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Abstract. Invasive Ductal Carcinoma (IDC) is the most common and
aggressive subtype of breast cancer, requiring early and reliable diagno-
sis to support clinical decision-making. This paper presents BreCAI, an
Al-powered digital pathology platform designed to assist IDC diagnosis
through an end-to-end workflow integrating secure access, histopatholog- ical
image upload, automated Al-based analysis, result visualization, and
structured report generation. The platform embeds a deep learning diag-
nostic engine based on transfer learning to perform patch-level analysis
and produce probabilistic IDC predictions. BreCAI was evaluated un- der
real Algerian clinical conditions using independent histopathological
slides, demonstrating stable behavior and practical usability for routine
pathology workflows.
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1 Introduction

Breast cancer is the most commonly diagnosed malignancy worldwide and a
leading cause of cancer-related mortality [1]. In women, it accounts for nearly
12% of all newly reported cancer cases globally [2].

Breast cancer mainly manifests as ductal carcinoma in situ (DCIS) and in-
vasive ductal carcinoma (IDC) [3]. While DCIS represents a small fraction of
cases, IDC is the most prevalent and aggressive subtype, characterized by the
invasion of malignant cells into surrounding breast tissue [4].

Early detection plays a critical role in improving treatment outcomes [5]. Diagnosis
primarily relies on the visual examination of histopathological slides, where tissue
samples stained with hematoxylin and eosin (H&E) are analyzed under a
microscope to identify malignant patterns [6, 7]. However, this process is time-
consuming and subject to inter- and intra-observer variability [8].
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To address these challenges, artificial intelligence (Al), particularly deep learning,
has emerged as a powerful tool. Convolutional neural networks (CNNs) can auto-
matically learn hierarchical features from complex image data, enabling accurate
and reproducible diagnoses and improving the detection of early-stage malignan-
cies [9].

Despite significant progress, most existing works focus on model performance eval-
uated on public datasets, with limited attention to their integration into complete
clinical workflows.

In our previous work [10], we developed and clinically validated a deep learn- ing
model for IDC detection. Building upon this, we propose BreCAI, an Al- as-
sisted diagnostic platform that integrates this model into a complete clinical
workflow. Unlike standalone approaches, BreCAl is designed to support pathol- ogists
in routine practice, bridging the gap between research and real-world clinical
application.

2 Related Work

Recent advances in artificial intelligence have significantly improved digital
pathol- ogy for breast cancer analysis, with invasive ductal carcinoma (IDC)
being a major focus of deep learning research.

Early studies primarily addressed whole-slide image (WSI) analysis. Cruz-
Roa et al. [11] introduced one of the first CNN-based frameworks for automatic
IDC detection using patch extraction and probability maps. Later works shifted to-
ward patch-level classification, with architectures optimized for histopatho- logical
data. Ouf et al. [12] proposed CancerNet, a lightweight CNN based on depthwise
separable convolutions, achieving improved performance compared to conventional
transfer learning models.

More recent studies explored modern CNN architectures. Voon et al. [13] high-
lighted EfficientNetV2-B0 as a good trade-off between accuracy and effi- ciency,
while Mahbub et al. [14] reported strong performance using Efficient- NetBO with
reduced complexity. In addition, domain-adapted training strate- gies have been
investigated. Jawad et al. [15] improved CNN performance using histopathology-
driven training, and Kanadath et al. [16] showed that fine-tuning pretrained models,
particularly DenseNet-based architectures, outperforms fixed feature extraction.

Despite these advances, most works focus on improving model performance,
with limited attention to their integration into clinically usable systems. Existing
digital pathology tools such as QuPath [17], Cytomine [18], SlideRunner [19], and
ASAP [20] mainly support visualization and annotation tasks, rather than complete
Al-assisted diagnostic workflows.

Only a few studies have explored interactive Al-based systems. Dequit and Nafa
[21] proposed a CNN-based prototype with a graphical interface for pre- diction
visualization; however, it remains limited to experimental use.
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Overall, there is still a gap between high-performing deep learning models and
their deployment in real clinical environments. This limitation motivates the devel-
opment of integrated platforms such as BreCALI

3 Model Development

This section presents the development of the deep learning model used for au-
tomated IDC detection. The model was developed as an independent analytical com-
ponent, ensuring robustness and facilitating its integration into the BreCAI plat-
form.

