
Development of Novel Automated Grade and Survival Prediction of Breast Cancer Patients Using 
Machine Learning and AI Algorithms Applied to H&E Images in TCGA Dataset  

Marcel Prastawa, Abishek Sainath Madduri, Brandon Veremis, Alexander Shtabsky, Bahram Marami, Jack Zeineh, Michael Joseph Donovan and Gerardo Fernandez
Icahn School of Medicine at Mount Sinai, New York, NY

Background

Methods

Results

Conclusions

This study utilizes TCGA Breast Cancer dataset with 420 patients
(Median age: 58 and Median stage: 2.3) who have conventional
H&E images with one slide per patient. The endpoints of events of
interest were either OS or metastasis.

Multiple deep learning approaches were applied to normalize
staining differences, identify regions of tumor, and characterize
individual cellular attributes like overall gland structure, nuclear
morphology, and mitotic structures.

Challenges in pathology reporting in breast cancer include inter-
pathologist variability and lack of quantitative and standardized
approaches to histologic grading. We developed an automated
multi-network machine learning and AI platform for grading and
evaluated performance against clinical outcome prediction.

The Precise model in training (n=420) selected 9 imaging features
and one clinical variable (stage) to predict events defined as either
death or metastasis, with a performance C-index of 0.85,
[95%CI:0.74-0.88], HR: 11, [95% CI – 5.7-23.8], p<0.00001.

Only two clinical variables including AJCC stage and age at
diagnosis went into the model. Image features were prioritized on
C-index <0.5 or >0.5 which reflects increased or reduced risk of
poor outcome. Only 1 clinical feature (stage) and 9 imaging
features representing nuclear shape, size and number and mitotic
activity were selected.

Our innovative lab-based AI / deep-learning platform produced 
accurate Breast Cancer (BCA) risk models to predict metastasis 
and OS through automated H&E BCA grading.  Future studies 
include a multi-site validation study to confirm these initial 
training results and improve upon the features already 
generated as well as using a test set to validate the results from 
the remaining TCGA samples. 

Figure 1. KM-Curves of Model Performance with all
features
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Feature Name Feature Description C-index
Gland object MST length median Median distance between glands 0.466697
Gland object MST length variation Variability of distance between glands 0.454463

Gland object MST degree Proportion of glands with many near neighbors 0.551201

Nuclear count per gland area Density of nuclei in epithelial areas 0.62483

Nuclear MST length Variability of distance between nuclei in invasive 
tumor 0.443135

Nuclear angle Variability of angles between nuclei in invasive 
epithelium 0.406661

Nuclear elongation Variability of nuclear shape 0.521976
Mitotic count maximum Maximum mitotic count in a defined area 0.457182

Invasive tumor stroma Ratio of tumor stroma over total invasive tumor 0.395786

Stage AJCC pathological stage 0.192456

(f)

(c)

References
1) Donovan, Michael J., et al. "Development and validation of a novel automated Gleason grade and 

molecular profile that define a highly predictive prostate cancer progression algorithm-based 
test." Prostate cancer and prostatic diseases 21.4 (2018): 594.

2) Khan, Faisal M., et al. "Predicting and replacing the pathological Gleason grade with automated gland 
ring morphometric features from immunofluorescent prostate cancer images." Journal of Medical 
Imaging 4.2 (2017): 021103.

3) Aresta, Guilherme, et al. "Bach: Grand challenge on breast cancer histology images." Medical image 
analysis (2019).

Time to event C-index and Kaplan-Meier were used to assess 
accuracy.


