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Elliptical Large and round Large and round

AmorphousAmorphous Round (round duct)

Fence like arrangement
right angle to lumen

Nuclei have own yard 
between lumen and duct

Loss of polarity Cobblestoning

Bridges diverge at 
right angle

Densely packed Slightly spread out Spaced out (cribriform pattern-
holes in swiss cheese)
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CCC
Columnar Cell Changes

FEA 
Flat Epithelial Atypia

ADH
Atypical Ductal Hyperplasia

CCC
Columnar Cell Changes

NORMAL FEA
Flat Epithelial Atypia

ADH
Atypical Ductal Hyperplasia

LOW RISK HIGH RISK

Computational pathology pipeline for detecting 
high-risk benign lesions3

CCC vs FEA2 ATYPIA (FEA & ADH) and DCIS vs Benign (Normal & CCC)1
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SEGMENT NUCLEI (MANUAL)

FILTER NUCLEI TO IMPROVE ATYPIA DETECTION

µ 𝜎

NORMAL 0.644 0.175
CCC 0.568 0.179
FEA 0.667 0.152
ADH 0.525 0.174

µ 𝜎

NORMAL 0.647 0.177
CCC 0.565 0.185
FEA 0.678 0.151
ADH 0.512 0.181

µ 𝜎

NORMAL 0.634 0.167
CCC 0.586 0.149
FEA 0.636 0.149
ADH 0.564 0.146

• Preinvasive lesions are associated with a higher risk of cancer, and may require 
additional interventions and treatments

• Diagnostic disagreements are remarkably high for these preinvasive lesions (48-
52% between pathologists and experts for atypia)

• Preinvasive lesions present a more difficult classification scenario than the binary 
classification task of cancer vs no-cancer1

SEGMENT DUCTS (AUTOMATED)

MEASURE ELLIPTICITY AND CIRCULARITY

NORMAL CCC

FEA ADH

KDE

• Automate nuclei segmentation (by-product of duct segmentation work)
• Encode other elements of the shape and orientation vocabulary for nuclei and 

lumen, e.g., picket fence, area, packing density
• Encode additional spatial structure and statistics
• How discriminative are the shape and orientation properties of nuclei and lumen?
• Extend the spectrum of breast lesions with DCIS and Invasive types

RESULTS (WORK IN PROGRESS)
NORMAL 45.55

CCC 13.22
FEA 34.19
ADH 9.03

NORMAL 35.98
CCC 31.30
FEA 28.97
ADH 3.74

NORMAL 44.13
CCC 21.37
FEA 33.10
ADH 1.38

NORMAL 30.98

CCC 46.19
FEA 11.41
ADH 11.41

CLASSIFY NUCLEI

Group Observations Mean Degrees of 
Freedom

p-value 95% Confidence Interval

Lower Upper
FEA 433 0.678

974.33 < 0.0001 -0.134 -0.091CCC 542 0.565
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𝑒𝑙𝑙𝑖𝑝𝑡𝑖𝑐𝑖𝑡𝑦 =
𝑚𝑖𝑛𝑜𝑟 − 𝑎𝑥𝑖𝑠

𝑚𝑎𝑗𝑜𝑟 − 𝑎𝑥𝑖𝑠
𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑟𝑖𝑡𝑦 =

4 𝜋 × 𝐴𝑟𝑒𝑎

𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2


