Supplementary Table 1 Comparison of fully supervised approach and weakly supervised approach

Advantage Disadvantage
) High Performance Pixel-level Annotation Needed
Fully Supervised Lack of Interpretability
Slide Level Label Large Dataset Needed
Weakly Supervised |(Pixel-level Annotation Not Needed)
Interpretability




Supplementary Fig.1 Flowchart of the study

Dataset

Biopsy Sample (n=114)

- Oropharyngeal Squamous Cell Carcinoma

- Performed p16 Immunohistochemistry (IHC)
- January 2018 — April 2021

Training

Using whole slide image and p16 IHC status as the labels
- CLAM using whole tissue areas

- Annot-CLAM using annotated tumor area

Validation
- Selection of best magnification and top AUC model

Pathological feature extraction using highly predictive patches
- Pathological reviewing
- CycleGAN

External validation using TCGA dataset
- Validation Annot-CLAM
- RNA-sequence analysis




Supplementary Fig.2 Example of patches for each magnification
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Supplementary Table 2. Comparison of Annot-CLAM model versus review of pathologists

Annot- Observer
CLAM A B c D E F G H Average
Number of correct cases
Total cases 24/30 22/30 20/30 25/30 17/30 22/30 17/30 21/30 22/30 20.75/30
p16 (-) cases 12/15 13/15 11/15 13/15 10/15 15/15 4/15 11/15 13/15 11.25/15
pl6(+) cases 12/15 9/15 9/15 12/15 7/15 7/15 13/15 10/15 9/15 9.5/15
Sensitivity 0.800 0.600 0.600 0.800 0.467 0.467 0.867 0.667 0.600 0.633
Specificity 0.800 0.867 0.733 0.867 0.667 1.000 0.267 0.733 0.867 0.750




Supplementary Table3. Validation result using cases from the TCGA-HNSC dataset

Annotated Tumor Areas

Magnification AUC ACC
0.824
20x 0.874 (14/17cases)

ACC, Accuracy; AUC, area under the receiver operating characteristic curve



Supplementary Fig.3 Examples of highly predictive patches from incorrectly predicted case

x20 magnification

p16 negative (Annot-CLAM positive)

Highly predictive patches  p16 immunohistochemistry
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p16 positive (Annot-CLAM negative)
Highly predictive patches  p16 immunohistochemistry




Supplementary Table 4. Comparison of pathological characteristics

Predictive patches from p16 positive and incorrectly predicted patches

P-value P-value
incorrect _ N e p16 (+) p16 (-)
p16 (+) n=20 p16 (+)n=45  pl6 () n=95 vs incorrect Vs incorrect
pl6(+) pl6(+)
. 87.20 185.13 68.85
Mean Number of Nuclei, n (range) (24.00-178.00) (12.00-459.00) (5.00-216.00) .001 124
. . . 0.75 0.76 0.76
Mean Circularity of Nuclei (range) (0.68-0.83) (0.40-0.88) (0.62-0.88) .654 .536
Mean Maximum caliper of Nuclei, 18.10 15.46 20.64 001 006
pixel (range) (14.31-22.35)  (10.48-21.50) (12.83-31.79) ' '
Mean Minimum caliper of Nuclei, 10.79 9.69 12.82 030 002
pixel (range) (7.86-12.91) (6.13-13.40) (7.86-21.52) ' '
Perinuclear Halo, n (%) negative 2(10.0) 14 (31.1) 21 (22.1) A17 .356
positive 18 (90.0) 31 (68.9) 74 (77.9)
Distinct Nucleous, n (%) negative 12 (60.0) 30 (66.7) 56 (58.9) 779 1.00
positive 8 (40.0) 15 (33.3) 39 (41.1)
Intercellular Bridge, n (%) negative 17 (85.0) 45 (100.0) 58 (61.1) .026 .068
positive 3(15.0) 0( 0.0) 37 (38.9)
Keratin pearl, n (%) negative 19 (95.0) 43(195.6) 87 (91.6) 524 174
positive 1(5.0) 2(4.4) 8(8.4)
Necrosis, n (%) negative 20 (100.0) 45 (100.0) 95 (100) 1.00 1.00




Supplementary Fig.4 Examples of pathological characteristics

Distinct Nucleoli

Intercellular Bridge

Perinuclear Halo
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