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Introduction: Automatic high-grade cancer detection on radical prostatectomy (RP) specimens 
can benefit pathological assessment for prognosis and post-surgery treatment decision making. 
There is an unmet need for a system that can automatically detect high-grade tumours on 
whole-slide images (WSIs) of RP sections and validated on a large data set, so as to be 
integrated into the clinical pathology workflow. 
 
Hypothesis: Machine learning based methods can differentiate cancerous from non-cancerous 
and high-grade from low-grade cancerous tissues for automatically finding high-grade tumours 
on WSIs of RP sections. 
 
Methods: 299 mid-gland WSIs were obtained from 71 radical prostatectomy patients. The 
surgically removed prostates were sectioned at 4μm, stained with hematoxylin and eosin (H&E) 
and scanned at 20X (0.5μm/pixel). Computations were conducted independently on 
480μm×480μm regions-of-interest (ROIs) covering each WSI completely. 14 WSIs from 3 
patients were used for system tuning and a the rest 68 patient data set comprising 1,248,503 
480μm×480μm ROIs across 286 WSIs was used for validation. Computation proceeded as 
follows. (1) Finding cancerous regions by classifying cancerous vs non-cancerous ROIs 
throughout each RP section. (2) Classifying cancerous regions as high vs low grade. Three 
grading experiments were conducted: (a) using all Gleason grade 4 (G4) as high-grade 
samples (b) G4 and G5 as high-grade samples, and (c) using any G4/ G5-involved samples as 
high-grade vs. low-grade (G3) using 4 different classifiers: Fisher classifier, logistic classifier, 
support vector machine classifier, and pre-trained AlexNet.  (3) Combining the results from 
steps (1) and (2), where a tumour has to be correctly detected and graded to be considered as 
true positive and true negative respectively. (4) Validating the system against expert-drawn 
contours via leave-one-patient-out cross-validation. All relevant ROIs were used throughout all 
WSIs, and error metrics were calculated on a per-tumour basis, with correct detection of 
high-grade cancer meaning that at least one ROI in the tumour has been correctly detected and 
classified as high grade.  
 
Results: Deep learning using AlexNet yielded the best performance, with an AUC of 0.98 for 
cancer detection and an AUC of 0.92 for high- vs. low-grade cancer classification. For 
high-grade tumour detection, the system had an error rate of 17.5%, a false negative rate of 
18.5%, and a false positive rate of 17.0%. No G5 involved tumor was missed by the system. 
More than 50% of the false negatives were G3+4 tumours with size less than or equal to 0.23 
mm^2, which is negligible compared to Epstein’s 0.2 cm^3  volume threshold for clinical 
significance (corresponding to an area of 34 cm^3). 
 
Discussion: In general, the proposed machine learning based method can find clinical 
significant high-grade tumors on digital histopathology images of RP tissues accurately and 
validated on a large single-center data set.


