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Figure S1: Kaplan Meier plots showing the true stratification into (A) Ipilimumab responders
(green, n=12) versus non-responders (blue, n=19), and (B) four different response categories
(1) complete response (blue, n=11), (2) partial response (green, n=1), (3) stable disease (red,
n=4), and (4) progressing disease (yellow, n=15), where (1) and (2) represent the group of
responders, while (3) and (4) represent non-responders.



Figure S2: Examples of brown phenotypes: (A) CD3+ region, (B) melanin region.



Figure S3: lllustration of automatic patch generation. (A) CD3 section with CD3 segmentation overlaid, (B) CD3 section with FoxP3 segmentation
overlaid, (C) zoomed region (red dashed box in A), raw CD3 image with CD3+ region top-left and melanin region bottom-right, (D) zoomed region
CD3 segmentation, (E) zoomed region FoxP3 segmentation. Overlays: (green) IHC-positive, (orange) IHC-negative, (blue) artifact.
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Figure S4: Example data augmentation for a patch of class non-specific stain (original patch:
top left corner)



Feature Box plot (A) Kaplan-Meier plot with (B) Kaplan-Meier plot with
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Figure S5: Box plots and Kaplan-Meier plots for basic cut point analysis without cross
validation for selected features for IPI response prediction. (A) Median feature values as cut

points, (B) optimized cut points.
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Classification Methods

Figure S6: Evaluation of multi-variate models using the Monte Carlo cross validation (M=50)
regarding their performance for predicting the duration of survival (short-term: <=12 months,
long-term: >12 months). Only the best-performing models are included (see main manuscript
Figure 11): (3) decision tree (0=2, Smin=5, Imin=3), (4) decision tree (d=2, Smin=5, Imin=5), (5)
decision tree (d=2, smin=5, Imin=5), information gain measure: cross entropy, (7) decision tree
(d=3, smin=5, Imin=3), (13) logistic regression, 5 features.



Supplemental Tables

T-test 2 3 4 5 6
1 0.9514 0.0008257 3.64e-21 3.69e-16 9.48e-08
2 0.002238 4.69e-19 1.20e-14 1.48e-07
3 5.43e-13 9.68e-09 7.62e-12
4 0.09382 4.50e-22
5 5.80e-20
MW -test 2 3 4 5 6
1 0.7493 0.0002436 1.97e-15 2.47e-13 1.93e-07
2 0.001721 7.57e-15 1.91e-12 2.42e-07
3 2.04e-11 2.96e-08 8.63e-11
4 0.1064 4.95e-16
5 3.87e-15

Table S1: Statistical tests for comparison of feature selection methods for IPI response
prediction. Top: Two-sided t-test, bottom: Mann-Whitney test. The p-values in the shaded
cells correspond to the finally selected best approach (4) 10-times 8-fold cross validation.




T-test 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 5.82e-07 | 0.02154 | 4.64e-06 | 0.00019 0.5283 0.3943 0.1152 | 1.23e-06 | 1.55e-15 | 8.54e-12 | 6.29e-14 | 0.02165 | 7.13e-10 | 1.41e-06
2 1.14e-13 | 8.78e-20 | 2.53e-17 | 4.26e-07 | 6.40e-05 | 0.00106 0.3288 | 2.00e-08 | 0.00044 | 2.91e-06 | 0.00258 | 0.04066 0.8734

3 0.00630 | 0.08714 | 0.00113 | 0.00210 | 0.00015 | 3.80e-11 | 1.80e-19 | 3.55e-17 | 9.89e-19 | 2.08e-06 | 1.98e-16 | 5.06e-13
4 0.298 1.31e-08 | 2.32e-07 | 6.99e-09 | 1.28e-15 | 5.38e-23 | 8.40e-22 | 7.31e-23 | 1.04e-11 | 5.49e-22 | 4.71e-19
5 1.69e-06 | 1.10e-05 | 4.33e-07 | 7.14e-14 | 1.13e-21 | 5.18e-20 | 2.76e-21 | 1.55e-09 | 8.78e-20 | 1.24e-16
6 0.737 0.2549 | 2.30e-06 | 3.01e-15 | 7.59e-12 | 7.23e-14 | 0.05379 | 3.45e-10 | 1.29e-06
7 0.4794 | 4.50e-05 | 8.66e-14 | 1.07e-09 | 6.41e-12 | 0.1811 1.33e-07 | 0.00013
8 0.00047 | 1.47e-12 | 2.45e-08 | 1.40e-10 | 0.5649 | 3.31e-06 | 0.00185
9 9.22e-06 | 0.03261 | 0.00089 | 0.00119 0.4876 0.2775

10 0.00563 0.1428 | 2.78e-12 | 1.73e-05 | 1.48e-08
11 0.1644 | 4.06e-08 | 0.08333 | 0.00033
12 2.20e-10 | 0.00203 | 2.16e-06
13 5.69e-06 | 0.00467
14 0.03106

