
Abstract
Using immunohistochemistry (IHC) to examine immune infiltrates in tissue 
biopsy samples to support exploratory investigations for immuno-oncology 
drug development is critical for understanding the abundance and spatial 
relationships of different immune cell types and how they may change with 
drug treatment. Multiplex IHC approaches are utilized to examine these types 
of pharmacodynamic responses because of the limited tissue available from 
repeat needle core biopsies and the need to visualize multiple biomarkers 
in the same tissue section. While several different fluorescent multiplexing 
approaches exist, the complexity of these fluorescent assays limits the ability 
to develop and validate bespoke assays to meet the needs of hypothesis-driven 
research, which aims to elucidate predictors of clinical response. Furthermore, 
these methodologies present known challenges for design control processes 
and regulatory approval as companion diagnostics, preventing wide use 
beyond exploratory research settings. 

In contrast, the development and analytical validation of chromogenic IHC 
assays enables an agile and bespoke approach to IHC assay development that 
can support all phases of drug development, including direct translations of 
these methods into companion diagnostic building approaches. Investigating 
multiple biomarkers using chromogenic assays presents its own challenges, 
however, as there is a more limited repertoire of chromogens than fluorophores, 
which have more significant spectral overlap in wavelength absorbance and 
optical density. As such, a multiplex chromogenic IHC assay requires specialized 
performance specifications as well as sophisticated interpretation methods to 
ensure accurate interpretations.  

While these limitations often create too great a challenge for pathologist 
interpretation, computational analysis of tissue using Flagship’s cTA® platform 
resolves these challenges and enables drug developers to rely on chromogenic 
IHC approaches to meet the needs of drug and diagnostic development.

cTA distinguishes the tumor from tumor microenvironment 
(TME) without requiring tumor-specific stains.

Any immune marker is reliably distinguished and quantified in the tumor and 
TME compartments independently across a whole tissue section without 
requiring additional stains like pan-cytokeratin and without altering a typical 
IHC workflow for simplicity and scalability.

Translating IHC Quantification Into Biofeatures Profiles
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CD8/CD68/FoxP3 Triplex: General Immune Profile

•	 Samples show differential CD8+, CD68+, and FoxP3+ infiltrates in the
tumor syncytium and TME.

•	 Little information is captured in dual-positive cells (eg, CD8/FoxP3).

CD8/CD3 Duplex: T-Cell Ratio

•	 Samples show differential CD3+, CD8+, and dual-positive infiltrates in 
the tumor syncytium and TME.

•	 Differential ratios of CD3 versus CD8 and double-positive infiltrates
indicate an immune response.

CD8/Ki67 Duplex: T-Cell Activation

•	 Tumor Ki67 reflects cancer proliferation, whereas dual CD8+/Ki67+ 
infiltrates reflect an immune response.

•	 Key differences in dual CD8+/Ki67+ infiltrates in the tumor and TME
may distinguish immune competency.

CD8/FoxP3 Duplex: T-Cell Suppression

•	 Samples show differential CD8+ but similar FoxP3+ infiltrates in the
tumor syncytium and TME.

•	 Spatial relationships between FoxP3+ and CD8+ cells may capture the
suppression phenotype better.
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cTA Analysis of Multiplexed IHC in Tumor Biopsies
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Multiparametric Immune Response Patient Profile

•	 Plots show degree of similarity 
between tumor and TME values

•	 Key differentials show immune 
phenotype profiles by unique shape

•	 Plots distinguish resistant from
responding immune profiles

Multiparametric cTA profiles can capture 
key immune response phenotypes by:
•	 Utilizing multiplexed IHC images to profile pharmacodynamic changes of immune 

content and context in tumor biopsy samples.
•	 Combining multiple measurements to identify specific immune phenotypes.
•	 Incorporating spatial relationships of different cell types to represent biological 

behaviors of a patient’s tumor that are key for predicting a response.
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