostic method for histopathological
confirmation [9]. Additionally, the Breast Imaging Reporting and Data
System (BI-RADS) standardizes mammographic interpretation and
guides clinical management. Artificial intelligence can complement
BI-RADS interpretation by reducing unnecessary additional examina-
tions, improving lesion characterization, and minimizing interobserv-
er variability [11]. Al-based systems provide more standardized and
consistent evaluations, potentially increasing diagnostic reliability
and improving early detection. Despite their importance, traditional
diagnostic methods still present limitations related to false-positive
and false-negative results, which may lead to unnecessary procedures
or delayed diagnosis [10]. Consequently, the search for more accurate
and efficient diagnostic methods remains a priority in medical re-
search.

Integration of Artificial Intelligence in Breast Cancer Di-
agnosis

The integration of artificial intelligence into breast cancer diagno-
sis has become one of the most promising advances in radiology [12].
Al algorithms improve lesion detection in mammography and provide
faster and more accurate image interpretation. Deep learning tech-
niques, especially convolutional neural networks, have demonstrated
substantial capability in identifying and classifying mammograph-

Copyright@ : Antonione Santos Bezerra Pinto | Biomed ] Sci & Tech Res | BJSTR.MS.ID.010243.

58005


https://dx.doi.org/10.26717/BJSTR.2026.65.010243

Volume 65- Issue 5

DOI: 10.26717/BJSTR.2026.65.010243

ic abnormalities automatically [13]. These models detect subtle ra-
diological variations, including microcalcifications and architectural
distortions, that may not be readily identified by radiologists. CNNs
operate through convolution, pooling, and activation functions, en-
abling extraction of hierarchical image features [14]. Early layers
identify basic structures such as edges and textures, whereas deeper
layers recognize more complex patterns associated with malignancy.
Al systems also contribute to workflow optimization by reducing ra-
diologists’” workload and prioritizing suspicious examinations [15].
Nevertheless, successful implementation depends on access to large
high-quality datasets, robust validation, and regulatory approval.

Ethical and Regulatory Aspects

The use of artificial intelligence in healthcare requires careful
consideration of ethical and regulatory aspects. In Brazil, the Nation-
al Health Surveillance Agency (ANVISA) evaluates Al-based medical
devices regarding safety, effectiveness, and reliability. Similarly, the
United States Food and Drug Administration (FDA) follows rigorous
approval protocols for medical software utilizing machine learning
technologies [16]. Patient privacy and data protection also represent
critical concerns. The Brazilian General Data Protection Law (LGPD)
establishes principles for processing sensitive health data, including
consent, anonymization, and cybersecurity measures [17]. Another
important issue involves algorithmic bias. Al models may reproduce
inequalities present in training datasets, resulting in reduced diagnos-
tic performance for certain ethnic or demographic populations [18].
Therefore, transparency, diverse validation datasets, and continuous
auditing are essential to ensure fairness and equity in healthcare.

Methodology

This study consisted of a systematic literature review on the ap-
plication of artificial intelligence in mammography for early breast
cancer diagnosis. The review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to
ensure methodological rigor and transparency. The search strategy
was structured according to the PICO model. The target population
included women undergoing mammography and mammographic
image databases. The intervention involved the use of artificial in-
telligence algorithms, including machine learning and deep learn-
ing systems, applied to detection of suspicious lesions. Comparisons
considered the diagnostic performance of Al systems versus radiol-
ogists’ interpretation, while evaluated outcomes included diagnostic
accuracy, sensitivity, specificity, and early lesion detection. The search
terms included “Breast Cancer” AND “Artificial Intelligence,” “
mography” AND “Machine Learning,” and “Deep Learning” AND “Ear-
ly Diagnosis.” Boolean operators AND and OR were applied to opti-
mize sensitivity and specificity. Searches were conducted in PubMed,

Mam-

IEEE Xplore Digital Library, and SciELO databases between July and
December 2025. The article selection process included title screen-
ing, abstract reading, and full-text analysis. Rayyan software was used
to organize the review and reduce selection bias. Inclusion criteria
comprised original clinical studies evaluating Al algorithms applied
to mammography, including cohort studies, case-control studies, and
clinical trials with at least 50 patients and objective diagnostic met-
rics. Studies without full-text availability, narrative reviews, dupli-
cated articles, and in silico investigations without clinical validation
were excluded. Methodological quality and risk of bias were assessed
using the QUADAS-2 tool.

Results and Discussion

Atotal of 148 references were identified across the selected data-
bases, including 95 articles from PubMed and 53 from SciELO. After
duplicate removal and application of eligibility criteria, 10 studies
were selected for the final systematic review (Figure 1). The select-
ed studies are summarized in Table 1. The integration of artificial
intelligence into diagnostic medicine has transformed breast cancer
screening and mammographic interpretation. Al systems improve di-
agnostic precision, increase sensitivity, reduce false-negative results,
and decrease interobserver variability among radiologists [19]. Deep
learning algorithms demonstrated remarkable ability to identify sub-
tle patterns, especially in dense breasts and early-stage lesions [20].
Several studies reported diagnostic performance comparable or su-
perior to experienced radiologists, particularly in high-demand clin-
ical environments. Al also contributed to workflow optimization by
prioritizing suspicious examinations and reducing reading time [15].
In addition, the reduction of false-positive results minimized unnec-
essary biopsies and psychological distress among patients. Despite
these advantages, important limitations remain. Many studies still
lack external validation, and methodological heterogeneity limits di-
rect comparison between findings [21]. Differences in datasets, imag-
ing acquisition methods, and performance metrics remain significant
challenges. Cost-effectiveness should also be considered. Although
Al implementation requires investment in infrastructure and profes-
sional training, reduction of unnecessary procedures and improved
workflow efficiency may generate long-term economic benefits [15-
20]. The patient perspective is equally relevant, since acceptance of
Al influences trust and satisfaction with healthcare services. Trans-
parency regarding the supportive role of Al and maintenance of hu-
man supervision remain essential for ethical and responsible imple-
mentation (Figure 2). Overall, the findings of this systematic review
demonstrate that artificial intelligence constitutes a robust and effi-
cient complementary tool for improving early breast cancer diagnosis
through mammography.
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Figure 1: PRISMA Flowchart.
Table 1: Selected studies and main characteristics.
Author / Year Study Type | Sample Size Main Metrics Clg:;it;z/ Main Findings Main Limitations
Analytical AUC, accurac Al 'models identified subtle mam- Limited clinical valida-
Geras, 2019 observa- 12,500 exams sensitivit ¥ USA mographic patterns and contributed | tion and use of specific
tional study y to early breast cancer detection datasets
Multicenter e . . . e
Mckinney, 2020 | experimen- | 28,000 exams Sensitivity, usa / Unit- | Al achieved p_erforman_ce equlvalent N_eed for vahdatlc_)n in
tal study specificity, AUC | ed Kingdom or superior to radiologists different populations
Sensitivity, . . Retrospective design
Frazer, 2021 Retrospec- 8,964 exams specificity, pre- Australia Deep .lealjnmg demonstrated hlgh limited immediate
tive study L precision in breast cancer detection L o
dictive value clinical application
Marinovich, 2023 til(:gﬁ?al :e- d 108,970 Detection thg, Australia Al inqrea_sgd cancer dete_ction with- Dependen@ on specific
exams recall, specificity out significantly increasing recalls population data
cohort
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Compara-

Schopf, 2024 | tive analyti- | 15200 exams | AU TSk pre- India Al demonstrated strong ability to| -} orithm variability
cal study iction predict future breast cancer ris
Prospective Sensitivity, Al was effective for real-time screen-
Chang, 2025 multicenter | 52,300 exams | AUC, detection Sweden . d early d . Preliminary findings
cohort rate ing and early detection
Clinical Workload . AP .
Friedewald, 2025 | implemen- | 34,700 exams | reduction, sensi- USA Al 1.~ed.uced readllng Worklo.a d by Chmc}f Illlntegratlon
tation study Hvity triaging normal examinations challenges
Accuracy, sensi- . . . . . .
Hasan, 2025 'Observa- 21,600 exams | tivity, diagnos- United King- Al 1mprqvgd dlagpgstlc efficiency Lack of standardization
tional study tic efficiency dom and clinical decision support
Longitudi- Risk prediction, Al improved mammography-based Need for long-term
Ingman, 2025 nal study 18,450 exams AUC Germany breast cancer risk prediction follow-up
Tan. 2025 Experimen- 26,800 exams Rigg f:?;géi]faif:-a- China Multi-view neural networks im- Need for external vali-
! tal study g tion, sensitivity proved classification and diagnosis dation
Note: Source: Authors (2025).
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Conclusion

The integrated analysis of the selected studies demonstrated that
artificial intelligence has become a strategic tool in breast cancer diag-
nosis by improving diagnostic precision, enhancing screening quality,
and supporting prognostic assessment. Machine learning and deep
learning algorithms showed increasing performance in early detec-
tion, risk stratification, and differentiation between benign and malig-
nant lesions. Artificial intelligence reduces interpretative variability,
supports healthcare professionals in high-demand settings, and opti-
mizes clinical workflows. However, important challenges remain, in-
cluding limited external validation, algorithmic bias, methodological
heterogeneity, and the need for robust datasets. Future studies should
prioritize external validation in diverse populations, development of
standardized evaluation protocols, and investigation of long-term
clinical outcomes associated with Al implementation. Despite current
limitations, artificial intelligence represents a promising and inno-
vative approach capable of strengthening mammographic screening
and improving breast cancer diagnosis.
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