
ABSTRACT

MATERIALS & METHODS

IMAGE ANALYSIS ALGORITHMS STRATIFY CELL POPULATIONS AND QUANTIFY BIOMARKER EXPRESSION  

LAYERED BIOMARKER QUANTIFICATION AND CELL STRATIFICATION ALGORITHMS APPROVED BY PATHOLOGISTS

MINING TISSUE DATA TO ASSESS BIOMARKER INTERACTIONS WITHIN STRATIFIED CELL POPULATIONS

COMPREHENSIVE IMAGE ANALYSIS OF IMMUNOSTAINED  
NSCLC TISSUES PROVIDES NECESSARY CONTEXT FOR IMMUNE  
ONCOLOGY BIOMARKER PROFILING
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Manual pathology assessments of Immunohistochemistry (IHC) markers in immune  
oncology (IO) is often challenging and results can be highly variable. Measuring biomarker 
presence in IO must take in to account both immune and tumor environments  
and provide contextual information on the interaction between tumor and immune 
biomarker landscapes. Due to the complex nature surrounding tissue biomarker  
interpretation in IO, digital image analysis (IA) solutions have been developed that 
layer complex artificial intelligence (AI) and machine learning algorithms to obtain 
full tissue biomarker profiles necessary for drug development and patient stratification. 

Here, a comprehensive tissue analysis solution is presented in monoplex PD-L1 
and CD8 stained slides that includes precise digital biomarker scoring in tumor 
and stromal compartments, recapitulation of common scoring paradigms, analysis  
of biomarker expression at the tumor/stroma interface (margin), and quantification,  
scoring, and spatial localization of lymphocytes in the tumor and stroma. Aggregation 
of all cellular and biomarker data generates tissue phenotypes that characterize 
the IO landscape of each tissue.

Serial sections of 20 NSCLC samples were IHC stained for PD-L1 and CD8 expression. 
Stained slides were scanned at 20x magnification and analyzed using Flagship 
Biosciences’ image analysis solutions. Image analysis algorithms which quantify  
biomarker expression, separate tumor and stromal compartments, detect tumor/ 
stroma margins, and identify lymphocytes in immunostained tissues were implemented  
in each tissue analyzed. Resulting image markups of cell detection and biomarker 
expression measured by image analysis were reviewed by an MD pathologist  
for acceptance. Tissues not meeting acceptance criteria were re-analyzed until  
acceptable to the reviewing pathologist. Predictor (variable) correlations were calculated 
and reported as Spearman correlation coefficients with associated p-values. Single 
Predictor Linear models were constructed and evaluated in R by isolating each 
response variable in turn and regressing all other predictors on it individually. 

Fig. 2  |  Digital Analysis of CD8 Stained NSCLC Samples. Serial sections of NSCLC tissues previously stained for PD-L1 
were stained according to CD8 IHC protocols. The digital image analysis detected and quantified CD8 on all cells in whole 
tissue sections and in separate tumor, stromal, and tumor/stroma interface compartments. Additionally, lymphocytes detected  
using morphological features were scored for CD8 status and stratified in each separate compartment. CD8 status was 
scored as either negative or positive for CD8, highlighted in markup as blue or red cells respectively.

Fig. 1  |  Digital Analysis of PD-L1 Stained NSCLC Samples. Digital image analysis detected and quantified PD-L1 on all cells in whole tissue sections and in separate 
tumor, stromal, and tumor/stroma interface compartments. Tumor compartment cells were scored using a binning approach, which scores PD-L1 intensities of 0, 
1, 2, and 3+, highlighted in markup respectively as blue, yellow, orange, and red. Additionally, lymphocytes detected using morphological features were scored for 
negative or positive PD-L1 status, highlighted in markup as blue or red cells respectively, and stratified in each separate compartment. Detected lymphocytes in 
the tumor compartment were subtracted from PD-L1 scoring of tumor compartments to provide accurate assessment of tumor cells within the tumor nest.

Fig. 3  |  Full Analytical Workflows Integrate Pathologist Review to Generate Large Tissue Datasets. Serial 
sections of NSCLC tissues stained for PD-L1 and CD8 were methodically analyzed through implementation of  
A algorithms designed to generate further biomarker context with every analytical step. As a QC of image analysis 
data, checkpoints for pathology review are built in to the workflow process at multiple checkpoints: accuracy of cell 
detection, stain thresholding for positivity and binned H-Scores, tumor/stroma separation, and lymphocyte detection. 
Rejection by pathologist review results in algorithm refinement until pathologists can accept the data. Full charac-
terization of tissues generate large per-tissue datasets which go beyond the abilities of manual pathology scoring, 
and generate reproducible, accurate, quantitative endpoints for downstream analysis.

Fig. 4  |  Discovering Biomarker Context in Stratified Cell Populations. 
Biomarker interactions can be assessed in a number of ways. Shown 
here are Spearman correlations, , which are above the p-value 
threshold of significance (p>0.05). In this cohort, PD-L1 and CD8  
expression in tissue compartments are highly and significantly  
correlated. Interestingly, there is a significant negative correlation  
between immune infiltrate and the ratio of CD8 positive lymphocytes 
contained in the tumor, stroma, and tumor/stroma interface. This  
negative correlation suggests immune suppression via CD8 negative  
cells as a surrogate marker of CD4 mediated suppression of cytotoxicity. 