3.1 Dataset Used

The Al model integrated into the BreCAI platform was trained and evaluated
using the Breast Histopathology Images dataset, a publicly available dataset
hosted on Kaggle [22]. The dataset consists of 277,524 color image patches of
size 50 X 50 X 3, extracted from 162 whole-slide images of breast tissue biopsies.
These patches include both IDC-positive and IDC-negative regions.

This dataset is therefore well suited for training and validating the deep learning
model deployed within the BreCAI platform.

3.2 Model Architecture

Our proposed diagnostic model is based on a convolutional neural network built
upon an EfficientNetBO0 backbone, as illustrated in Figure 1. This architecture was
selected due to its compound scaling strategy, which provides a favorable balance
between representational capacity and computational efficiency [23].
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Fig. 1: Overview of the model architecture.

To adapt the pretrained backbone to the histopathological domain, additional
convolutional layers were incorporated to refine domain-specific features. These
layers enhance the model’s sensitivity to tissue morphology and structural abnor-
malities associated with invasive carcinoma. Feature aggregation is subsequently
applied through global average pooling to generate a compact representation for
each image patch, followed by a dense classification head producing a probabilistic
output indicating the likelihood of IDC-related patterns.

The selection of the proposed architecture is based on a comparative evaluation
of multiple deep learning models, as detailed in our previous work [10]. In contrast,
the present study focuses on it’s integration into the BreCAI platform.
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Table 1: Classification performance of the proposed model

Class Precision Recall F1-score Support

IDC (--) 0.96 0.88 0.92 39,663

IDC (+) 0.75 0.92 0.82 15,842

Accuracy 0.89 55,505

Macro Avg 0.86 0.90 0.87 55,505

Weighted 0.90 0.89 0.89 55,505
Avg

3.3 Experimental Results

To ensure a clinically relevant evaluation, the proposed model was assessed using
performance metrics commonly adopted in medical image analysis. The quanti-
tative results summarized in Table 1.

At the class level, the model shows a high recall of 0.92 for IDC-positive
samples, indicating strong sensitivity in detecting malignant regions. For IDC-
negative samples, the model achieves a precision of 0.96 and a recall of 0.88,
highlighting its ability to reliably identify non-cancerous tissue.

In addition, the macro-averaged and weighted-averaged metrics indicate con- sis-
tent performance despite class imbalance. These results confirm the robustness and
clinical relevance of the proposed model for automated IDC detection from histo-
pathological images.

4 Platform Design and Implementation

Following the training and validation of the proposed deep learning model, we
designed and implemented BreCAI, an Al-assisted diagnostic platform intended
for practical clinical use. The platform bridges the gap between algorithmic devel-
opment and real-world deployment.

This section presents the overall system architecture, the Al inference work-
flow, and the key functional modules supporting clinical interaction.

41 Overall Platform Architecture

The BreCAlI platform adopts a layered and modular architecture designed to en-
sure scalability, security, and seamless integration of Al-based histopathological

analysis into clinical workflows, as illustrated in Figure 2.
At a high level, the architecture is organized into five main layers:
1. Secure Access Layer: Ensures secure authentication and role-based ac-
cess control, regulating user permissions and protecting sensitive medical

data.

2. BreCAl Core Layer: Manages patient records, coordinates the diagnostic
workflow, and orchestrates interactions between platform components.
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Al Diagnosis Layer: Constitutes the analytical core of the system. It han- dles
automated preprocessing, patch-level analysis, and inference using the deployed
deep learning model.
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Fig. 2: Overall Architecture of the BreCAI platform.

3. Visualization Layer: Presents diagnostic results through interpretable vi-
sualizations and generates structured diagnostic reports with patch-level
an- notations.

4. Infrastructure Layer: Provides data storage, file management, and inte-
gration with external services required for reliable platform operation.

This layered design ensures a clear separation of concerns while providing a
secure and extensible foundation for Al-assisted diagnosis in real clinical settings.
4.2 System Workflow

The system workflow describes how the proposed architecture is translated into
operational functionalities within the BreCAI platform.

The workflow begins with secure user authentication managed by the Secure
Access Service, enforcing role-based access control and two-factor authentication
via email or phone verification. Authenticated user interactions and diagnostic re-
quests are then orchestrated by the Core Platform Services, which handle patient
data management, permission enforcement, and clinical workflow execu- tion.

Al diagnostic services are activated only after successful subscription val-
idation and secure payment confirmation via the ChargilyPay API, ensuring
controlled, traceable, and auditable use of the Al engine.

Once authorized, the application layer communicates with the deployed deep
learning model through a dedicated Inference API (FastAPI). Uploaded histo-
patho- logical images undergo automated preprocessing and patch extraction
before
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Fig. 3: Al diagnosis interface of the BreCAI platform.

being forwarded for patch-level inference. The model produces probabilistic pre-
dictions for each patch, indicating the likelihood of malignancy.

As illustrated in Figure 3, the diagnosis interface supports patient selection, im-
age upload, automated processing, and result visualization. Real-time progress in-
dicators inform users about the analysis status, while final diagnostic outputs are
presented in a structured and interpretable manner.

Finally, patch-level predictions are aggregated into a structured diagnostic re-
port. This report includes visual annotations highlighting regions of interest accord-
ing to their predicted malignancy probability. An example of the auto- matically
generated report is shown in Figure 4.

5 Experimental Evaluation of BreCAI Platform

This section provides an experimental evaluation of the BreCAI platform, focus-
ing on its reliability, robustness, and practical applicability.
5.1 Evaluation Protocol

This experimental Evaluation was conducted in collaboration with an expe-
rienced Algerian pathologist from a specialized oncology center. Independent his-
topathological slides were used to evaluate the BreCAI platform under real- world
clinical conditions. These data reflect realistic variability in tissue prepara- tion,
staining quality, and acquisition settings commonly encountered in routine pathol-
ogy practice.
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Fig.4: Example of diagnostic report generated by BreCAI

Each slide was digitized at high magnification and processed through the com-
plete BreCAI workflow, including image upload, patch-level analysis, Al in- fer-
ence, and automated report generation. Beyond classification performance, the val-
idation focused on the coherence, interpretability, and clinical relevance of the plat-
form outputs.
5.2 Evaluation Criteria

The platform was evaluated according to the following criteria:

- Diagnostic relevance: consistency between Al predictions and ex-
pert patho- logical assessment.

- Reliability: stability and coherence of results across slides with
varying quality and staining conditions.

- Usability: clarity of the user interface and ease of interaction dur-
ing routine diagnostic tasks.

- Clinical support value: usefulness of Al-generated outputs (pre-
dictions, visual feedback, reports) in assisting diagnostic decision-
making.

- Time efficiency: perceived reduction in analysis time compared to
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conven- tional manual examination.

Overall, this evaluation protocol enables a comprehensive assessment of Bre-
CALI as a clinically oriented Al diagnostic platform, addressing both technical per-
formance and practical usability in real-world pathology settings.

5.3 Results and Discussion

The experimental evaluation was performed on twenty-four (24) histopatholog-
ical slides, enabling an initial comparison between manual diagnosis and the
BreCAl-assisted workflow (Table 2). The BreCAI platform achieved an agree-
ment rate of 87.5% with expert assessment. The remaining cases were associated
with low-quality slides presenting ambiguous histopathological features, which
were also considered diagnostically uncertain by the pathologist.

Table 2: Comparative clinical evaluation of manual diagnosis and BreCAI

Evaluation Criterion Manual Diagno- BreCAI Platform
sis

Diagnostic relevance
Reliability across slides
Usability
Clinical support value
Generalizability -
Time efficiency - v

This comparative analysis was conducted by practicing pathologists. How- ever,
due to the limited number of tested slides, the diagnostic relevance and generaliza-
bility of BreCAI could not be fully established in this study. Despite this limita-
tion, the present evaluation supports the feasibility of BreCAI as a diagnostic sup-
port platform under real-world pathology conditions.

