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1. INTRODUCTION
Immunohistochemistry (IHC) is a cornerstone in diagnostic 
pathology, particularly for cancer detection and classification. It 
enables the visualization and quantification of molecular markers in 
formalin-fixed paraffin-embedded (FFPE) tissue sections using 
antibody-based staining. Traditionally, these assays rely on manual 
scoring by pathologists who evaluate staining intensity and 
distribution patterns visually. Despite its widespread use, this method 
has inherent limitations. It is time-consuming, subjective, and often 
restricted to ordinal data, leading to potential inter-observer variability 
and decreased reproducibility¹. These limitations become particularly 
problematic when attempting to detect subtle changes in biomarker 
expression that may have significant clinical implications².

In recent years, advancements in digital pathology and image analysis 
have prompted the development of computational tools aimed at 
enhancing the accuracy and consistency of IHC evaluations³. One such 
tool is ImageJ, an open-source, Java-based image processing program 
that aids in quantitative immunoscoring, allowing for more objective, 

4reproducible, and scalable analysis of stained tissue images . This 
study investigates the efficacy of an ImageJ-based automated scoring 
method by comparing its results to conventional manual scoring 
performed by experienced oral pathologists. The primary focus is on 
assessing ALDH1A1 expression, a known cancer stem cell marker, in 
cases of oral epithelial dysplasia (OED) and oral squamous cell 
carcinoma (OSCC)⁵. By validating the concordance between 
automated and manual methods, this research aims to support the 
integration of digital tools into routine pathology practice for enhanced 
diagnostic precision and workflow efficiency.

2. MATERIALS AND METHODS
2.1 Case Selection
This study included a total of 72 formalin-fixed, paraffin-embedded 
(FFPE) tissue blocks, histopathologically diagnosed as either oral 
epithelial dysplasia or oral squamous cell carcinoma. The sample 
distribution comprised 12 cases each of mild, moderate, and severe 
epithelial dysplasia, and well, moderately, and poorly differentiated 
OSCC. All cases were selected based on confirmed histological criteria 
and further analysed.

2.2 Immunohistochemistry Protocol
Tissue sections of 4 μm thickness were cut and mounted on poly-L-
lysine-coated slides. Sections were deparaffinized in xylene and 

rehydrated through graded alcohols. Endogenous peroxidase activity 
was blocked using 3% hydrogen peroxide. Antigen retrieval was 
performed using a pressure cooker in citrate buffer (pH 6.0). After 
cooling, slides were incubated overnight at 4°C with rabbit 
monoclonal anti-ALDH1A1 primary antibody (1:400 dilution in 
PBS). Secondary antibody conjugated with horseradish peroxidase 
(HRP) was applied, followed by chromogenic detection using 3,3'-
diaminobenzidine (DAB). Slides were counterstained with 
hematoxylin, dehydrated, and mounted for microscopic evaluation. 
Negative controls were processed in parallel by omitting the primary 
antibody.

2.3 Visual Scoring Method
Two independent oral pathologists evaluated the slides using light 
microscopy. Scoring was based on two parameters - Intensity Score 
and Quantity Score and Immunoreactive Score (IRS). The IRS was 
calculated as the product of intensity and quantity, following this 

6scoring criteria (Table 1):
Table-1: Scoring Criteria for Immunohistochemical Evaluation.

