
(a) Representative c-MET–stained slides. A pathologist determined the c-MET status of each slide on the basis of the intensity of IHC staining for the c-MET protein. Intensity of staining across both membrane and cytoplasm 
was used to determine and score the intensity and distribution of expression from 0 to 3+. (b) To train models to predict c-MET status, the data set was split into training, validation, and held-out test sets with similar 
distributions of all c-MET intensity scores. 
IHC, immunohistochemical; val, validation.

• 

analysis
 ̶
c-MET–negative samples (p = 0.017) while no association was observed in the cancer stroma (p = 0.967)
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performance is highlighted in the confusion matrix. (b) Confusion matrix characterizing GNN model’s performance on the held-out test set (c-MET positive: n = 60; c-MET negative: n = 83). This result shows that the majority 

 

Positive

P
os

iti
ve

Negative
10

20

30

40

50

9

53

51

30

N
eg

at
iv

e
Tr

ue
 la

be
l

Predicted label

b
1.0

1.0

0.8

0.8

0.6

0.6

0.4

0.4

0.2

0.2
0.0

0.0

Tr
ue

-p
os

iti
ve

 ra
te

False-positive rate

ROC curve (area = 0.78)

Sensitivity = 0.85
Specificity = 0.64
Accuracy = 0.73

a

a

b

c-MET 0+ c-MET 1+ c-MET 2+ c-MET 3+

0

100

400

500

N
um

be
r o

f s
am

pl
es

<25% ≥25% to <50%

c-MET: Train set

≥50%

665

97
65

200

300

600

0

20

100

140

<25% ≥25% to <50%

c-MET: Val set

≥50%

170

25
16

60

40

80

120

160

0

10

50

70

<25% ≥25% to <50%

c-MET: Test set

≥50%

85

31
2730

20

40

60

80

c-MET status c-MET status c-MET bin

500

0

1000

1500

2000

D
en

si
ty

 o
f l

ym
ph

oc
yt

es
 w

ith
in

ca
nc

er
 e

pi
th

el
iu

m

p = 0.006

Negative Positive
34 47

572/mm² 732/mm²

b  Validation in Held-Out Commercial
    Samples

Cancer Epithelium

2000

4000

6000

8000

10000

12000

D
en

si
ty

 o
f l

ym
ph

oc
yt

es
 w

ith
in

ca
nc

er
-a

ss
oc

ia
te

d 
st

om
a

p = 0.967

Negative Positive
206 143

Cancer-Associated Stroma

1427/mm² 1428/mm²

0

1000

2000

3000

4000

D
en

si
ty

 o
f l

ym
ph

oc
yt

es
 w

ith
in

ca
nc

er
 e

pi
th

el
iu

m

p = 0.017

Negative Positive
206 143

485/mm² 590/mm²Median = 
n = 

Cancer Epithelium

a  Signal Detection in Discovery Data Set From Clinical Samples

0

sets similar to model development.  

(a) Pathologists’ annotations were used to train a CNN model to predict different cell types and tissue regions within the TME. (b) When applied to WSI, predictions from CNN models were used to extract HIF that represent the quantity and spatial 
distribution of cell types and area proportion of tissue types. Statistical modeling was applied to predict the c-MET status on the basis of HIF distribution. (c) A stand-alone GNN model was trained to use CNN model overlays as well as slide-level 
c-MET status label, to predict the c-MET status of the sample.

, human-interpretable features; ML, machine learning; TME, tumor microenvironment; 
WSI, whole-slide images.

• 
 ̶ The resulting area under the receiver operating characteristic curve (AUROC) of 0.58 (accuracy: 0.58) showed that 

c-MET when applied to the test data set
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• c-MET1-3 
• 

dysregulation of its expression leads to cellular proliferation, migration, invasion, angiogenesis, and epithelial-to-
mesenchymal transformation1 

• 

• Currently, pathologist evaluation of immunohisotchemical staining is used to determine c-MET expression in lung 
tissue and identify eligible patients

 ̶
assessment5,6 

• 
alone7; it was hypothesized that a similar approach could be applied to identify c-MET status on the basis of the H&E 
NSCLC tissue samples

the composition of the tumor microenvironment (TME) 

density, when c-MET is overexpressed

These results indicate there is potential to develop and 
validate an H&E-based screening tool for patient selection 
for c-MET–targeting therapies, thereby increasing 

Multivariate regression (MR) based on TME features and 

patients with tumors that overexpressed c-MET; however, 
the performance of the GNN model was stronger
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• 

• c-MET predictive models (MR and GNN) were developed using discovery representative subset of 1,181 H&E-stained 

• 

 ̶
 ̶  

• 
samples and validated on 81 held-out commercial samples

• Previously trained ML models based on CNN8 were applied to WSI to identify and quantify features of the TME 

cancer epithelium, cancer stroma, and necrosis
• 

• A GNN-based model that uses cell and tissue predictions from the CNN as input for graph assembly was also 
developed using 5-fold cross-validation

• 
pathologist-predicted c-MET status using univariate logistic regression. The false-discovery rate was corrected with the 
Benjamini-Hochberg and Empirical Brown’s methods

• 2 and multivariate logistic regression with Elastic 
Net regularization was used to assess their predictive potential for c-MET 