AR NEN
AN N

6 Conclusion and Perspectives

This work introduced BreCAI, a comprehensive Al-powered platform designed
to support breast cancer diagnosis from histopathological images within real clinical
workflows. By combining automated image analysis, secure access management,
visual interpretation of results, and structured report generation, BreCAI pro- vides
an integrated environment that bridges artificial intelligence research and practical
digital pathology.

At the core of the platform, a deep learning—based model adapted from the Effi-
cientNetBO architecture was developed for the automated detection of IDC. The
platform was further assessed through external validation and clinical test- ing on
Algerian histopathological slides, conducted in collaboration with medical experts.
These evaluations confirmed the robustness, stability, and clinical rele- vance of
BreCAI under real-world conditions.

Future work will focus on extending BreCAI to larger and multi-center clin-
ical datasets, transitioning from patch-level analysis to whole-slide image pro-
cessing, and integrating explainability techniques and additional clinical data to further
enhance trust, robustness, and clinical applicability



BreCAI: An Al-Powered Platform for Clinical Decision Support in ... 427

References

10.

11.

12.

13.

. Zarif S, Abdulkader H, Elaraby I, Alharbi A, Elkilani WS, Pl-awiak P (2024)

Using hybrid pre-trained models for breast cancer detection. PLoS ONE 19(1):
€0296912. https://doi.org/10.1371/journal.pone.0296912

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.;
Bray, F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021.
Jiang, Y., Chen, L., Zhang, H., Xiao, X. (2019). Breast cancer histopathological im-
age classification using convolutional neural networks with small SE-ResNet module.
PloS one, 14(3), €0214587. https://doi.org/10.1371/journal.pone.0214587

Wang, X., Ahmad, 1., Javeed, D., Zaidi, S. A., Alotaibi, F. M.,
Ghoneim,M. E., Daradkeh, Y. 1., Asghar, J, Eldin, E. T. (2022).
Intelligent Hybrid Deep Learning Model for Breast Cancer Detection. Electronics,
11(17), 2767. https://doi.org/10.3390/electronics11172767

Roy, S. D., Das, S., Kar, D., Schwenker, F., Sarkar, R. (2021). Computer Aided
Breast Cancer Detection Using Ensembling of Texture and Statistical Image Fea-
tures. Sensors, 21(11), 3628. https://doi.org/10.3390/s21113628

B. H. Segal, T. Giridharan, S. Suzuki, A. N. H. Khan, E. Zsiros, T. R.
Emmons, M. B. Yaffe, A. A. Gankema, M. Hoogeboom, and I. Goetschalckx,
“Neutrophil interactions with T cells, platelets, endothelial cells, and of course tu-
mor cells,” Immunological Reviews, vol. 314, no. 1, pp. 13-35, 2023.
Balasubramanian, A. A., Al-Heejawi, S. M. A., Singh, A., Breggia, A.,
Ah- mad, B., Christman, R., Ryan, S. T., Amal, S. (2024). Ensemble
Deep Learning-Based Image Classification for Breast Cancer Subtype and In-
vasive- ness Diagnosis from Whole Slide Image Histopathology. Cancers, 16(12),
2222 https://doi.org/10.3390/cancers16122222

Chilumukuru NS, Priyadarshini P, Ezunkpe Y, Deep Learning for the Early De-
tection of Invasive Ductal Carcinoma in Histopathological Images: Convolu-
tional Neural Network Approach With Transfer Learning JMIR Form Res
2025;9:€62996, doi: 10.2196/62996

Litjens G, Kooi T, Bejnordi BE, Setio AAA, Ciompi F, Ghafoorian M, et al. A
survey on deep learning in medical image analysis. Med Image Anal. Dec 2017;42:60-
88

Hadjadj, R., Bouramoul, A., Benmerzoug, D. (2025). Deep learning-driven model
for accurate detection of breast cancer from histopathology images: Clinically vali-
dated on Algerian medical data. In Proceedings of the 8th International Conference
on Informatics and Applied Mathematics (IAM 2025). Guelma, Algeria.

Yusuf Celik, Muhammed Talo, Ozal Yildirim, Murat Karabatak, U Rajendra
Acharya, Automated invasive ductal carcinoma detection based using deep transfer
learning with whole-slide images, Pattern Recognition Letters, 2020.