It is thus important to include measures of total immune infiltrate,  
especially in the context of IO biomarkers. The immune landscape  
is often defined as either infiltrated (cytotoxic immune cells within 
the tumor nest), excluded (cytotoxic cells contained within stroma only),  
or ignorant (very little to no cytotoxic expression) based exclusively  
on CD8 positivity.. Portraying CD8 phenotypes not only based on 
positivity, but as a percentage of the total immune infiltrate, gives  
a better understanding of the balance between immune activation 
and immune suppression. 
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RESULTS & CONCLUSIONS
In this study it is demonstrated that integration of methodically implemented image  
analysis algorithms with clinical oversight results in large per-tissue datasets. 
Each successive implementation of cell stratification results in higher complexity  
of the image analysis dataset that can be used to draw conclusions beyond the 
capability of manual pathologist scoring. 

In this study of a limited cohort of 20 NSCLC tissues, we found that PD-L1 and CD8 
expression are positively correlated within each stratified tissue compartment, 
though PD-L1 expression showed no significant correlation with total counts of 
immune infiltrate. Conversely, CD8 expression showed a negative correlation with total 
immune infiltrate as measured by both measures of positivity in the tumor as  
well as CD8 positive percentages of total immune infiltrate. This data suggests 
that a higher presence of CD8- immune cells within the tumor microenvironment  
have an immunosuppressive effect, likely mediated by a higher population of CD4+ 
T cells. It is thus important to consider not only CD8 presence, but CD8 in the  
context of total immune infiltrate, in order to understand inflamed, excluded, or  
ignorant phenotypes within the context of a balanced or imbalanced CD8 ratio.
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Tumor % PD-L1 Positive 0.698 0.611 0.576 0.541 0.683 0.588 0.574 Not Significant Not Significant Not Significant Not Significant

Tumor PD-L1 H-Score 0.694 0.590 0.549 0.514 0.666 0.562 0.548 Not Significant Not Significant Not Significant Not Significant

Tumor Lymphocytes % PD-
L1 Positive 0.719 0.651 0.665 0.587 0.719 0.623 0.616 Not Significant Not Significant Not Significant Not Significant

Stroma % PD-L1 Positive 0.831 0.701 0.779 0.672 0.851 0.708 0.697 Not Significant Not Significant Not Significant Not Significant

Stroma PD-L1 H-Score 0.852 0.713 0.766 0.677 0.859 0.717 0.703 Not Significant Not Significant Not Significant Not Significant

Stromal Lymphocytes % 
PD-L1 Positive 0.760 0.743 0.759 0.696 0.779 0.723 0.726 Not Significant Not Significant Not Significant Not Significant

Interface % PD-L1 Positive 0.776 0.637 0.693 0.599 0.780 0.635 0.622 Not Significant Not Significant Not Significant Not Significant

Interface PD-L1 H-Score 0.787 0.646 0.675 0.602 0.780 0.641 0.626 Not Significant Not Significant Not Significant Not Significant

Interface Lymphocytes % 
PD-L1 Positive 0.772 0.699 0.755 0.661 0.788 0.686 0.684 Not Significant Not Significant Not Significant Not Significant

Whole Tissue Lymphocytes 
% PD-L1 Positive Not Significant Not Significant Not Significant Not Significant Not Significant Not Significant Not Significant Not Significant Not Significant Not Significant Not Significant

Tumor Nest Lymphocyte 
Count Not Significant -0.592 Not Significant -0.559 Not Significant -0.555 -0.580 0.641 0.594 0.726 0.655

Stroma Lymphocyte Count Not Significant -0.495 Not Significant -0.532 Not Significant -0.492 -0.512 0.519 0.736 0.688 0.650

Tumor/Stroma Interface 
Lymphocyte Count Not Significant -0.602 -0.445 -0.615 Not Significant -0.590 -0.614 0.664 0.707 0.753 0.722

Whole Tissue Lymphocyte 
Count Not Significant -0.566 Not Significant -0.579 Not Significant -0.545 -0.576 0.647 0.692 0.752 0.718
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NSCLC 94 PD-L1 1.84 1.79 0.05 0.00 2.00 3.66 2.05 1.96 0.09 0.00 2.00 4.42 2.49 2.36 0.12 0.01 3.00 4.97 CD8 6.14 37.59 8.99 28.89 7.65 31.23

NSCLC 93-2 PD-L1 22.97 21.86 0.97 0.14 24.00 17.32 25.15 23.62 1.37 0.15 27.00 23.76 20.98 19.81 1.01 0.17 22.00 18.47 CD8 1.14 5.18 4.91 13.82 2.28 9.90

