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Supplementary Table S1. Terms and definitions used in this manuscript.
	Term
	Definition
	Reference

	HER2 IHC status 3+
	Circumferential membrane staining that is complete, intense, and in >10% of tumor cells
	2018 ASCO/CAP1

	HER2 IHC status 2+
	Weak to moderate complete membrane staining observed in >10% of tumor cells
	2018 ASCO/CAP1

	HER2 IHC status 1+
	Incomplete membrane staining that is faint or barely perceptible and within >10% of the invasive tumor cells
	2018 ASCO/CAP1

	HER2 IHC status 0
	No staining observed or incomplete membrane staining that is faint or barely perceptible and within ≤10% of the invasive tumor cells
	2018 ASCO/CAP1

	HER2-positive case
	HER2 IHC status 3+ or HER2 IHC status 2+ and ISH+ 
	2018 ASCO/CAP1

	HER2-low case
	HER2 IHC status 1+ or HER2 IHC status 2+ and ISH− 
	Miglietta et al.2

	HER2 QCS score
	Statistical aggregation of OD and spatial properties of tumor cells in a WSI. Common aggregation methods involve computation of quantiles of the distribution of OD values of tumor cells or of the 
% OD-positive tumor cells
	

	HER2 QCS-positive
case
	HER2 QCS score of a WSI is larger than a predefined cut point
	

	Membrane OD
	Estimation of the amount of DAB and, therefore, HER2 protein on tumor cell membrane using the HSD algorithm for digital WSIs
	

	OD-positive cell
	Tumor cells that shows an average membrane and/or cytoplasm OD larger than a predefined threshold
	



ASCO, American Society of Clinical Oncology; CAP, College of American Pathologists; DAB, 3,3'-diaminobenzidine; HER2, human epidermal growth factor receptor 2; HSD, hue saturation density; IHC, immunohistochemistry; ISH, in situ hybridization; OD, optical density; QCS, quantitative continuous scoring; WSI, whole-slide image.
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Supplementary Figure S1. Kaplan-Meier curves for patient stratification on J101 data set using the stromal TIL densities on (A) the full cohort, (B) the HER2-negative cohort, and (C) the HER2-positive cohort. HER2, human epidermal growth factor receptor 2; sTIL, stromal tumor-infiltrating lymphocyte; TIL, tumor-infiltrating lymphocyte.
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Supplementary Figure S2. Kaplan-Meier curves for patient stratification on J101 data set using the bivariate combination of best HER2 QCS-based features and sTIL densities. Stratification using % OD-positive cells or sTIL density for (A) the full cohort, (B) the HER2-negative cohort, and (C) the HER2-positive cohort. Stratification using bSPS or sTIL density for (D) the full cohort, (E) the HER2-negative cohort, and (F) the HER2-positive cohort. bSPS, binary spatial proximity scores; HER2, human epidermal growth factor receptor 2; Neg, negative; OD, optical density; Pos, positive; 
QCS, quantitative continuous scoring; sTIL, stromal tumor-infiltrating lymphocyte.
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Application of quantitative continuous scoring-based analysis on immuno-oncology–treated (anti–PD-L1–treated) clinical trial data
The pathologist’s visual assessment of tumor proportion score (TPS) on anti–programmed death-ligand 1 (PD-L1)–stained tissue samples is an established method to select patients with metastatic non-small cell lung cancer (NSCLC) who are likely to respond to anti–PD-L1 / PD-L1 monotherapy3. The quantitative continuous scoring (QCS)-based analysis of PD-L1 can redefine the PD-L1 TPS estimation by allowing PD-L1 to be scored in a more objective and quantifiable manner.

By applying the QCS-based image analysis pipeline using4 the epithelial segmentation model, the PD-L1 expression of each tumor cell compartment was estimated by the respective optical density (OD) of 3,3-diaminobenzidine (DAB), and tumor cells with a membrane OD greater than ODthreshold (refers to the OD threshold set to label a cell OD positive) were considered OD positive. A slide comprising a greater percentage of OD-positive tumor cells than a cut-point value was considered QCS positive (see Supplementary Fig. S3). 


