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* AI is the intelligence of machines or software, as opposed to 
the intelligence of humans (computational achievement of goals)

* AI is different from existing mathematical methods by the 
added value of learning from the data (self-learning) to 
generate learned outcome and prediction models (big data 

processing and learning to achieve goals)

* The final outcome is called “algorithms”

* AI is fast and can perform certain tasks better than humans. 

*AI technology is widely used in many fields

Supercomputers
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Terms

* AI, machine learning, deep learning (Artificial neural 
network, convolutional neural network), NLP ..etc

* Digital pathology & Computational pathology, 

* Big data mining, data lakes, supercomputers …..etc

* Computer vision, compared to image analysis and 
processing, is a branch of AI, that focuses on learning, 
making inferences and taking actions based on visual 
inputs

https://www.nature.com/labinvest


* AI is increasing used in the healthcare system
Managing healthcare data and other big data

Improving medical diagnosis
Performing robotic medical intervention
Automation and Nature Language processing

* AI applications in medical field attracted more 
attention in recent years by dealing with medical 
images (computer vision): in radiology, pathology, 
ophthalmology, dermatology…etc

* Pathology: Require digitalization of slides (WSI)





AI in pathology (computational pathology)

* Computer technology and AI are already used in many 
areas in pathology: digital dictation (dragon)

* AI algorithms can also be used to facilitate specimen 
pathways, preparation, processing and reporting

* AI suddenly attracted a lot of attention with the use of 
whole slide image technology; Digital Pathology 
(converting WSI to data and then analyse these data and link them 
to diagnosis, behaviour and response to therapy)



Pathology



Pathology

AI applications 
to WSI, outputs 
is back to the 
pathologist and 
integrated into 
the report



Molecular 
make up of 
tumours

Morphology of tumour 
tissue

Myriad of features on the 
slides (WSI)

Refine 
classification

Improve workflow and 
system efficiency

Prediction of 
outcome:
Lesions’ behaviour
& response to therapy

AI

SWI-based AI algorithms



Down regulated genes Up regulated genes





AI can determine molecular marker status including 

hormone receptors and HER2, directly from cellular 

morphology of H&E stained WSI with high precision 



AI tools to improve 

grade assignment



The AI-based image analysis provided the 

following area under the curve values (AUC): 

Normal lesion versus DCIS, 0.9902; 

Normal lesion versus CCL, 0.9786; and UDH 

versus DCIS, 1.000. 

Using 240 samples, the findings suggest that 

machine learning methods are potentially 

suitable as diagnostic support systems in 

differentiating challenging preinvasive lesions of 

the breast.







Development of a Prognostic Algorithm for Breast Cancer (BRACE)

£14m grant to develop a reliable AI-based tool to predict the risk of distant metastasis 
and breast cancer (BC) related death in the indeterminate luminal BC risk group 
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A large cohort (n=2,400) was selected from a cohort of 9,500 BC cases. 

Study Cohort

• ER+ HER2- LN negative 

& LN + (1-3)

• Hormone therapy

• Detailed clinic-

pathological parameters

• Long term follow up 
data (10 years DMFS 
and 10 and 15 years 
BCSS)

Inclusion Criteria
• Neoadjuvant therapy,

• Advanced /metastatic 

BC

• HER2+, TNBC, patients 

• Stage 3 LN (>3 positive 

nodes)

• chemotherapy (or any 

other systemic therapy) 

Exclusion Criteria
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Results and outcomes

