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Supplementary Figure 1: Four cases fail to be correctly estimated for the 2-category
scoring by Al model only. (a) Failed case 1: Predicted IC score = 0.5%, Ground truth
IC score = 1.0%. The average and standard deviation of IC scores on this case from
the pathologists was 1.81%=+1.27% in RS1 and 1.80%=1.40% in RS2. (b) ROI of (a).
Several stained regions were not detected (indicated by red arrows), which could be
the main reason of the underestimated IC score of the Al assisted model. (c) Failed
case 2: Predicted IC score = 1.3%, Ground truth 1C score < 1.0%. The average and
standard deviation of IC scores on this case from the pathologists was 1.84%=1.12%
in RS1 and 2.16%=1.95% in RS2. (d) ROI of (c). From the zoomed-in ROI, the
stained colors of some regions were rather weak (indicated by red arrows). These
over-estimated regions elevated the predicted IC score. (e) Failed case 3: Predicted IC
score = 1.3%, Ground truth IC score < 1.0%. The average and standard deviation of
IC scores on this case from the pathologists was 0.53%=+0.64% in RS1 and
0.57%=).59% in RS2. (f) ROI of (e). The white space region between the detected
necrosis and tumor regions is detected as interstitial region. The stained colors of the
detected IC region in the ROIs are weak. This makes the IC score be over-estimated.
(g) Failed case 4: Predicted IC score = 1.1%, Ground truth IC score < 1.0%. The
average and standard deviation of IC scores on this case from the pathologists was
1.69%=1.19% in RS1 and 1.69%=1.03% in RS2. (h) ROI of (g). Several blue regions
in the zoomed ROI are observed, which could be considered as false over-estimated
stain regions and lead the predicted IC score greater than 1%.
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Supplementary Figure 2: (a)-(b) Example 1: Ground truth 1C=15.0%. (a) without
epithelium/necrotic region detection, 1C=32.2%. (b) with epithelium/necrotic region
detection, 1C=13.9%. (c)-(d) Example 2: Ground truth 1C=15.0%. (c) without
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epithelium/necrotic region detection, 1C=28.6%. (d) with epithelium/necrotic region
detection, 1C=12.9%. (e)-(f) Example 3: Ground truth 1C=12.0%.(e): without
epithelium/necrotic region detection, 1C=21.9%. (f): with epithelium/necrotic region
detection, 1C=11.9%.
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Supplementary Figure 3: Same image patches from the two slide scanners. (a)-(c)
Example 1. (a) image patch from Unic scanner. IC score: Al predicted = 5.1%, ground
truth = 5.0%. (b) image patch from Hamamatsu scanner. (c) image patch after white
balancing from Hamamatsu scanner. IC score: Al predicted = 6.1%, ground truth =
5.0%. (d)-(f) Example 2. (d) image patch from Unic scanner. IC score: Al predicted =
2.2%, ground truth = 2.0%.  (e) image patch from Hamamatsu scanner. (f) image
patch after white balancing from Hamamatsu scanner. IC score: Al predicted = 2.7%,
ground truth = 2.0%. (g)-(i) Example 3. (g) image patch from Unic scanner. IC score:
Al predicted = 0.1%, ground truth = 0.0%. (h) image patch from Hamamatsu scanner.
(i) image patch after white balancing from Hamamatsu scanner. IC score: Al
predicted = 0.3%, ground truth = 0.0%.

Our experiment result shows that even binarizing at 1% IC is not a consistent task.
We add an experiment to evaluate the intra-observer binary score concordance, and
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note that 5.8% of scores (196 out of 3379 scores) are different for the same pathologist
between RS1 and RS2 (see Supplementary Figure A8(a)). This further suggests the
subjectivity of IC scoring. Therefore, even the binary scoring is a much easier job for
pathologists compared to 4-category scoring or continuous scoring, computational

assistance from deep learning still helps.
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Supplementary Figure 4: Statistical of the intra-observer binary score results. (a) The
number of different scoring case between RS1 and RS2 for 2-category IC score. (b)
Intra-pathologist concordances ICC21 for individual pathologist between RS1 and
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RS2 for 2-category IC score. Shadow area indicates the 95% CI. (c) The boxplot of
Intra-pathologist concordances ICC21 for different groups of pathologists between
RS1 and RS2 for 2-category IC score. The center bar of each box represents the
median value, and the box body extends from the 25th to the 75th percentile of values
in one group. Black circles indicate the ICC21 of individual pathologist, and black
diamonds indicate the outliers.

As in Supplementary Figure 9, we calculated the intra-pathologist concordances
between RS1-RS3 and RS2-RS3, respectively. The average ICC21 of RS1-RS3 was
0.756 (95% CI: 0.580-0.845), and the one of RS2-RS3 was 0.784 (95% CI: 0.642-
0.858).
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Supplementary Figure 5: Intra-pathologist concordances ICC21 and 95% CI (shadow
area) for individual pathologist (a) between RS1 and RS3. The average ICC21 is
0.756 (95% CI: 0.580-0.845), and (b) between RS2 and RS3. The average ICC21 is
0.784 (95% CI: 0.642-0.858).
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Supplementary Figure 6: Average IC scores of 20 patients by two pathologists. Three
tiles are selected for each case by two pathologists independently. The I1C score were

the average IC scores from three tiles of the case. The ICC31 of the two pathologists

scoring is 0.967 with 95% CI: 0.92-0.99.
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Supplementary Figure 7: STARD flow diagram of the selection of data in this study.
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RS2.

Tencent precision medicine platform User: test_medic 1
IC scoring system(Research Use Only)

input image Al result

Supplementary Figure 9: Online website for PD-L1 IC scoring system with Al
assisted results in RS3.
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Supplementary Figure 10: Roche examples for (a) aggregated case (IC >=1%) and
(b) scattered case (IC >=1%) (1).

Supplementary Table 1 Scoring accuracy in Ring study.
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