MW-test 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 3.06e-06 | 0.03376 | 2.04e-05 | 0.00041 0.6267 0.4938 0.1672 | 8.05e-06 | 3.25e-13 | 4.09e-10 | 1.79e-11 | 0.05483 | 1.36e-08 | 6.17e-06
2 2.58e-11 | 1.55e-14 | 1.92e-13 | 1.02e-06 | 7.05e-05 | 0.00081 0.4581 7.77e-08 | 0.00058 | 1.57e-05 | 0.00138 | 0.03665 0.9206

3 0.00692 | 0.07626 | 0.00192 | 0.00590 | 0.00027 | 8.55e-10 | 8.60e-16 | 8.70e-14 | 8.74e-15 | 6.86e-06 | 7.86e-13 | 4.60e-11
4 0.3141 9.39e-08 | 9.97e-07 | 4.37e-08 | 4.66e-13 | 5.81e-17 | 9.84e-16 | 2.22e-16 | 2.80e-10 | 2.77e-15 | 3.62e-14
5 3.71e-06 | 2.93e-05 | 1.30e-06 | 6.63e-12 | 1.50e-16 | 6.15e-15 | 8.88e-16 | 1.16e-08 | 2.04e-14 | 4.53e-13
6 0.9354 0.3048 | 1.21e-05 | 1.30e-13 | 2.97e-10 | 8.33e-12 0.107 5.68e-09 | 1.91e-06
7 0.408 8.09e-05 | 6.76e-12 | 6.48e-09 | 2.88e-10 0.14 3.96e-07 | 9.78e-05
8 0.00092 | 4.23e-11 | 1.12e-07 | 2.99e-09 | 0.6139 | 5.15e-06 | 0.00107
9 2.94e-05 | 0.03552 | 0.00163 | 0.00239 0.3929 0.4195

10 0.01356 0.2233 | 4.37e-11 | 6.91e-05 | 6.42e-08
11 0.1999 | 2.89e-07 | 0.1135 0.00057
12 4.42e-09 | 0.00570 | 1.31e-05
13 9.83e-06 | 0.00173
14 0.03075

Table S2: Statistical tests for comparison of multi-variate models for IP| response prediction. Top: Two-sided t-test, bottom: Mann-Whitney test.
The p-values in the shaded cells correspond to the finally selected best approach (4) CART (depth=2, splitmin=5, leafmin=5, information gain=gini).




T-test 4 5 7 8 13
3 0.0131 0.0002 0.0560 2.77e-05 4.33e-11
4 7.27e-09 0.4128 3.04e-11 1.23e-16
5 4.29¢-08 0.9347 0.0013
7 1.22e-10 6.46e-16
8 0.0002
MW -test 4 5 7 8 13
3 0.0232 0.0002 0.1160 0.0002 5.82e-10
4 5.78e-08 0.3641 8.59¢-09 1.81e-13
5 2.33e-07 0.3372 0.0022
7 3.44e-08 2.20e-13
8 2.95¢-05

Table S3: Statistical tests for comparison of different multi-variate models for predicting the
duration of survival. Top: Two-sided t-test, bottom: Mann-Whitney test. (3) decision tree (d=2,
Smin=5, Inin=3), (4) decision tree (d=2, smin=5, Imin=5), (5) decision tree (d=2, Smin=5, Imin=5),
information gain measure: cross entropy, (7) decision tree (0=3, smin=5, Inin=3), (13) logistic
regression, 5 features.
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Supplemental Code

Flow Chart Symbols
Begin / end

Input / output

Assignment of value / action

Decision

Begin of repetition (loop)

Subroutine

SR

Direction of processing
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2.5.1. Automatic training data generation

Slide stained for CD3 Slide stained for FoxP3
Cell nucleus Image co-registration Cell nucleus
segmentation [1, 3] [2, 3] segmentation [1, 3]

!

Compute co-registered coordinates for all
segmented objects w.r.t. CD3
(using transformation parameters) and
combine segmentation results

v

Identify regions R¢ps, With
IHC+ cells (CD3) / Brown objects (FoxP3)

!

Identify regions Ryejanin With
Brown objects (FoxP3) / IHC+ cells (CD3)

l

Identify regions Rygnspec With

Intensity(IHC+ cells (CD3)) < threshold

I

For each region R,

C € {CD3+, Melanin, NonSpec} <
do
FALSE
Rc exists >
TRUE
Extract training patches (80x80 pixels?) for

class C by systematic sampling on R¢

/ Training patches for classes

/ C € {CD3+, Melanin, NonSpec}

L

Visual inspection and exclusion of
mislabelled patches

v

Approved training patches for classes
C € {CD3+, Melanin, NonSpec}

For underrepresented classes U with \

#patches, < max(#patches¢) do -

v

Augmentation of patches:
¢ Rotation with angles 90°, 180°, 270°
* Intensity transformations

!

Draw n = max(#patches)- #patches,
random samples from augmented patches

/= Balanced training data set

End



