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Breast Cancer
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Lobules
Ducts
Connective tissue

-Ductal carcinoma in situ,
-Invasive ductal carcinoma,
-Inflammatory breast cancer
-Metastatic breast cancer.

Multifactorial disease
strong interplay between 
genetic and 
environmental factors.



How Common? 
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Breast Health

Supplementing human expertise with an automated 
program means catching more cancers

7Nature 620, 471 (2023)



Current status of Artificial 
intelligence in Breast Cancer 
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Claudio Luchini Et al, “Artificial intelligence in oncology: current applications and future perspectives” 
British Journal of Cancer, vol. 126, pages4–9, 2022.



Screening: breast cancer
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Scott Mayer McKinney et al, “International evaluation of an AI system for breast 
cancer screening,” Nature volume 577, pages89–94 (2020)

The promise of AI in personalized breast cancer screening

Nature Reviews Clinical Oncology volume 21, pages403–404 (2024)

https://www.nature.com/nrclinonc


Early Detection of Breast Cancer
Using Virtual biopsy  
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New types of Breast Cancer Biopsy: 
Breath biopsy
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Breath biopsy of breast cancer using sensor array signals and machine learning analysis, 
Scientific Reports volume 11, Article number: 103 (2021) 



12Scientific Reports volume 13, Article number: 20545 (2023)

https://www.nature.com/srep


Machine learning-based prediction 
of breast cancer growth rate in vivo

13British Journal of Cancer volume 121, pages497–504 (2019)

https://www.nature.com/bjc


Factors
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Artificial intelligence reveals features associated with breast 
cancer neoadjuvant chemotherapy responses from multi-
stain histopathologic images

15npj Precision Oncology volume 7, Article number: 14 (2023)

https://www.nature.com/npjprecisiononcology
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Deep Learning to Improve Breast Cancer 
Detection on Screening Mammograph

18
Scientific Reports volume 9, Article number: 12495 (2019)

https://www.nature.com/srep


Robust artificial intelligence 
tools to predict future cancer
• created a risk-assessment algorithm

19

https://news.mit.edu/2021/robust-artificial-intelligence-tools-predict-future-cancer-
0128



Predicting cancer outcomes with radiomics 
and artificial intelligence in radiology

20
Nature Reviews Clinical Oncology volume 19, pages132–146 (2022)

focusing on hand-crafted 
radiomic approaches and 
deep learning-derived 
representations,

https://www.nature.com/nrclinonc


Classification and diagnostic prediction of breast 
cancer metastasis on clinical data using machine 
learning algorithms

21Scientific Reports volume 13, Article number: 485 (2023)

develop a non-invasive breast cancer classification system for the diagnosis of 
cancer metastases.

Hematological parameters such as ‘hemoglobin content’, ‘red cell’, ‘white blood 
cell’, ‘neutrophils’, ‘lymphocytes’, and ‘monocyte counts’ were extracted from 
the medical records for the selected cancer patients.

https://www.nature.com/srep


Prospective assessment of breast cancer risk from 
multimodal Multiview ultrasound images via clinically 
applicable deep learning

22Nature Biomedical Engineering volume 5, pages522–532 (2021)

https://www.nature.com/natbiomedeng
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AI traces mysterious metastatic 
cancers to their source

25
https://www.nature.com/articles/d41586-024-01110-8

• The 
algorithm 
examines 
images of 
metastatic 
cells to 
identify the 
location of 
the primary 
tumor.



Biomarker Discovery in Breast 
Cancer 
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Deep learning in cancer pathology: 
a new generation of clinical 
biomarkers

27
Amelie Echle, “Deep learning in cancer pathology: a new generation of clinical biomarkers,” British 
Journal of Cancer volume 124, pages686–696 (2021)



Breast 
cancer 
recurrence
There's a 25% chance 
of cancer recurrence. 

28

Journal of Big Data volume 10, 
Article number: 132 (2023)

https://journalofbigdata.springeropen.com/


Breast Cancer Recurrence 
Prediction

Disease Recurrence Prediction

29

The lingering mysteries of metastatic recurrence in breast cancer, British Journal of Cancer volume 
124, pages13–26 (2021)
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Invasive ductal carcinoma Detection

• Early detection of breast cancer and its correct stage determination is 
important for prognosis and rendering appropriate personalized clinical 
treatment to breast cancer patients.

• To differentiate the early and late stages of IDC. The prediction models 
are trained with RNA-seq gene expression profiles.

31

Shikha Roy Et al., Classification models for Invasive Ductal Carcinoma Progression, based on gene 
expression data-trained supervised machine learning, Scientific Reports volume 10, Article number: 4113 
(2020)



Predicting the Risk of Breast 
Cancer 
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Electronics 2023, 12(2), 403;



Analyzing Signaling Pathway for 
therapeutic targets 
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Scientific Reports volume 11, Article number: 385 (2021)

https://www.nature.com/srep


Predicting Mortality and Morbidity
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Nature volume 601, pages623–629 (2022)

https://www.nature.com/


Prediction Breast Cancer  Treatment 
complications

• predict treatment-related 
toxicity related to radiation 
and chemotherapy.