Supplementary Figure S3. PD-L1 QCS workflow that takes as an input a whole-slide image acquired from a PD-L1 IHC tissue section (left column), segments the tumor cells to membrane, cytoplasm, and nucleus (middle column), and derives OD-based readouts per cell that are aggregated as histograms (right column). Following cut-point optimization, a PD-L1 QCS-positive case is defined as one in which ≥57% of cells exhibit OD ≥8. IHC, immunohistochemistry; OD, optical density; PD-L1, programmed death-ligand 1; QCS, quantitative continuous scoring.
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The ODthreshold and cut-point parameters were linked to patient overall survival by minimizing the Kaplan-Meier log–rank p values and keeping ≥50% prevalence in the QCS-positive subgroup. A PD-L1 QCS–based analysis (ODthreshold=8, cut point ≥57%) stratifies durvalumab-treated patients with NSCLC at a higher prevalence and with a significant Kaplan-Meier log–rank p value (64%; p=0.0001) for overall survival compared with pathologist TPS (59%; p=0.01) (Supplementary Fig. S4). Median overall survival of 19.2 vs 7.9 months was observed in the QCS-positive vs -negative subgroup, respectively. The box plots (Supplementary Fig. S5A) indicate an overall good agreement (72% concordance) of the fully automated QCS with the pathologist TPS, which quantitatively supports the positive visual assessment of the cell segmentation accuracy. The grouped Kaplan-Meier (Supplementary Fig. S5B shows four arms based on stratification where QCS and pathologist TPS agree/disagree on the category. The survival of discordant cases favors the QCS for patient selection compared with pathologist TPS. 

The novel QCS-based approach provides an objective way of correlating a quantitative estimate of PD-L1 immunohistochemistry (IHC) expression on tumor cells with survival of patients with NSCLC treated with durvalumab in later lines of therapy. An efficacy data-driven definition of PD-L1 tumor cell positivity may identify more patients benefiting from therapy with higher precision. Further validation of the QCS-based approach is needed to correlate with outcomes in the first-line setting and in comparison with other PD-L1 cutoff levels.



2

Supplementary Figure S4. Kaplan-Meier curves for overall survival stratification with (left) manual tumor proportion score (25% cut point) and (right) automated quantitative continuous scoring (57% cut point). 
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Supplementary Figure S5. Subgroup analysis. (A) Box plot indicating % OD-positive cells (OD ≥8) within the PD-L1–high and –low groups per pathologist assessment by TPS. (B) Grouped Kaplan-Meier curves showing stratification where QCS and pathologists agree/disagree on the scoring category. OD, optical density; Path, pathologist; PD-L1, programmed death-ligand 1; QCS, quantitative continuous scoring; TPS, tumor proportion score.
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Optical density computation
The human epidermal growth factor receptor 2 QCS quantifies DAB staining intensity generated by a human epidermal growth factor receptor 2 immunohistochemistry assay in individual cell compartments using the hue saturation density model5. Images are acquired using a red-green-blue color model that comprises 8-bit (256) gray values for each color channel. Using Beer-Lambert’s law, each color channel is converted to density using a logarithm and parameters I0, which are related to physical properties such as sectioning thickness and slide scanner illumination brightness. Based on those log-transformed channels, a color separation using the hue saturation density model estimates the density of the brown color from the DAB dye, which is referred to in the manuscript as the OD. An initial output in the range (0 ... 5.75)5 is converted to the standard red-green-blue grayscale range (0 ... 255) by applying a scaling factor.



Supplementary Figure S6. The hue saturation density model5 estimates 3,3-diaminobenzidine (DAB) staining and, therefore, human epidermal growth factor receptor 2 (HER2) expression in each tumor cell as optical density. HRP, horseradish peroxidase; IHC, immunohistochemistry; RGB, red-green-blue.
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