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Abstract 

Objective: The aim of this research was to evaluate the degree of agreement among three separate pathologists by 

employing an H-score method to evaluate the presence of HIF2α (hypoxic-inducible factor-2 alpha) in cases of 

oral squamous cell carcinoma (OSCC). 

Methods: H-scores acquired from immunohistochemistry for HIF2α were converted into nominal data (positive 

or negative) using a predetermined cutoff. Among the 70 samples of OSCC, the expression of HIF2α was 

independently analysed by three pathologists. Fleiss' kappa value was used to assess the level of agreement among 

the raters. 

Results: A Fleiss' kappa coefficient for inter-observer agreement of 0.630 (p < 0.05) showed that the pathologists' 

agreement in identifying HIF2α expression was much greater than chance. 

Conclusion: According to our findings, pathologists' evaluations of HIF2α expression in OSCC using an H-scoring 

method demonstrate a significant degree of agreement. These results show that Fleiss' kappa is a useful agreement 

statistic for investigations involving multiple raters and categorical data. 

 

INTRODUCTION 

Oral squamous cell carcinoma (OSCC) arises on the oral cavity's mucosal epithelium. It affects swallowing, 

appearance, pronunciation, and taste perception and is responsible for around 90% of oral cancers. 377,713 OSCC 

cases were recorded worldwide in 2020. In addition to an increase in mortality, the Global Cancer Observatory 

(GCO) projects that by 2040, the incidence of OSCC will increase by almost 40%1. Oral squamous cell carcinoma 

(OSCC) is a major cause of mortality and a significant health issue. The source of the condition can be traced 

back to the mucosal epithelium lining the oral cavity, throat, and larynx2. OSCC is a widespread malignancy 

affecting the head and neck region, which has exhibited an increasing incidence in several countries, notably 

among the younger population3. The prevalence of OSCC varies with different countries but it has typically been 

linked to either excessive alcohol use, exposure to carcinogens produced from tobacco, or both2, 4. Compared to 

other sub-sites such as the floor of mouth, gingivae, and retro molar trigone, tongue is the most frequently 

occurring site and is linked to a greater death rate5-7. 

Oral squamous cell carcinoma (OSCC) accounted for 890,000 new cases and 450,000 deaths in 2018, making it 

the sixth most frequent cancer globally8, 9. According to the Global Cancer Observatory (GLOBOCAN), the 

incidence of cancer will have risen by 30% by 2030, translating into 1.08 million new cases annually10, 11. The 

risk of having OSCC is often two to four times higher in men than in women7. It is still unknown what molecular 

characteristics and environmental elements contributed to the early formation of OSCC. Research has focused on 

how alcohol and tobacco use may contribute to the early development of OSCC12. In a study chewing areca nut 

products, such as "betel quid," is linked to oral cavity cancer in populations of Asia-Pacific. The term refers to a 
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range of modified mixtures that include areca nut (Areca catechu, the carcinogen source), betel leaf (the leaf of 

Piper betle), slaked lime, tobacco, and/or spices in accordance with local custom13, 14. 

The management of OSCC depends on the stage and histological grade of the disease, either surgical excision, 

with or without adjuvant therapy (such as radiotherapy or chemo radiotherapy) is typically used for treatment15. 

Features such as differentiation, growth pattern, invasion depth, margins status, vascular invasion or neural 

invasion, involvement of bone, status of lymph nodes involved, metastasis, extension of the tumor outside, and 

TNM stage will determine the indication for adjuvant treatment. These features are detailed in the standardized 

histopathology report of the resection16.  

Under normal oxygen levels, HIF-2α, which is a component of the HIF family responsible for sensing oxygen, is 

constantly produced and degraded by proline hydroxylases and Factor-inhibiting hypoxia inducible factor (FIH)17. 

Cells are often hypoxic within the tumor microenvironment. Angiogenesis, glycolysis, erythropoiesis, and 

eventual cancer growth are all mediated by genes whose overexpression is the homeostatic adaptation to this 

challenge. In a rapidly growing tumor, hypoxic areas are frequently formed18, 19.  

This happens when the tumour mass doesn't receive enough blood due to constant growth, hence leading to 

activation of HIF family of transcription factors which in turn plays a major role in mediating the cellular response 

to hypoxia20, 21. The presence of HIF-2α in different non vascular locations like kidney, sympathetic nervous 

system and liver indicates a link between HIF-2α and systems sensitive to hypoxia, such as nerves and blood 

vessels. Furthermore, increased angiogenesis and hypoxia sensitivity in tumors is often associated with elevated 

HIF-2α levels20. 

Tumor hypoxia causes resistance to conventional cancer treatments, including radiation and chemotherapy. 

