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Abstract

Multiplex Immunohistochemistry (mIHC) is a cost-effective and accessible method for
in situ labeling of multiple protein biomarkers in a tissue sample. By assigning a dif-
ferent stain to each biomarker, it allows the visualization of different types of cells within
the tumor vicinity for downstream analysis. However, to detect different types of stains in
a given mIHC image is a challenging problem, especially when the number of stains is high.
Previous deep-learning-based methods mostly assume full supervision; yet the annotation
can be costly. In this paper, we propose a novel unsupervised stain decomposition method
to detect different stains simultaneously. Our method does not require any supervision, ex-
cept for color samples of different stains. A main technical challenge is that the problem is
underdetermined and can have multiple solutions. To conquer this issue, we propose a novel
inversion regulation technique, which eliminates most undesirable solutions. On a 7-plexed
IHC images dataset, the proposed method achieves high quality stain decomposition results
without human annotation.

Keywords: Color deconvolution, Deep learning, Multiplex, Immunohistochemistry, Un-
supervised.

1. Introduction

Multiplex Immunohistochemistry (mIHC) is a tissue imaging technique that allows simul-
taneous detection of multiple biomarkers in the same tissue section. Multiplex imaging has
become an important tool in diagnostic pathology and cancer immunotherapy. It enables
the study of cell composition, cellular function and cell-cell interactions, not to mention,
allowing a more in depth comprehension and profiling of the tumor microenvironment (Ilié
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Figure 1: An mIHC image and the corresponding unsupervised stain decomposition. Sam-
ples from the different biomarkers are shown. The CD20 sample is from a different
image since it is not present in this view. The yellow staining looks like olive yel-
low because of the interaction with the blue nuclei staining.

et al., 2018; Johnson et al., 2018; Remark et al., 2016; Tan et al., 2020). While there are
various multiplex imaging technologies, brightfield mIHC is a cost effective and accessible
method that can be captured in a single step with traditional brightfield light microscopy.
Moreover, it does not require any special software or visualization tools, making biomarker
research and profiling more accessible (Tan et al., 2020). MIHC offers simultaneous staining
of 5+ biomarkers (Tan et al., 2020; Fassler et al., 2020; Hofman et al., 2019; Dixon et al.,
2015). Unlike more expensive multiplex imaging techniques, e.g., multiplex immunofluores-
cence, mIHC does not offer separate channels for different biomarkers. It rather provides
a single image with all the biomarkers visualized together, see Figure 1 (left). The simul-
taneous staining in mIHC images can offer insights into the tumor microenvironment that
are not obtainable with singly stained IHC images but it still requires much manual ef-
fort to analyze. Visual inspection is both challenging and time consuming for pathologists,
especially with increasing number of stains.

To analyze the images at a large scale, this process needs to be automated. The im-
ages need to be decomposed into individual biomarker maps before any spatial analysis or
quantification can take place (Compare the left- and right-hand sides in Figure 1). To that
end, digital analysis methods are essential to automate the stain unmixing, i.e., extracting
masks corresponding to different biomarkers (Van Herck et al., 2021) to use them for tumor
microenvironment analysis (Fassler et al., 2020).

Color deconvolution is the unmixing of stains into separate stain concentration maps.
Several unsupervised color deconvolution methods (Ruifrok and Johnston, 2001; Vahadane
et al., 2016; Macenko et al., 2009) have been successfully deployed for the analysis of up
to two biomarkers, such as hematoxylin and eosin (H&E). Extending to a larger number of
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