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Automated PD-L1 Scoring for Non-Small Cell Lung Carcinoma Using Open-Source Software
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TABLE 1 | Case demographics.

Category Training set
n Yo

Sex

Female 5 50%

Male 5 50%
Diagnosis

Adenocardnoma, non-mucinous 8 B0%

Squamous cdl carcinoma 1 10%

Non-small cell carcinoma NOS 1 10%
Site

Lung 10 100%

Metastasis to bone 0 0%

Metastasis to brain 0 0%
Procedure

Lobectomy 6 60%

Wedge resection 4 40%

Large resection of metastatic tumor 0] 0%
Image patch area [mm®, median (rangs]] 0.94 [0.16-7 94] MA

Tesling set

n Yo
35 51%
34 49%
58 84%
1 16%

0 0%
66 94%

1 1%

2 3%
45 65%
2 30%

3 A%

0.44 [0.05-4.01] NA

PD-L1 55l (L2 2347 b 4 72 I/ Nl e i 2 AE 1] 2> © 30 D fAFRHY 72 Image patch % iR BILE 7352

O, 7 ¥ ZOVERAE L QuPathiC TRENT 21T 5 72o £ 3 10fERH]. 30D Image patchZ T b L —=

V7 RITo T, EEMIEE Z NS OieE D J 2720, 67HHH T D 72 2 JEREN 7o FEElDs L 1

DOHifacEE X, PD-LIFEH # I3 5 72 ® Dclassifier BMERL X 7z, Z % F Vs TO9RERHI.

1



Yanagawa N.

2071l D Image patch D fEHT 23T A7z, HBONR & LT3N DIRHE L FEBREEZFHHIL . Z D F
il % A ZE D gold standard & L 72, FEILFKI20-100% DM CTiHEl 2 2 28, RYIIZFEEKZ D H D

ODEMEZEH L, XKi32D0Hh T2V — (<1%. 1-49%, and =50%) 12 THETE Nz,

FIGURE 1 | Representative images of PD-L1 stained non-small cell lung carcinomas from (A,B) a case with TPS 1-49% and (C,D) a case with TPS =50% in all
scoring methods (~X200). The unannotated image is shown in (A,C) and QuPath annotations are shown in (B,D). Blue indicates PD-L1 negative tumor cells, red
indicates PD-L1 positive tumor cells and purple indicates background stroma and immune cells.

TABLE 2 | Agreement of automated scores and individual pathologist's manual scores with the average manual score for single image patches.

Threshold Scoring method Concordant with Cohen’s kappa Sensitivity® (%) Specificity® (%)
average manual for agreement
score (n [%]) with average
manual score
(95% CI)
1 QuPath 186/207 (90%) 0.80 (0.71-0.88) 95 84
Pathologist #1 188/207 (91%) 0.82 (0.74-0.89) 83 100
Pathologist #2 191/207 (92%) 0.85 (0.77-0.92) 87 98
Pathologist #3 197/207 (95%) 0.90 (0.84-0.96) 98 92
50 QuPath 191/207 (92%) 0.78 (0.69-0.92) 71 100
Pathologist #1 200/207 (97%) 0.91 (0.85-0.98) 95 97
Pathologist #2 196/207 (95%) 0.87 (0.80-0.95) 98 93
Pathologist #3 201/207 (97%) 0.93 (0.87-0.98) 93 99

“The average manual score was used as the ‘gold standard” for sensitivity and specificity calculations.
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FIGURE 2| Comparison of automated (“QuPath”) and manual (“pathologist”) PD-L1 scores (A) The number ofimage patches in sach PD-L1 TPS category when
using scores from automated or single pathologist scoring compared to average pathologist scores (B,D) Scores for each image patch ordered by the average
pathologist score (C,E) Bland-Altman plots of the difference in scores vs. the mean of scoraes for different scoring methods compared to average pathologist scores. For
each data series, the horizontal lines reprasent two standard deviation above the mean difference, the mean difference, and two standard deviations below the
mean difference. Data for image patches and data for image patches with an average score =5% are shown in (B,G), and those with an average pathologist scors 5%
are shown in (D,E). (D) The proportion of image patches in each PD-L1 scors category according to each scoring method.
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FIGURE 3 | Examples of cases with discordant automated and manual PD-L1 scores. QuPath amotationg (B,D]) are shown to the right of the comagponding
unannotated PD1 stained area, 400-600x magnification (&,C). (AB) Crer-astimation of PD-L1 staining wsing QuPath was contributad to by false positive annotation
of dabris {greenamaow], iflammatory cells {purpleamow) and edgeanifact forange amow]. (C,D) Under-estimation of PD-L1 staining using QuPath was contributed to by
cell arma being undemstimated, such that mambrancus staining fell cutsida of the annotated amea of the call |.
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TABLE 3 | Agreement of automated scores and individual pathologist's manual scores with the average manual score for each patient case

Threshold (%) Scoring method Concordant with Cohen's kappa Sensitivity® (%) Specificity® (%)
average manual for agreement
score (n [%]) with average
manual score
(95% CI)
1 QuPath B64/69 (93%) 0.77 (0.62-0.93) 98 85
Pathologist #1 B3/69 (91%) 0.84 (0.71-0.97) 88 96
Pathologist #2 67/69 (97 %) 094 (0.86-1) 95 100
Pathologist #3 E65/69 (94%) 0.87 (0.76-0.99) 98 B8
50 QuPath B63/69 (91%) 0.76 (0.58-0.94) 68 100
Pathologist #1 68/69 (99%) 0.96 (0.89-1) 95 100
Pathologist #2 67/69 (97 %) 093 (0.83-1) 100 96
Pathologist #3 67/69 (97 %) 0.93 (0.831) 95 98

“The average manual score was used as e ‘gold standard for sensiivity and speciicity caulatons.
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