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Clinical Problem: While immune infiltrate
analysis predicts clinical response to
immunotherapy, it is difficult to quantify and
qualify immune cells from standard
haematoxylin & eosin (H&E) stained slides.

Neural networks trained on CD45-IHC defined ground truth learn a function
comparable to pathologist-defined TIL counts
1. Training on either Hand-annotated or H&E stained / destained / restained (CD45) TMA cores

Objective: Develop a scalable, automated
method to quantify immune cells in H&Estained breast cancer images.
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Conclusion and Future Work: We
demonstrate a simple approach to train
classifiers to identify TILs from H&E
images. The stain-based approach may be
important in situations where an expert
does not know the visual feature, when
there is ambiguity, or when a large quantity
of training data is required.
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2. Validation: Net predictions vs pathologist ground truth
Validation of Manual Net on hold-out
pathologist ground truth
Predicted Lymphocyte Area

Results: While both nets learned features
that
visually
resemble
TILs,
the
concordance with pathologists is lower for
the CD45 net (R=0.49, p<10-4) than the
manual net (R=0.89, p<10-4), the latter
being trained on pathologist ground truth.
Both nets’ dichotomized TIL scores (ratio of
TILs to total nuclei, high/low) significantly
relate to survival (logrank test), the Manual
Net performed better overall.
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Hypothesis: Restaining H&E stained
tumour tissue by CD45 immunostaining (for
B-, T-cells and macrophages) is a robust
and scalable alternative to obtaining expertannotated ground-truth data for training
algorithms that detect immune cells from
H&E images.
Approach: We used two datasets: one with
pathologist annotations of tumor infiltrating
lymphocytes (TILs), and a second prepared
by staining tissue microarray (TMA) cores:
First H&E, then imaging, H&E destaining,
and CD45 IHC staining for immune cells.
We trained neural networks on each
dataset, measured concordance between
the network output and pathologist ground
truth, and evaluated the ability of each
network to associate immune cells to
survival in a cohort of 352 breast cancer
patients.

U-net architecture used to train CD45 Net and Manual Net

Creating the Ground Truth for the CD45 Net

R=0.89 (p <

10-5)

Pathologist Determined Lymphocyte Area

H&E input

Pathologist
ground truth

CD45 net prediction

Significant but lower correlation between
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pathologist ground truth
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3. Prediction: Survival correlated with TIL area (high vs low) (352 patients: 186 ER+, 117 ER-, 49 ER?)
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Performance summary
CD45 net
Value
Data set
Measure
(95% CI) p-value
0.86
IHC holdout cor(TIL area, TIL score)
< 1E-5
(0.82-0.89)
Manual
0.49
cor(TIL area, TIL score)
< 1E-5
holdout
(0.32-0.62)
Survival, all
Hazard ratio:
1.6
0.004
(n=352)
low vs. high TILs
(1.1-2.2)
Survival, ER+
Hazard ratio:
1.4
0.17
(n=186)
low vs. high TILs
(0.9-2.3)
Survival, ERHazard ratio:
2.0
0.02
(n=117)
low vs. high TILs
(1.1-3.6)

Manual net
Value
(95% CI) p-value
0.36
< 1E-4
(0.19-0.50)
0.89
< 1E-5
(0.75-0.95)
2.0
6E-5
(1.4-2.8)
2.1
0.004
(1.3-3.5)
3.0
2E-4
(1.6-5.5)
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Image count
112
Image width 1000 µm
Magnification
20X
Source

Biomax.us
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100 µm
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