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A reproducibility study of a diagnostic assay for quantitating immunohistochemistry (IHC) biomarkers in 
tumor tissue specimens typically includes two study designs: a ring study and a reader precision study. 
These studies cover consistency evaluation with both reference results and paired results among the 
readers. In comparison with reference results, the main evaluation metrics are positive percent 
agreement (PPA), negative percent agreement (NPA), and overall agreement (OA). For pairwise 
comparison, consistency is evaluated by calculating the average positive percent agreement (APA), 
average negative percent agreement (ANA), and average overall agreement (OA). 

INTRODUCTION <HEADING 1> 

This paper presents the agreement for consistency evaluation in the reproducibility study, with 
calculations performed using Visual Basic (VB). 

REPRODUCIBILITY STUDY <HEADING 1> 

The reproducibility study evaluates the consistency among at least three clinical sites in processing, 
staining, and interpreting the same set of sample slides. Each slide is binned scored as positive or 
negative based on specific thresholds. This study includes two parts: the ring study and the reader 
precision study.   

RING STUDY <HEADING 2> 

In a ring study, identical pathological slides are provided by each site and distributed to all participating 
sites. Qualified pathologists at each site stain and interpret the slides according to the product 
instructions. 

 

Figure 1. Ring Study Diagram 

Table 1 shows the percent tumor membrane (%TC) staining, positive or negative results, and reference 

results for three sample slides. A cutoff of 70 is used: TC values <70 are negative, ≥70 are positive. The 

reference result (i.e., PARAMCD=MODE) is defined as the outcome most frequently observed across the 
three sites. If multiple slide readings are available, the last valid reading is used for analysis. 
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Table 1 Dataset of Readings in Ring Study 

READER PRECISION STUDY <HEADING 2> 

The reader precision study evaluates the consistency of slide interpretation by the same or different 
pathologists within sites and across different sites. This study includes three parts:  

• Intra-site intra-pathologist consistency: the same pathologist interpreting the slides three times at 
each site, with each reading separated by an interval of more than two weeks. (see observations 1 - 3 
in Table 2) 

• Intra-site inter-pathologist consistency: three pathologists with different qualifications at each site 
interpret the same slides. (see observations 1, 4, and 7 in Table 2) 

• Inter-site inter-pathologist consistency: three pathologists with same qualification at different sites 
interpreting the same slides. (see observations 4 - 6 in Table 2) 

 

 

Figure 2. Intra-Site Intra-Pathologist Consistency in Reader Precision Study Diagram 
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Figure 3. Intra-Site Inter-Pathologist Consistency in Reader Precision Study Diagram 

 

Table 2 Dataset of Readings in Reader Precision Study 

AGREEMENT RATES ANALYSIS <HEADING 1> 

Agreement rates analysis in consistency evaluation includes positive percent agreement (PPA), negative 
percent agreement (NPA), overall agreement (OA), average positive percent agreement (APA), and 
average negative percent agreement (ANA). The calculation formulas are as follows: 

 Column Result  

Row Result Positive (+) Negative (-) 

Positive (+) a b 

Negative (-) c d 

Table 3. One 2×2 table 

𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 (𝑃𝑃𝐴) =
𝑎

a + 𝑐
 

𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 (𝑁𝑃𝐴) =
𝑑

𝑏 + 𝑑
 

𝑂𝑣𝑒𝑟 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 (𝑂𝐴) =
𝑎 + 𝑑

𝑎 + 𝑏 + 𝑐 + 𝑑
 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 (𝐴𝑃𝐴) =
2𝑎

2𝑎 + 𝑏 + 𝑐
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 (𝐴𝑁𝐴) =
2𝑑

2𝑑 + 𝑏 + 𝑐
 

BOOTSTRAP RESAMPLING <HEADING 1> 

A nonparametric bootstrap procedure can be used to calculate the confidence interval for the agreement 
from a dataset with n observations. The steps are as follows: 

1. Resample with replacement: randomly sample n observations with replacement from the original 
data to generate a simulated dataset. 

2. Calculate the agreement: compute the agreement of the simulated dataset. 

3. Repeat resampling: repeat steps 1 and 2 a total of B times to obtain B simulated agreement. 

4. Compute the confidence interval: take the 2.5th and 97.5th percentiles.  

VBA FOR AGREEMENT <HEADING 1> 

AGREEMENT: PPA NPA OA <HEADING 2> 

Step 1: Prepare the data and parameters<Heading 3> 

Taking Table 2.1.1 as an example in Display 1, input the necessary parameters including the input sheet, 
output sheet, rows and columns, and statistical measures into the panel sheet, and ensure that the 
corresponding ring study data are ready for agreement analysis. 

• Column F: represents the input sheet containing the dataset of slide readings. 

• Column G: represents the output sheet, i.e., the table to be generated. 

• Columns H - M: correspond to the rows and columns of a 2×2 contingency table. 

• Column N: contains the calculated statistical measures. 

 

Display 1. Parameters for VBA Macro 

Transpose the slide reading data in the Table 1, and recode positive results as 1 and negative results as 
0. This is done to facilitate the calculation of frequencies in the 2×2 contingency table. 



 
 

5 

 

Display 2. Slide Readings for Ring Study in Excel 

To align the column names between the panel sheet and the slide reading data, the function stores the 
positions of the matched columns in the array, thereby facilitating the identification of row and column 
variables for the fourfold table. 

 

Step 2: Obtain Frequency<Heading 3> 

Based on the 2×2 contingency table, recode each record and store it in an array. 
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Step 3: Estimate the Agreement and 95% Confidence Intervals<Heading 3> 

Estimate the agreement based on the formulas. 

 

Calculate the corresponding confidence intervals. 
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Step 4: Output the Table<Heading 3> 

In Display 1, by clicking the first button and entering the corresponding row number of the table in the 
panel sheet, the required table can be generated automatically. 

 

Display 3. An Input Box 

 

Display 4. A Sample Table in Ring Study 

AGREEMENT: APA ANA OA <HEADING 2> 

Taking Table 2.1.2 as an example in Display 1, the previous steps can be referenced from Table 2.1.1. 

Estimate the 95% Cl Using the Bootstrap Resampling <Heading 3> 

Perform 2,000 resampling iterations to calculate the confidence intervals of the agreement. 
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CREATE ALL TABLES AND TOC <HEADING 2> 

In Display 1, clicking the second icon generates all tables sequentially using a for loop, while clicking the 
last icon creates the table of contents. 
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Display 5. Content of the Tables 

CUSTOMIZE THE OFFICE RIBBON <HEADING 2>  

You can use the Office RibbonX Editor to customize the office ribbon by adding buttons with icons that 
are linked to VB macros. 

 

Display 6. Office RibbonX Editor 

CONCLUSION <HEADING 1> 

This paper describes the use of VBA to calculate the agreement rates in tissue diagnostic trials. The 
results are validated using SAS.  
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• SAS/STAT(R) 9.22 User's Guide 
https://support.sas.com/documentation/cdl/en/statug/63347/HTML/default/viewer.htm#statug_surveys
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elect_sect007.htm 

• Resampling https://www.coursera.org/learn/statistical-inference/home/module/4 

• Office RibbonX Editor https://github.com/fernandreu/office-ribbonx-editor 

• Icons8 https://icons8.com 
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