• Improvements have been 
made in the early diagnosis 
of risk groups in oncological 
diseases, in radiology, 
pathology, and imaging 
technologies, in cancer 
staging and management.

• Predict the outcome in 
chemotherapy treatment of 
oncological diseases.

• Decrees side effect of 
combinational therapy

35

Prediction of chemotherapy-related complications in pediatric oncology patients: artificial 
intelligence and machine learning implementations, Pediatric Research (2022) 



predicting treatment response

36

Nature Reviews Clinical 
Oncology volume 19, pages132–146 (2022)

https://www.nature.com/nrclinonc
https://www.nature.com/nrclinonc


Cancer Radiology

• January 2021: Visage Breast Density (Visage Imaging)

• The software application is intended for use with 
compatible full-field digital mammography to aid 
radiologists in the assessment of breast tissue 
composition

37
Claudio Luchini Et al, “Artificial intelligence in oncology: current applications and future perspectives” 
British Journal of Cancer, vol. 126, pages4–9, 2022.



Artificial 
intelligenc
e system 
reduces 
false-
positive 
findings in 
the 
interpretat
ion of 
breast 
ultrasound 
exams

38
Nature Communications volume 12, Article number: 5645 (2021)

https://www.nature.com/ncomms


Machine learning improves prediction of 
clinical outcomes for invasive breast cancers

39Nature Medicine volume 30, pages41–42 (2024)

A prognostic model for invasive 
breast cancer that is based on 
interpretable measurements of 
epithelial, stromal, and immune 
components outperforms 
histologic grading by expert 
pathologists.

https://www.nature.com/nm
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Validation and real-world clinical application of an 
artificial intelligence algorithm for breast cancer 
detection in biopsies

41npj Breast Cancer volume 8, Article number: 129 (2022

https://www.nature.com/npjbcancer


Drug Discovery and Targeted 
Drug Delivery
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Nanomedicine

43

[1] N. Rady Raz, M. R. Akbarzadeh T., "Target Convergence Analysis of Cancer Inspired Swarms for Early Disease 
Diagnosis and Targeted Collective Therapy,"IEEE Transactions on Neural Networks and Learning Systems, 2022.
[2] N. Rady Raz, M. R. Akbarzadeh T., "Swarm-Fuzzy Rule-Based Targeted Nano Delivery Using Bioinspired 
Nanomachines,"IEEE Transactions on NanoBioscience,Vol.18, No.3, pp. 404 - 414, July 2019.
[3] N. Rady Raz, M. R. Akbarzadeh T., M. Tafaghodi, "Bio-Inspired Nanonetworks for Targeted Cancer Drug Delivery,"IEEE 
Transactions on NanoBioscience,Vol.14, No.8, pp. 894-906, Dec. 2015.



44
Scientific Reports volume 10, 
Article number: 4703 (2020)

Self-Propelling 
Targeted 
Magneto-
Nanobots for 
Deep Tumor 
Penetration 
and pH-
Responsive 
Intracellular 
Drug Delivery

https://www.nature.com/srep


clinical trust and adoption of AI 
technology

Fairness Universality Traceability

Usability Robustness Explainability

45

European Journal of Radiology Volume 175, June 2024, 111457



Challenges and Ethical Considerations

46

data privacy, 

interpretability of algorithms, 

potential biases in datasets



Note that !!

• AI may not replace human doctors. 
• Since doctors are trained to not only diagnose and 

treat diseases but also to provide emotional support 
to patients. 
• AI cannot replace the empathy and compassion that 

doctors bring to their work.
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8-AI Medical Application
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• Fairness. AI algorithms should maintain the same 
performance when applied to similar individuals 
(individual fairness) and across subgroups of 
individuals, including under-represented groups 
(group fairness). 
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• Universality. This principle recommends the 
definition and application of (technical, clinical, 
ethical, and regulatory) standards during AI 
development, evaluation, and deployment. This will 
increase the interoperability and applicability of AI 
tools across clinical centers.
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• Traceability. Medical AI algorithms should be 
developed with mechanisms for documenting and 
monitoring the development process, as well as be 
paired with methods to continuously or periodically 
monitor their functioning in the clinical 
environment. 
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• Usability. Medical AI tools should be usable, 
acceptable, and deployable for the real-world end 
users (i.e., physicians, radiologists, and other end 
users). 
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• Robustness. This principle refers to maintaining AI’s 
performance and accuracy when it is applied under 
the highly variable conditions that could be 
encountered in the real world, outside the 
controlled environment of the laboratory where 
the algorithm was built and initially tested. 
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• Explainability. Medical AI algorithms should be able 
to provide meaningful and actionable explanations 
of their predictions to the end users. Explainability 
provides insight into the algorithmic mechanisms 
behind the AI decision-making processes.
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