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Several image analysis strategies
can be used for the same purpose
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PPH3 immunostaining
of mitotic figures
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Blue component (1) Excess Red (2) Intensity (3)



;"'i:' < | Different strategies = different results

Quiality control required
for automatic image processing

L TP
Sensitivity =
TP + FN
TN
Specificity =
2 Y TN+ FP




Automatic analysis of the whole slide image

The best answer

to the problem of
tumor tissue

heterogeneity




Stereology can help

PPH3 immunostaining of mitotic figures
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3D to 2D : object profile = object initial dimensio n-1

The basic tool : the test grid




The point counting grid: estimation of the volume fraction

- The grid of frames: estimation of the numerical density
of profiles per unit area



Stereology on VS

a tool for quality control
of automatic image processing



Up to 5000 mitotic figures per VS = Visual control limited to the frames



Point counting less tedious and less imprecise than manual delineation
Delineation impossible on the whole VS




Preliminary experiment as an illustration

Material



Ten breast carcinoma, various types and grades

ScanScope CS (Aperio Technologies) PPH3 immunostaining



Immunostained Markers : Virtual Slide Processing strategy
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- Stereology Software module compatible with the
Aperio’s ImageScope™ slide viewing software.






Image analysis strategy

- Epithelium segmentation : Red component, Low pass filter 7*7, Closing 1,
Adaptive automatic thresholding (range 0-50%)

- Mitotic figure detection : Blue component, Entropy thresholding




Stereology : crude control

- Epithelium : Estimation of the area fraction by reference to the whole lesion

- Mitosis profiles : Estimation of the numerical density per unit area of tumor
Evaluation per unit area of epithelium
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Stereology : refined control

Stereology on the original image and intersection of binary masks = unbiased

TP =283 FN=15 FP=153 TN=381 Se=94.97 Sp=71.35 QF=67.76






Crude comparison for the 10 cases

p <0.01

But...

Case 2: Well differenciated ductal carcinoma
grade |



Case 4: Invasive ductal carcinoma, grade Il Case 6: Invasive ductal carcinoma, grade Il

A refined comparison is mandatory



Elimination of the closing step

Without closing Closing

Case 2: Well differenciated ductal carcinoma,
grade |



Geodesic Reconstruction (images : « without closing » by « closing »)

Sp Reconst. versus Sp without closing p<0.05 . . .
P P dp Case 2: Well differenciated ductal carcinoma, grade |

Case 9: Lobular carcinoma, grade | Case 6: Invasive ductal carcinoma (grade IlI)



Conclusions

- Quality control by Stereology on VS is able to lead to an improvement of the
automatic image analysis strategies

- Quality control must be done before introducing any image analysis tool in
routine practice. Standardization of IA is an important issue in Pathology.

-The various steps of an image analysis protocol must be controlled
(epithelium segmentation done, but mitotic figure detection to be controlled
as well, in this example)

- Crude comparison is not sufficient : compensation of errors happens

- The best method is the method that maximizes Sensitivity and Specificity

- Representative test image series must be used and must be validated by
several experts