NSCLC 78 PD-L1 44.33 42.68 1.48 0.17 46.00 37.40 45.55 41.12 3.95 0.49 50.00 41.98 44.67 42.16 2.22 0.29 47.00 38.55 CD8 5.00 18.31 6.40 10.78 5.15 12.41

NSCLC 76 PD-L1 1.57 1.56 0.01 0.00 2.00 1.40 3.52 3.48 0.04 0.00 4.00 2.18 1.81 1.80 0.01 0.00 2.00 1.52 CD8 3.50 24.33 15.64 40.67 8.85 36.99

NSCLC 58 PD-L1 7.63 7.59 0.04 0.00 8.00 4.70 12.51 12.22 0.26 0.03 13.00 9.15 10.30 10.14 0.14 0.02 10.00 7.85 CD8 4.18 14.47 6.42 12.52 5.29 12.87

NSCLC 125 PD-L1 14.37 13.25 1.02 0.11 16.00 10.57 12.27 10.98 1.08 0.21 14.00 11.68 16.91 15.21 1.48 0.22 19.00 12.21 CD8 7.35 55.28 19.68 56.71 13.67 58.44

NSCLC 123 PD-L1 10.80 10.64 0.15 0.01 11.00 17.29 20.88 20.35 0.50 0.04 21.00 21.37 18.85 18.39 0.42 0.04 19.00 21.10 CD8 2.25 5.53 6.16 14.89 3.86 9.54

NSCLC 122 PD-L1 1.58 1.54 0.04 0.00 2.00 7.23 8.87 7.94 0.83 0.11 10.00 18.57 3.96 3.74 0.20 0.02 4.00 12.19 CD8 5.39 16.82 13.96 22.27 8.50 19.41

NSCLC 120 PD-L1 19.61 19.60 0.01 0.00 20.00 9.32 9.03 8.98 0.05 0.00 9.00 7.42 14.72 14.71 0.01 0.00 15.00 7.77 CD8 15.60 63.33 27.26 65.63 23.68 67.91

NSCLC 117 PD-L1 19.77 19.30 0.44 0.02 20.00 23.83 24.37 22.91 1.32 0.14 26.00 24.62 20.11 19.42 0.62 0.06 21.00 21.55 CD8 7.47 25.55 12.68 21.62 10.09 22.77

NSCLC 119 PD-L1 0.04 0.03 0.00 0.00 0.00 0.04 0.42 0.38 0.04 0.00 0.00 0.30 0.17 0.15 0.02 0.00 0.00 0.11 CD8 0.15 0.38 1.66 2.24 0.70 1.19

NSCLC 115 PD-L1 64.53 50.44 12.17 1.91 81.00 39.19 62.16 44.36 14.53 3.27 83.00 37.36 66.53 48.23 15.40 2.90 88.00 39.64 CD8 5.91 40.36 10.92 37.44 6.63 34.88

NSCLC 112 PD-L1 23.18 22.51 0.65 0.02 24.00 23.03 20.03 18.79 1.10 0.15 21.00 17.88 24.48 23.56 0.87 0.05 25.00 21.46 CD8 3.94 41.33 18.63 45.47 9.63 41.59

NSCLC 111 PD-L1 2.34 2.26 0.07 0.01 2.00 6.03 3.86 3.76 0.09 0.01 4.00 8.81 3.50 3.40 0.09 0.01 4.00 7.74 CD8 5.35 22.77 8.83 16.24 6.24 18.07

NSCLC 106 PD-L1 26.82 26.57 0.22 0.02 27.00 26.38 29.21 25.99 2.75 0.47 33.00 35.91 22.01 21.64 0.34 0.04 22.00 24.10 CD8 0.27 2.65 2.64 7.49 1.01 4.11

NSCLC 102 PD-L1 5.01 4.87 0.13 0.00 5.00 6.53 10.41 10.10 0.30 0.01 11.00 11.39 9.55 9.27 0.27 0.01 10.00 11.11 CD8 0.45 3.50 3.24 7.53 1.55 6.28

NSCLC 101 PD-L1 15.02 14.06 0.82 0.15 16.00 18.73 23.51 21.52 1.74 0.25 26.00 19.43 21.11 18.92 1.84 0.35 24.00 21.07 CD8 3.56 8.77 6.56 12.74 4.86 11.24

NSCLC 98 PD-L1 12.93 11.35 1.32 0.26 15.00 16.32 26.60 22.55 3.60 0.45 31.00 22.18 14.62 12.82 1.54 0.27 17.00 16.17 CD8 6.95 15.17 14.47 19.99 10.17 17.02

NSCLC 97-2 PD-L1 5.66 5.40 0.23 0.02 6.00 5.91 10.10 9.70 0.38 0.03 11.00 11.88 8.14 7.77 0.34 0.03 9.00 8.50 CD8 3.13 21.92 11.59 28.62 6.89 27.30

NSCLC 95 PD-L1 69.29 52.17 14.07 3.05 89.00 50.08 38.65 29.96 6.64 2.05 49.00 36.00 53.65 42.08 9.28 2.29 68.00 39.43 CD8 0.53 3.19 3.40 8.93 1.05 5.06


