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Abstract 

Diagnostic MS/MS methodologies have largely utilized calibration curve-based quantitation on a batch 

basis.  Initial forays into internal standard ratio quantitation have been recently proposed.  This mode 

allows for smaller batches, faster run-times and expedited data review while still leveraging the analytical 

horsepower of mass spectrometric platforms.  Additionally, this workflow satisfies the core requirements 

of quality control under CLIA and various accrediting agencies. These approaches, however, do not 

address non-linear MS detection, increased imprecision at low responses or noise/baseline variations 

between analytes and internal standard transitions.  This paper shall introduce a highly accurate means of 

internal standard ratio quantitation via calculation of correction factors across the entire analytical range 

for a diverse array of analytes and internal standard labeling conditions.     

 

Methods  

LC-MS/MS assays for THC-COOH, cortisol, tricyclic antidepressants and their internal standards in 

human matrices were developed using standard calibration curve quantitation.  Utilizing 20 independent 

batches, internal standard-based quantitation functions were derived from comparison of the 

analyte/internal standard ratios across the analytical range in higher order equations.  Internal standard 

concentrations were adjusted to determine variance in ratio functions, elucidating the influence of noise 

variations in analyte and internal standard transitions as well as correcting for non-linear dose-response 

curve of MS detectors.  Assays were then separately validated utilizing the internal standard-quantitation 

approach, including measurement of accuracy, precision, matrix effects, recovery, and reference intervals.  

Comparison of validation results between classical calibration curve approach and response ratio internal 

standard quantitation was performed.       

Data  

Initial validation of the assays demonstrated inter-assay and intra-assay inaccuracy/imprecision and 

recoveries of 85-115% and shown to be free of matrix effects.  Response ratio functions were 

preliminarily performed by using accurate preparations of the internal standard as well as generation of 

linear plots of the analyte response/concentration ratio compared to IS responses.  These approaches have 

been described previously (1, 2).  These approaches, however, demonstrate issues related to the use of 

mass spectrometry, namely, a non-proportional relationship of the analyte and internal standard as shown 

in Figure 1 for urine free cortisol measurement.  In order to accurately apply internal standard ratio 

quantitation, a new approach utilizing non-linear regression of calibration values was applied to a data set 

of more than 400 specimens analyzed over 13 working days.  This data was compared to the values 

generated by classic calibration curves (graphical analysis), a calculated response factor method generated 

from 2 different calibration values, and the new non-linear approach.  Example data from these 

comparisons are shown below.     

 



 

 

 

 

 

 



  In this lecture, the merits and shortcomings of the approaches related to quantitation of samples via LC-

MS/MS analysis will be discussed, including the reasoning and explanation of the improved method via 

non-linear regression analysis. 
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