Appendix 1: Formula Derivation Detailed Process
1. Category-Combat Modeling 
1.1 Parameter Description
Assuming that the center of the sample data for imaging radiomics features is denoted as "i", with sample "j", feature "f", and category "c", the modeling method used in this study is as follows:

Here,  represents the sample value of the feature.  represents the sample mean grouped by feature, representing the overall value of the radiomic features of different categories. X is the design matrix for the feature condition, and β is the regression vector of matrix X.  and  are the summed error terms and the multiplicative error terms for the multicenter effects of the feature.  represents the error term, which can be assumed to follow a standard normal distribution with an expected value of zero and a variance of .
1.2 Data Standardization Process
Category-Combat belongs to the location/scale (L/S) model adjustment, which is a family of broad adjustments. We assume that the radiomic feature data follows a distribution of the location (mean)/scale (variance) model and use the method of moment estimation and least squares to estimate the parameters ,.
Let i be the center, j be the sample, f be the feature, and c be the category grouping. All feature samples j are represented in matrix form X (note that X here represents the matrix of sample feature values, not the sample condition matrix mentioned earlier), assuming that it follows a normal distribution ).
Based on the first-order moment of the feature sample:
   
	Based on the second central moment of the feature sample:
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As there is a bias in the normal distribution ), we adjust the estimation of the variance of the feature distribution. Therefore, the final formula for variance estimation is corrected as follows:


We use the least squares method to estimate the parameter  by setting:

The loss function of  is 
Transforming  into matrix calculation form, we obtain the cost function:

Taking the derivative of the cost function with respect to β on both sides:
    
   

After estimating , , and , the formula for the standardized feature data  is obtained as follows:

1.3 Estimation of parameters for empirical Bayes prior distribution
We assume that the variance of the standardized data follows a normal distribution . The parameter  follows a normal distribution and  follows an inverse gamma distribution.
   and   
We estimate the parameters  and  of the mean of the standardized data  using the method of moments. Using the first-order raw moment of the sample distribution and the definition of sample mean, we have:

    

Based on the second central moment of the sample distribution and the unbiased estimator for sample variance, we have:
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Using the method of moments, we estimate the parameters  and of the inverse gamma distribution for the standardized data variance . Let the mean and variance of the estimated inverse gamma distribution  be denoted as  and  respectively. Using the definition of sample variance and mean, we have:
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According to the definition of mean and variance of the inverse gamma distribution:
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1.4 Empirical Bayesian posterior distribution parameter estimation.
Based on the empirical Bayes formula  and the density functions of  and ,  ] and   we can obtain:
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The posterior distribution of the normal distribution remains a normal distribution, and the final formula obtained is also a distribution with a normal distribution kernel, and its expected value is


Substituting the estimated prior distribution parameters of  and , which are  and  into the above formula.


According to the empirical Bayes formula  and the density function of the inverse gamma distribution , and :


=
The posterior distribution of the inverse gamma distribution remains an inverse gamma distribution, and the final form of the formula conforms to the form of the inverse gamma distribution. Therefore, the estimated value of the mean of  is:

Substituting the estimated values of  and  for the estimated value of  into the above formula, we obtain:
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After obtaining the posterior distribution parameters  and  for , the empirical Bayesian posterior distribution for standardized data can be obtained. The final Radiomics-Combat multicenter compensation formula is as follows:



