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Pathologic diagnosis is a central 
determinant of therapeutic decisions.

Pathology
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TCGA:https://portal.gdc.cancer.gov
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TCGA:https://portal.gdc.cancer.gov
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Immunohistochemistry – reference these 
images

http://www.pathologyoutlines.com/stains.html
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Special Stains – reference these images

http://www.pathologyoutlines.com/stains.html
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Emergence of early computational  
approaches in Pathology (1981)

Baak et al. Lancet 1981
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Artificial Neural Nets in 
Quantitative Pathology (1990)

“It is concluded that artificial neural networks, used in conjunction with 
other nonalgorithmic artificial intelligence techniques and traditional 
algorithmic processing, may provide useful software engineering tools 
for the development of systems in quantitative pathology.”
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Emergence of Digital Pathology (2000)
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The emergence of machine learning-based approaches 
for cancer histopathology

Beck ... Koller. Science Translational Medicine 2011
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Extracting a rich quantitative feature set

Beck ... Koller. Science Translational Medicine 2011
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C-Path 5YS Score Significantly Associated with Overall 
Survival on Both Cohorts

Beck ... Koller. Science Translational Medicine 2011
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Even today, the anatomic path lab has been 
largely unchanged for routine diagnostics
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And core technology 
breakthroughs in routine use are 
from the 19th century

Adv Anat Pathol. 2001 Jan;8(1):1-13.

Photomicroscope
Horizontal apparatus with camera, microscope, and light source, 1895.

Histochemical Stains
Developed from combinations of analine and natural dyes 

in the later half of the 19th century
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Discordance among pathologists is common in 
interpretation of breast biopsies

Pathologist Interpretation

Credit: Elmore et al. 
(JAMA 2015)

• Pathologists in individual practice setting

• Overall concordance rate of 75% on breast biopsies.

• Inter-observer concordance rate of only 48% for a 
diagnosis of atypia.

• Intra-observer concordance is only 79% overall and 
53% for atypical lesions

Ref: Jackson SL … Elmore JG. Ann Surg Oncol. 2017 May;24(5):1234-1241.  
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Discordance among pathologists is common in interpretation of 
melanocytic neoplasms on skin biopsies

• 187 pathologists interpreted skin lesion biopsies, resulting in an overall discordance of 45%

• 118 pathologists read the same samples 8 months apart, and had an intraobserver 
discordance of 33%

BMJ 2017;357:j2813 | doi: 10.1136/bmj.j2813
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Discordance rates 
across a broad set of 

specimen types is fairly 
high with little 

improvement over past 
several decades

High Error 
Rates

Arch Pathol Lab Med. 2016 Jan;140(1):29-40. 17
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What does AI mean at PathAI?

• Models which learn how to make decisions and predictions 
by recognizing patterns in data.

• These can be traditional machine learning models or, more 
commonly, deep convolutional neural networks.

Ptumor(I)

The human defines the data, the 
data defines the algorithm. 

Traditionally, the human defines the 
algorithm
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What can AI do for pathology?

• Exhaustive – the model is tireless and is not distracted

• Quantitative – the model is reproducible and objective

• Efficient – massive parallelization for speedy processing

• Exploratory - learn relationships in a purely data-driven 
manner

A (somewhat) practical treatment
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What AI can’t do for pathology

Replace pathologists!
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A diagnosis/detection example:

Breast cancer metastases

• After a primary mass discovered, lymph nodes 
are biopsied

• Pathologists check these for metastases
• Non-zero failure rate: a retrospective study 

found a 24% disagreement rate1

1Vestjens JHMJ, Pepels MJ, de Boer M, et al. Relevant impact of central pathology review on nodal classification in individual breast 
cancer patients. Ann Oncol. 2012;23(10):2561-2566.
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The data - CAMELYON

• H & E stained, Formalin-Fixed 
Paraffin-Embedded (FFPE)
• 270 training slides, 129 test 

• Annotated by a panel
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The data – Whole-Slide Images
• WSIs are large –~20,000-

200,000 pixels on a side 
(“gigapixel”)
• mm-cm imaged at 20x/40x

• Demo – TCGA lung cancer

https://slides.pathai.com/slides/view/97853?x=52788&y=41219&z=0.010
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Approach

• Standard image classification approach needs a twist for WSIs: 
sampling

Ptumor(I)
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Successfully applied deep learning approach to pathology
Our team won the Camelyon challenge in 2016, demonstrating outstanding initial performance in pathology
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Whole Slide Image Training Data

Whole Slide Image Image Patches Tumor Probability Map

Deep Model

Deep Model from Training

Wang, D., Khosla, A., …  Beck, A.H., 2016. Deep learning for identifying metastatic breast cancer. arXiv preprint arXiv:1606.05718.        JAMA. 2017 Dec 12;318(22):2199-2210. 26
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Deep learning model outperforms human pathologists 
in the diagnosis of metastatic cancer

1 n=12

Error Rate (1-AUC)

Deep learning model 0.65%

2 Small tumors

Pathologists on micro-metastasis2 23 – 42%

Pathologists in clinical practice1 13 – 26%

Pathologists in competition 3.5%

References: Wang, Khosla, … Beck  (2016) https://arxiv.org/abs/1606.05718 Camelyon16 (JAMA, 2017)

https://arxiv.org/abs/1606.05718
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Caveats and 
considerations

• Real world data vs. competition 
data

Torralba & Effros, 2011
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Pathology Report

Patient: John Doe
Diagnosis:
Size:

pTNM staging:
# of Pos LN:
# of Neg LN:

Time per slide:
Accuracy:
Reproducibility:

1 – 10 minutes
~85%
Low

Pathology Report

Patient: John Doe
Diagnosis: Met. Cancer
Size: 2.3mm

pTNM staging: pT2N1MX
# of Pos LN: 1
# of Neg LN: 4

Time per slide:
Accuracy:
Reproducibility:

10– 60 seconds
>99.5%
High

Confirm
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Why is this a good application for AI?

• Exhaustive analysis is beneficial
• Large volume

• Local image data necessary and 
sufficient
• Interpretability: Heatmaps & simple 

models provide insight into how the 
patient-level prediction was made
• Required accuracy is high
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A predictive example:

Precision immunotherapy 

• Some cancers 
express immune-
inhibitory ligands, 
activating immune 
“checkpoints”

• “checkpoint 
inhibitors” mask 
these signals, 
unleashing the 
immune system
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A predictive example:

Precision immunotherapy 

• Response rate is low, 
but some fraction of 
patients are 
essentially “cured”

• PD-L1 expression is 
somewhat indicative 
of response
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Manual interpretation of PD-L1 IHC is highly 
variable

Rimm et al. (JAMA Oncol; 2017)

PDL1 manual IHC scores on immune cells are unreliable
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Manual scoring of PD-L1 is variable
…and not always predictive


