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Step 1: Tumor segmentation
The training set contains 4089 patches of 256 x256

pixels at x20 magnification. Each patch is

associated with a binary mask indicating the

pathologist-annotated tumoral area. We train a U-

net model with an ImageNet pre-trained

DenseNet-121 backbone. An examples of tissue

segmentation can be visualized bellow.

Example of tumoral segmentation heatmap. Values bellow 0.5 are 

transparent. In yellow the surrounding of the ground truth obtained from 

pathologists’ annotations. 

Step 2: Cell detection

The training set contains 1647 cell annotated

images of 256 x256 pixels at x20 magnification.

We use cell centroid annotations and define five class

segmentation masks: the background and, for each

cell type, the nuclei and the membrane. We use a U-

net with an ImageNet-pre-trained Resnet-34

backbone, a smaller network to focus on local

patterns. The cell detection network is launched in

tumoral areas detected by the tumor segmentation

network. Only the predicted nuclei classes are used to

obtain the cell positions and count.

Example of cell detection. KI67-positive cells are marked by a green point 

and KI67-negative cells are marked by a red point.

Summary: 

➢ High correlation between ki67 score obtained 

with deep learning analysis and pathologists’ 

estimations.

➢ Tumor segmentation reduces false cell 

detections due to lymphocytes and stromal cells.

Future works: 

➢ Extend 2-step deep learning method to other 

pathologies such as neuroendocrine cancers.

➢ Large scale clinical validation comparing our 

method’s variability to the clinical gold standard.
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This algorithm is composed of two steps both using

U-net models with ImageNet pre-trained encoder. The

first step segments the tumoral region and the second

step segments the KI67 positive and negative cells

inside the detected tumoral area

U-net: deep learning segmentation model [2]

Data

We use a dataset composed of 59 IHC-stained

slides, consisting of ENT and pancreas biopsies

provided by the Gustave Roussy Institute, and breast

biopsies from other medical centers. 224 ROIs were

defined and annotated at a tissue level, 133 of them

were also annotated at a cell level resulting in about

93468 centroid-annotated cells, divided into train,

validation, and test datasets.

Context:

➢ The Ki67 proliferation index is an important tool in

the prognosis of many cancers including breast

and neuroendocrine cancers.

➢ The traditional method via visual assessment is

tedious and suffers from a high inter-observer and

intra-observer variability.

Automatic computation of the KI67 index using

deep learning is a promising solution to reduce

variability.

Challenges:

➢ Contrast variability: Due to the difference of

scanners, sample preparation and image

acquisition process, cells are not equally

differentiable in all slides.

Crops of tumoral areas in four different slides

➢ Cell variability: Most already existing

approaches focus on cell counting in regions of

interest (ROIs) without differentiating tumoral

cells from other cell types. Automatic ki67

scoring in WSI requires to differentiate cells in

the tumoral areas, lymphocytes, and cells in the

stroma.

The Ki-67 indices in 20 tumors (T1 – T20) calculated by 30 

pathologists (O1 – O30) by direct counting in hot spot area [1]

Introduction Experiments & Results

http://www.tribvn-hc.com/
mailto:cbertrand@tribvn-hc.com
mailto:sbenhadj@tribvn-hc.com