Ouf, M., Abdul-Hamid, Y., Mohammed, A. (2023). An Enhanced Deep Learn-
ing Approach for Breast Cancer Detection in Histopathology Images. In: Proc. 3rd
Int. Conf. on Artificial Intelligence and Computer Vision (AICV 2023), Lecture
Notes on Data Engineering and Communications Technologies, vol. 164,
Springer.

Voon, W., Hum, Y.C., Tee, Y.K. et al. Performance analysis of seven CNNs
with transfer learning for IDC grading in breast histopathological images. Scientific
Re- ports, vol. 12, 2022.



428

14.

15.

18.

20.

21.

22.

23.

R. Hadjadj et al.

Mahbub, H.B., Olowolayemo, A., Omari, S.M. et al. Invasive ductal carci-
noma (IDC) detection in breast histopathology images using enhanced trans-
fer learning of convolutional neural networks. Int. j. inf. tecnol. (2025).
https://doi.org/10.1007/s41870-025-02522-z
Jawad, M.A., Khursheed, F. Histo-fusion: a novel domain specific learning to iden-
tify invasive ductal carcinoma (IDC) from histopathological images. Multimed
Tools Appl 82, 39371-39392 (2023).

. Kanadath, A., Jothi, J.A.A., Urolagin, S. (2024). Enhancing IDC Histopathology

Image Classification: A Comparative Study of Fine-Tuned and Pre-trained
Mod- els. In: Patel, K.K., Santosh, K., Patel, A., Ghosh, A. (eds) Soft Com-
puting and Its Engineering Applications. icSoftComp 2023. Communications in
Computer and Information Science, vol 2031. Springer, Cham.

. Bankhead, P., Loughrey, M.B., Fern'andez, J.A. et al. QuPath: Open source soft-

ware for digital pathology image analysis. Sci Rep 7, 16878 (2017).
https://doi.org/10.1038/s41598-017-17204-5

Rapha“el Mar’ee, Lo"ic Rollus, Benjamin St’evens, Renaud Hoyoux, Gilles
Louppe, R’emy Vandaele, Jean-Michel Begon, Philipp Kainz, Pierre Geurts,
Louis Wehenkel, Collaborative analysis of multi-gigapixel imaging data using Cy-
tomine, Bioinformatics, Volume 32, Issue 9, May 2016, Pages 1395-1401,
https://doi.org/10.1093/bioinformatics/btw013

. Aubreville, M., Bertram, C., Klopfleisch, R., Maier, A. (2018). SlideRunner. In:

Maier, A., Deserno, T., Handels, H., Maier-Hein, K., Palm, C., Tolxdorff, T.
(eds) Bildverarbeitung fiir die Medizin 2018. Informatik aktuell. Springer Vieweg,
Berlin, Heidelberg.

Litjens, G., Bandi, P., Ehteshami Bejnordi, B., Geessink, O., Balkenhol, M.,
Bult, P., Halilovic, A., Hermsen, M., van de Loo, R., Vogels, R,
Manson, Q. F., Stathonikos, N., Baidoshvili, A., van Diest, P., Wauters, C.,
van Dijk, M., van der Laak, J. (2018). 1399 HE-stained sentinel lymph
node sections of breast cancer patients: the CAMELYON dataset. GigaScience,
7(6), giy065. https://doi.org/10.1093/gigascience/giy065

Dequit, A., Nafa, F. (2024). Advancing Early Detection of Breast Cancer: A User-
Friendly Convolutional Neural Network Automation System. BioMedInformatics,
4(2), 992-1005. https://doi.org/10.3390/biomedinformatics4020055

Akhil B S. Breast cancer dataset, 2023. URL
https://www.kaggle.com/datasets/akhilbs/breastcance . Accessed: 2025-06-16.
Mahesh T R, Muskan Gupta, Anupama T A, Vinoth Kumar V, Oana Geman,
Dhilip Kumar V, An XAl-enhanced efficientNetBO framework for precision
brain tumor detection in MRI imaging, Journal of Neuroscience Methods, Vol-
ume 410, 2024, 110227, ISSN 0165-0270,
https://doi.org/10.1016/j.jneumeth.2024.110227.



BreCAI: An Al-Powered Platform for Clinical Decision Support in ... 429

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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