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Pathology in the past…

• A microscope

• A good library – two volumes should do it… 

• What's this ridiculous idea about antibodies?

• Electron microscopy? 



Pathology today
• Microscope 

• Dusty bookshelves full of out of date texts (I bought the last one, 
and the diagnoses haven't changed much…)

• Internet if you're stuck?

• Immunohistochemistry works well...does anyone use electron 
microscopy anymore?

• Better send off a few sections for molecular pathology  – I wonder 
what they do all day? 



Pathology of the Future?

• Digital pathology with computer assisted (AI) diagnosis.

• Immunohistochemistry and image analysis. 

• Next-generation sequencing of panels of gene, exome or WGS 
(complementary diagnostics).

• Proteins, RNA, Metabolome.

• Integrated reporting – LIMS or EPR?

• Diagnosis and predictive measurements to underpin treatment.

• Continuous education…books?



Intuitive, Easy To Use, Automatic











Validation study

• Double reporting by same pathologist

• Glass first digital second

• Minimum 3 week ‘washout’ period

• 3,034 cases - 10,138 scanned slides (2.22 terabytes) 
giving 80% power at ⍺ = 0.05

• Omnyx funded 

• Results showed <2.4% discrepancies (72) 

Snead DR et al. Validation of digital pathology imaging for primary 
histopathological diagnosis. Histopathology 2015 Sep 26. doi: 
10.1111/his.12879.



Stain normalisation

Subramanya SK, Li R, Wang Y, Miyamoto H, Cui F.  Deep learning for histopathological segmentation of smooth muscle in the urinary 
bladder. BMC Med Inform Decis Mak. 2023 Jul 15;23(1):122. PMID: 37454065 



WHO Classification of Tumours



WHO Classification of Tumours Online: tumourclassification.iarc.who.int

https://tumourclassification.iarc.who.int/
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AI tools becoming available 

• Image analysis tools developed 
from 1980s to present day.

• Storage now simple

• Machine learning technologies

• Slide scanning technology 
available!

Siriniukunwattana K, et al. IEEE Transactions 2016.

Detected epithelial, inflammatory and fibroblast nuclei 

are represented as red, green, and yellow dots,



The problem of artefacts…
Or why you still need the pathologist!

Trahearn N, Tsang YW, Cree IA, Snead D, Epstein D, Rajpoot N.  Simultaneous automatic 
scoring and co-registration of hormone receptors in tumor areas in whole slide images of 
breast cancer tissue slides. Cytometry A. 2017; 91(6): 585-594.
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Measuring cellular interaction

Sirinukunwattana K, Snead D, Epstein D, Aftab Z, Mujeeb I, Tsang YW, Cree I, 

Rajpoot N. Novel digital signatures of tissue phenotypes for predicting distant 

metastasis in colorectal cancer. Sci Rep. 2018 Sep 12;8(1):13692. 



What measurements do pathologists need?

• Planimetry – e.g. margins, depth for staging

• Grade 

▪ Proliferation (Mitoses, Ki67)

▪ Nuclear shape characteristics

▪ Architecture (e.g. structure of glands)

▪ Others?

▪ Score for immunohistochemistry – ER, PR, HER2



What measurements might they need?

• Tumour infiltrating lymphocytes (Breast tumours, WHO BB 2019 – prognosis)

• Vascularity – microvessel counts (Uveal melanoma, WHO BB 2018 – prognosis)

• Immunohistochemistry – PDL1, others?

• Co-localization

• Percentage neoplastic cell content

• Lymphovascular and perineural invasion

• Dysplasia scoring

• Diagnostic assistance - e.g. finding abnormalities, or excluding malignancy

• Predictive methods for personalised therapy 

• Prognosis scoring



Rapid translation to practice - lung cancer

Davri A, Birbas E, Kanavos T, Ntritsos G, Giannakeas N, Tzallas AT, Batistatou A. Deep Learning for Lung Cancer Diagnosis, 
Prognosis and Prediction Using Histological and Cytological Images: A Systematic Review. Cancers (Basel). 2023 Aug 
5;15(15):3981. PMID: 37568797



Bladder cancer

Subramanya SK, Li R, Wang Y, Miyamoto H, Cui F.  Deep learning for histopathological segmentation of smooth muscle in the urinary 
bladder. BMC Med Inform Decis Mak. 2023 Jul 15;23(1):122. PMID: 37454065 



Bladder cancer

Subramanya SK, Li R, Wang Y, Miyamoto H, Cui F.  Deep learning for histopathological segmentation of smooth muscle in the urinary 
bladder. BMC Med Inform Decis Mak. 2023 Jul 15;23(1):122. PMID: 37454065 



What is needed for translation?

• Need to ensure studies control sources of uncertainty – particularly pre-
analytical issues.

• Need for sample size calculations and adequate controls.

• Direct comparison with existing technology – ideally a ‘gold standard’  using 
PICO (Population, intervention, comparator, outcome) designs.

• Description of patient sets – what are likely biases?

• Use guidance for publication of results – EQUATOR

• Need for good quality meta-analysis and systematic reviews – PROSPERO, 
PRISMA



Conclusions

• Digital pathology is ready for clinical use and of proven benefit.

• It will produce data to show which diagnostic criteria are robust and reproducible.

• Evidence, rather than opinion, is required for translation: including comparative validation 
studies in multiple centres.

• Study design is key to success.

• Health economic arguments need to be won with data…

• Consensus is not enough – we need systematic reviews and high quality studies to underpin 
guidance.

• Some implementation can occur through the WHO Classification of Tumours.

• Computational pathology is here and ready to disrupt histopathologists’ cosy way of life

• But they won’t have sore necks any more….
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