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Analytical Validation of Ki67/CD8 Duplex IHC Assay Using Computational Tissue Analysis (cTA™)

Staci J. Kearney, Joshua C. Black, Benjamin J. Landis, Sally Koegler, Jenifer Caldara, Karen Ryall, Adora M. Yabut, Jaimielyn A. Burke, Will Paces, Allison S. Harney, Brooke Hirsch, Roberto Gianani

 Abstract
Chromogenic multiplex immunohistochemistry (IHC) assays enable investigation of 
the spatial relationships between tumor cells and immune cells, which are thought 
to be important for understanding and predicting the therapeutic response. The 
development and analytical validation of multiplex IHC assays enables the use of such 
assays to simultaneously investigate multiple biomarkers as predictors of clinical 
response. In this study, we analytically validated a chromogenic duplex IHC assay that 
quantifies Ki67 and CD8 in formalin-fixed, paraffin-embedded non–small cell lung 
cancer tissue samples. Five performance criteria were selected and evaluated based on 
the Clinical and Laboratory Standards Institute guidelines: reportable range, analytical 
sensitivity, analytical specificity, accuracy, and precision. Similar to analytical validation 
studies for monoplex IHC assays, this study utilized a reference method and required 
multiple days of staining. The percentage of cells positive for Ki67 nuclear staining 
and CD8 membrane staining were quantified using our Computational Tissue Analysis 
(cTA™) technology. Performance of the Ki67/CD8 chromogenic duplex IHC assay was 
considered acceptable for the 5 criteria evaluated. 

Once the performance of the assay was established, additional exploratory cTA™-
based end points were examined, including the quantification of each biomarker in 
the tumor compartment and tumor microenvironment (TME) and an analysis of the 
spatial arrangement of immune cells relative to tumor cells. In conclusion, Flagship’s 
cTA™ technology allows for more consistent quantification of individual analytes on 
dual-stained tissue sections, enabling the investigation of complex biological questions 
that cannot be answered with traditional tissue-based manual end points. 

 Analytical Sensitivity, Analytical Specificity, and Reportable Range

Ki67/CD8 IHC Assay cTA™ Markup Ki67/CD8 IHC Assay cTA™ Markup

Analytical Sensitivity 
The algorithm appropriately identified the 
true staining of biomarker-positive cells.

Analytical Sensitivity 
The algorithm appropriately identified a 
true lack of staining in negative cells.
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Reportable Range 
The reportable range for the percentage of Ki67+ cells in the duplex IHC-cTA™ assay was 
approximately 0% to 30% and was 0% to 45% for the percentage of CD8+ cells.

 Accuracy
Three components were used as a bridge to validate the primary end points for the Ki67/CD8 duplex assay:
1. Reference assays: previously validated monoplex assays scored with a manual pathology approach
2. Monoplex assays: monoplex assays (with the corresponding duplex reporter) scored with cTA™-based end 

points
3. Duplex assay: a duplex assay scored with cTA™-based end points

Reference Assay 
(Ki67: DAB; CD8: DAB)

Monoplex Assay 
(Ki67: red; CD8: yellow)

Duplex Assay 
(Ki67: red; CD8: yellow)
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Reference Assay       Monoplex Assay
• The Pearson correlation coefficients (PCCs) between the reference assays and the monoplex assays were 

above the predefined performance specification for both biomarkers (Ki67 = 0.79; CD8 = 0.97).
• The monoplex assays were qualified as an acceptable reference standard for evaluating the duplex assay.

Monoplex Assay       Duplex Assay
A strong correlation between the monoplex and duplex assay results was observed.

CD8 Monoplex to Duplex Correlation

PCC = 0.96

Ki67 Monoplex to Duplex Correlation

PCC = 0.82

The accuracy was considered acceptable.

 Precision
• Intraday precision: staining in 3 equivalent sections in the same run, measured as the percent coefficient of 

variation (%CV)
• Interday precision: staining in equivalent sections stained on 3 separate days, measured as the intraclass 

coefficient (ICC)

The reported median %CVs and ICCs for Ki67 and CD8 met acceptance criteria.

Ki67 Intrarun & Interrun Precision CD8 Intrarun & Interrun Precision

Intrarun median %CV = 12.1%
Interrun ICC = 0.71

Intrarun median %CV = 20%
Interrun ICC = 0.60

 Tissue Compartment Quantification
The use of a cTA™-based scoring approach allows for 
the quantification of biomarker expression individually 
and as dual staining in the tumor and TME tissue 

compartments separately.
• The algorithm automatically separates cells in the tumor 

and TME tissue compartments.
• The cTA™ markup overlays the native image and is a visual 

representation of the data collected.

Ki67/CD8 IHC Assay

Tumor Markup TME Markup

Negative Cell Ki67+ Cell CD8+ Cell Ki67+/CD8+ Cell

 Spatial Arrangement Measurements
cTA™ allows for the precise measurement of the distance between 

immune cells and tumor cells.
• The distance between a CD8+ or Ki67+/CD8+ cell in the TME and the nearest 

Ki67+ tumor cell was measured.
 - The probability density curve (left graph) plots the number of CD8+ cells 

in the TME at a given distance (µm) from the nearest Ki67+ tumor cell.
 - The bar graph (right graph) displays the fraction of CD8+ cells in the TME 

(area under the curve) whose nearest Ki67+ neighbor is within a 25-µm 
radius.

Data were collected for Ki67+/CD8+ TME cells to nearest Ki67+ tumor cell with similar results 
(data shown for 3 samples in graph under “Context-Related Pattern Analysis”).

 Context-Related Pattern Analysis
cTA™-based immune cell to tumor cell distance calculations reveal context-related 

biomarker expression patterns not evident with more traditional end points.

cTA™ Markup: Negative Ki67+/CD8+ CD8+ Ki67+

Ki67/CD8 IHC Assay
(Low Mag)

Ki67/CD8 IHC Assay 
(High Mag)

cTA™ Markup 
(High Mag)

Samples NSCLC 42 and NSCLC 49 display similar percentages of 
positive cells but a different spatial arrangement pattern.

Samples NSCLC 49 and NSCLC 50 display different percentages of 
positive cells but a similar spatial arrangement pattern.
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Displayed data were copied from 
tissue compartment separation 
graphs.

Displayed data were copied from 
the Fraction of CD8+ TME Cells 
graph and extracted from data 
collected for Ki67+/CD8+ cells.

Biomarker Percent Positive by Compartment

Fraction of CD8+ or Ki67+/CD8+ TME Cells 
With Nearest Ki67+ Tumor Cell at 25µm

Ki67+/CD8+ (TME)

CD8+ (TME)

Ki67+ (Tumor)

CD8+ to Ki67+

Ki67+/CD8+ to Ki67+

 Conclusions
The use of a cTA™-based approach allows for 

• Reporting of accurate and precise tissue biomarker measurements with a 
high-complexity staining IHC multiplex assay  

• Quantification of biomarker expression in separate tissue compartments   

• Measurement of spatial arrangements that can reveal context-related 
biomarker expression patterns

Percent Dual Positive by Sample and Compartment

CD8 Percent Positive by Sample and Compartment

Ki67 Percent Positive by Sample and Compartment

Distance of CD8+ TME Cells to Nearest Ki67+ Tumor Cells Fraction of CD8+ TME Cells With Nearest Ki67+ Tumor Cell 
at 25µm