Therefore the current gold standard for HIF-targeting cancer therapies is immunotherapy combined with targeted 

treatment22.  

The current study was done to examine HIF-2α expression in OSCC patients through immunohistochemistry. 

Thus this article aims to evaluate the degree of agreement between different observers/pathologists in classifying 

the expression of HIF2α in OSCC samples using H-score values23. Results were interpreted according to the 

categories that were proposed by Fleiss for the interpretation of the kappa coefficient of poor agreement 

(kFleiss<0.40), moderate agreement (kFleiss between 0.40–0.75), and excellent agreement (kFleiss>0.75)24. 

 

MATERIALS AND METHODS 

This study was carried out from 2022 to 2023 at Khyber Medical University's (KMU) Institute of Pathology and 

Diagnostic Medicine's (IPDM) Histopathology Laboratory. 70 oral squamous cell carcinoma (OSCC) cases 

recorded between 2017 and 2022 at IPDM, Rehman Medical Institute (RMI), and Khyber College of Dentistry 

(KCD), Peshawar, were utilized as formalin-fixed paraffin-embedded (FFPE) tissue blocks. Records from the 

department were used to gather patient information, such as age, gender, tumor location, and histologic variation. 

A microtome was used to cut each FFPE block into 4 μm slices, which were then floated in a water bath at 45 to 

50°C and placed on IHC slides coated with poly-L-lysine and H&E. An Olympus CX21LED light microscope 

was used for H&E staining for histopathologic grading, and a Canon EOS 550D camera was used to take pictures. 

ImageJ software (version 1.52a) was used to add scale bars to the photos. The FineTest Rabbit-DAB (Poly-HRP) 

Detection IHC Kit (Wuhan Fine Biotech Co., Ltd) was used to assess the immunohistochemical (IHC) expression 

of HIF-2α in OSCC samples. This kit contained peroxidase blocking reagent, HRP, substrate buffer, DAB with 

chromogenic substrate, antibody dilution buffer, and antigen retrieval solution (10×, pH 9). HIF-2α Rabbit 

Polyclonal Antibody (Catalog No. Fnab10928, UniProt ID: 2.2.5.2) was the main antibody utilized. A refrigerator, 

vacuum chamber, oven, microtome, micropipettes, staining troughs, flasks, beakers, slides, cover slips, and 

microscope were among the standard histopathology tools used in the study. Other standard chemicals included 

10% formalin, graded alcohol, xylene, paraffin, distilled water, and H&E stains. HIF-2α expression was found in 

OSCC tissue samples using immunohistochemistry (IHC). Tissue blocks were sectioned into 4 µm-thick slices 

using a microtome and then floated on a water bath before being mounted onto poly-L-lysine–coated IHC slides 

to ensure proper adhesion. 

 HIF2α scoring 

IHC-stained slides were examined under a microscope to determine the expression of HIF-2α in OSCC tissue 

samples. To avoid bias, the histopathologist was not given access to any clinicopathologic information. Tumor 

cell cytoplasmic labeling revealed HIF-2α positivity. An H-score between 0 and 300, where 300 denoted strong 

staining in 100% of tumor cells, was determined by analyzing staining intensity and the proportion of positive 

cells using a 400× light microscope. Positive and negative cases were categorized using a receiver operating 

characteristic (ROC) curve analysis cut-off value of 1. With diagnostic accuracy rising as the curve gets closer to 

the upper left corner of the graph, the ROC curve aids in determining the ideal threshold that best distinguishes 

between positive and negative cases; on the other hand, a diagonal line indicates a test with no discriminatory 

power (sensitivity equals specificity)25, 26. 

 

        ANALYSIS OF INTER-OBSERVER AGREEMENT  
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To determine how consistently HIF2α expression in oral squamous cell carcinoma (OSCC) samples was 

classified, three pathologists' inter-observer agreement was evaluated. Using H-score, each pathologist 

independently assessed HIF2α expression in OSCC tissue samples. By evaluating the same histopathological 

slides or samples and testing interrater agreement for histopathological parameters, the aim is to assess the 

consistency with which different raters scored using the same method. H-score values were divided into two 

categories for nominal data: a positive for scores over a predefined cut-off which was calculated as “1” and a 

negative for scores below or equal to the cut-off. 

 

STATISTICAL ANALYSIS 

All the collected data were first structured in Microsoft Excel 2016 and then analyzed with IBM SPSS Statistics 

Version 25.0. Continuous variables were summarized as mean and standard deviation, whereas categorical 

variables were reported as frequencies and percentages, with graphical representations where suitable. ANOVA 

was used to make comparisons between study groups. The agreement between observers was further investigated 

using kappa statistics and cross-tabulation methods. A p-value less than 0.05 indicated statistical significance. 

 

FLEISS' KAPPA ANALYSIS: 

The degree of inter-observer agreement amongst three pathologists was measured using Fleiss' kappa statistic. 

Fleiss' kappa is appropriate for nominal categorical data and takes into consideration agreement between several 

raters that goes beyond chance23, 27-29.  

 

 

    RESULTS:  

It was determined that the three raters' inter-observer agreement had a Fleiss' kappa coefficient of 0.630. 

 

Sample data contains 70 effective subjects and 3 raters. 

 

INTERPRETATION OF RESULTS: 

A statistical metric called Fleiss' kappa (κ) is employed to evaluate the degree of agreement between numerous raters or 

observers when assessing categorical data. Although there are other ways to interpret Fleiss' kappa values, the Landis 

and Koch (1977) scale is typically used to determine the degree of agreement30. According to the Landis and Koch scale, 

the Fleiss' kappa values are normally interpreted as follows31: 

 

 
LANDIS AND KOCH SCALE31 

A satisfactory degree of inter-observer agreement was seen among the pathologists in this investigation, as 

indicated by the considerable Fleiss' kappa coefficient (0.630). This suggests that raters were able to interpret 

HIF2α expression consistently due to the way they used H-score values and the applied cut-off to evaluate the 

expression. 
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These explanations offer a qualitative evaluation of the degree of agreement seen amongst several raters or 

observers. Stronger agreement than would be expected from random chance is shown by an increase in Fleiss' 

kappa value. The specific factors and environment of a study or research area can influence the interpretation of 

Fleiss' kappa. Depending on the study's specific requirements and standards, alternative scales or interpretations 

may potentially be used. Fleiss' kappa values are often interpreted using the Landis and Koch scale. 

 

DISCUSSION: 

To understand the tumor's behavior and its potential treatment effects, it is crucial to assess the expression of 

hypoxia-inducible factor 2 alpha (HIF2α) in oral squamous cell carcinoma (OSCC)32. Our results are consistent 

with other research that has highlighted the role of HIF2α in tumor hypoxia and OSCC aggressiveness. Under 

hypoxic conditions, HIF2α is recognized to play a critical role in promoting angiogenesis and facilitating tumor 

growth33. The high level of agreement amongst observers indicates that HIF2α expression may be consistently 

detected and interpreted through the use of immunohistochemical techniques and the approved scoring method. 

A significant degree of agreement was found among the pathologists when Fleiss' kappa statistic was applied; the 

computed kappa value was 0.630 which coincides with previous studies34-36.  

A study done by Sohee Park, Hyunho Park and Sang Min Lee in 2022 showed that five readers' agreement on 

Lung-RADS categorization was substantial (Fleiss kappa, 0.65 [95% CI, 0.63, 0.68]) which corresponds to our 

study37. Guan-Yuh Ho and Matthias Leonhard conducted a study in 2019 to assess the level of agreement among 

seven examiners. They used the Fleiss method to calculate the kappa value, which was found to be 0.61. The 

consensus among the seven raters' professional opinions regarding the selected laryngeal electromyography 

(LEMG) was strong24. 

In 2019, Adam Bonfield and Damian Roland conducted a study in England to assess the Inter-rater reliability 

(IRR) of the Paediatric Observation Priority Score (POPS), which is a specialized scoring system designed for use 

in emergency departments for children. The results indicate a statistically significant and reliable agreement of 

the POPS through Fleiss kappa when evaluating various clinical presentations across healthcare practitioners with 

varying levels of experience38. This Fleiss kappa value is somehow is coinciding with our study. 

Fleiss' kappa is a useful tool for analyzing agreement and guaranteeing consistency across different evaluators in 

studies involving numerous raters or observers, such as those evaluating biomarker expression in tumor samples39.  

This measure emphasizes the consistency in interpreting HIF2α expression amongst many observers by 

accounting for agreement beyond that which would be predicted by chance. Research findings on HIF2alpha 

expression in OSCC are better interpreted and have greater validity when Fleiss' kappa analysis is included. It 

raises the overall standard of the study by offering statistical proof for the validity of data interpretation. 

 

 LIMITATIONS 

 Our study had specific limitations that could have influenced the interpretation of our research findings.  

• The fundamental limitation of the study design is the total number of OSCC cases. It influences the 

implementation of outcomes in the population and the analysis of data. 

• Our hospitals had a limited number of cancer registries in terms of statistics.  

 

 CONCLUSION:                                                                                                                     

 Our data show good agreement between pathologists' estimates of HIF2α expression in OSCC using a modified 

scoring approach. These findings demonstrate that Fleiss' kappa is an effective agreement statistic for multi-rater 

research with categorical data. 
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