2.4 Image Acquisition and Software Analysis
Representative fields were captured at 10x magnification using a 
Jenoptik ProgResC3 camera-mounted microscope. All images were 
standardized for white balance and color density. JPEG-formatted 
images were processed using ImageJ software bundled with Java 8. 
Image analysis involved thresholding to define positive staining areas, 
from which the software extracted mean intensity, percentage of 
positive area, and derived the IRS(Fig-1) 

Figure 1- IHC Image and the Analysis by the Image J Software
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Quantity Score Intensity Score IRS Score
0 = no positive cells 0 = No colour 0-1 = Negative
1 = < 10% positive cells 1 = Mild 2-3 = Mild
2 = 10-50% positive cells 2 = Moderate 4-8 = Moderate
3 = 51-80% positive cells 3 = Intense 9-12 = Strongly Positive
4 = ≥ 80% positive cells – –
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7Following criteria is used for scoring.  (Table 2)
Table 2: Scoring Criteria for Immunohistochemical Analysis by 
Image J 

3. RESULTS
The comparison between software and manual scoring methods for 
oral epithelial dysplasia (OED) and oral squamous cell carcinoma 
(OSCC) cases showed strong concordance in intensity scores (OED: 
Cohen's Weighted Kappa κ = 1.00, Spearman's rho ρ = 1.00; OSCC: κ = 
0.719, ρ = 0.582; p < 0.001) and moderate agreement for quantity 
(OED: κ = 0.687, ρ = 0.729; OSCC: κ = 0.640, ρ = 0.686) and 
immunoreactive scores (IRS) (OED: κ = 0.637, ρ = 0.639; OSCC: κ = 

80.668, ρ = 0.514) (Graph 1)

Graph 1-Level of Agreement Between Software and Manual 
Method in Quantity, Intensity and Immunoreactive Score. 

4. DISCUSSION
The findings of this study demonstrate strong concordance between 
automated software-based and manual scoring methods for 
immunohistochemical (IHC) evaluation in oral epithelial dysplasia 
(OED) and oral squamous cell carcinoma (OSCC), particularly in 
assessing staining intensity. Moderate agreement was observed for 
both quantity and Immunoreactive Scores (IRS), as pathologists 
perform manual counting of individual cells, whereas the software 
relies on percentage-based estimations. This discrepancy can be 
mitigated by incorporating a variety of plugins, providing scope to 

8enhance the software's analytical capabilities . These noteworthy 
results, in agreement with Smith et al., suggest that either method can 
be chosen based on resource availability without sacrificing accuracy, 

9diagnostic reliability, or reproducibility . The high to moderate 
correlations obtained via Spearman's rho and Cohen's Weighted Kappa 
further support the reliability and consistency of software-based 
quantification compared to traditional manual evaluation. The 
modular nature of platforms like ImageJ allows integration of various 
plugin tools, which can significantly improve scoring accuracy and 

1reproducibility . Such automated systems offer a promising solution to 
the challenges of inter-observer variability often encountered in 

10manual scoring methods .

By integrating automated image analysis, pathology laboratories and 
research institutions can optimize resource utilization, reduce time and 
labour demands, and enhance data reproducibility and objectivity³. 
Nonetheless, this study acknowledges certain limitations, including a 
relatively small sample size and analysis restricted to a single 
biomarker. Future research should aim to validate these findings across 
larger, more heterogeneous cohorts and a wider range of biomarkers. 
As both staining protocols and digital analysis tools continue to 
evolve, periodic re-evaluation of automated methods will be essential 

10to ensure sustained accuracy and clinical relevance .

5. CONCLUSION
Evidence from this study supports the conclusion that automated 
software-based scoring for immunohistochemical analysis in oral 
epithelial dysplasia and oral squamous cell carcinoma shows strong 
agreement with manual evaluation, particularly for intensity scores, 
and moderate agreement for quantity and immunoreactive scores. The 
validated reliability and consistency of the software suggest it is a 
valuable tool that can enhance diagnostic accuracy while optimising 

resources and reducing observer variability. Despite some limitations, 
integrating automated image analysis into routine pathology practice 
holds significant promise.
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Intensity score   Quantity Score IRS Score 
100-130 - 1 Less than 10% - 1 0-1=Negative
130-160 - 2 10- 50 % - 2 2-3=Mild 
160-180 - 3 51- 80 - 3 4-8=Moderate

More than 80- 4 9-12=Strongly Positive 
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