High correlation with Oncotype Dx data with high sensitivity and specificity 

Oncotype DX 
score

AI based score

Sensitivity Specificity PPV NPV Diagnostic 
Accuracy  

80% 80% 67% 89% 81%

Discovery Set

High

Intermediate

low

C index: 0.70 P<0.001

High

Intermediate

low

C index: 0.73 P<0.001

Internal test set

High

Intermediate

low

C index: 0.68 P=0.004

External test set

Annual BC related death hazards predicted by the AI risk score

Variables Hazard Ratio 95% CI P value

Low AI risk score
Intermediate AI risk score
High AI risk score

1
2.2
3.2

1.5 - 3.3
1.9 - 5.1

<0.001

Grade 1
Grade 2
Grade 3

1
1.5
2.3

0.8 - 2.8
1.2 - 4.46

0.02

Lymphvascular invasion 1.8 1.3 - 2.7 0.001

Lymph node metastasis 1.9 1.4 - 2.7 <0.001

Tumour size 1.1 0.9 - 1.3 0.3

Multivariate cox regression analysis





Pathology: Applications

1-Streamline of the workflow

2-Diagnostic applications

3-Prognosis and prediction

4-Other applications: 

Precision medicine



AI in (Breast) Pathology: Applications
Streamline of the workflow

- Can help in distribution and prioritisation of cases

- Automatic QC of cases (stain quality and tissue representations)

- Tumour detection AI: Automatic request of extra-tests in time (before 

reporting), e.g., ER, PR and HER2, +/- PDL1, Ki67 and E-cadherin

- Automatic coding of biopsies (B1 to B5) / provide initial diagnosis

- Automatic quantification of IHC markers, TILs and histological grade



- Report normal cases such as prophylactic mastectomies, reductions specimens and 

re-excision specimens 

- Report of lymph nodes (highlight suspicious nodes for review)

- Primary or secondary reporting of certain lesions such fibroadenoma, papilloma, 

RS/CSL, tumour grade, type….etc (at least as “second opinion”)

- Reduce time of reporting by heightening certain features such as vascular invasion, 

and distance to margins

- Provide an automated report allowing that time to be spent on more important cases

AI in Pathology: Applications
Diagnostic applications:



- In challenging cases: provide list of differential diagnosis, suggest further 

tests and reported subjectivity of such a diagnosis and the reported need 

of second opinion

- Provide “second opinion” diagnosis to improve accuracy (Diagnostic WSI 

banks)

- Improve diagnostic QA in pathology by diagnostic audits and secondary reporting

- Decision support tools in  histopathology 

AI in Pathology: Applications
Improve quality and accuracy of pathology diagnosis



AI in Pathology: Applications
Prognostic and Predictive Applications

- Objective assessment of prognostic morphological features such as grade

- Identify myriads of tumour morphological features and link them to 

outcome and response to therapy to provide cost-efficient image-based 

prognostic and predictive assays

- Identify and translate tumour morphological features linked to underlying 

molecular features to provide surrogate assays to the expensive multigene 

tests



AI in Breast Pathology: Applications
Prognostic and Predictive Applications

* AI can link 

- image-based data of primary tumour morphological features such as tumour 

type,  grade, architecture, and size and tumour microenvironment 

- Receptors, and IHC data 

- Possibility Omics and imaging data if available to provide more 

comprehensive model for an accurate prediction of outcome and response to 

therapy

* Identify high risk patients for monitoring and for further genetic testing  



AI in Breast Pathology: Challenges
* Performance of AI algorithms in clinical setting (quality measures, degree of 

validation, performance in rare and complex cases): Actual Clinical Utility

* Scientific and regulatory issues & Level of adoption of DP in the clinical 

setting 

* Integration of AI algorithms in the routine reporting workflow 

* User satisfaction (pathologists’ perception, confidence, real-time saving)

* Costs-benefits of AI algorithms and added value to patients, NHS and 

pathologists   



Will there still be a need for breast pathologists in the future?

AI will not replace the expertise and experience of pathologists, rather

- provide data and insights beyond traditional microscopy, or DP only

- facilitate the work of the pathologist by automation and algorithms

- Save pathologists’ time to focus on challenging cases

- Can provide prognostic and predictive information to replace expensive 

multigene tests

- Improve accuracy and precision pathology (secondary diagnosis, double reporting, audits…etc)

AI and computational pathology will assist rather than replace the pathologist



Any questions?


