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Abstract
Purpose: There continues to be debate concerning 
the optimal method used to adjust for endogenous 
biomarker levels in spiked quality controls (QC), validation 
samples (VS), and in selectivity determinations following 
ligand-binding analyses (LBA) with a matrix like normal 
human serum (NHS). We will describe case studies of 
biomarker analyses using multiplex LBA and highlight the 
challenges associated with selectivity adjustments for 
varied levels of endogenous analytes.

Methods: The LBA test methods used were the Meso 
Scale Discovery (MSD®) V-PLEX® Proinfl ammatory Panel 
1 and the Cytokine Panel 1 immunoassays. NHS was the 
test matrix. NHS samples were screened and selected to 
construct the NHS pool. Calibrator standards (CS) were 
reconstituted in MSD® buffer diluent and used to prepare 
standard curves. VS were prepared in NHS pool using the 
CS stock at escalating levels, LLOQ, LQC, MQC, HQC, 
and ULOQ. Selectivity determinations involved analyzing 
10 NHS samples with and without biomarker spikes.

Results: VS and selectivity samples for the 20 cytokines 
exhibited 3 patterns of endogenous biomarker levels, 
including 1) below the lower limits of detection (LLOD), 
2) below the lower limits of quantitation (BLOQ), and 
3) readily quantifi able levels of endogenous cytokine. 
Calculations for percent analytical recovery (%AR) derived 
by subtracting quantifi able endogenous biomarker 
levels from the respective total analytical values yielded 
reproducible and credible results. However, when 
addition of endogenous plus spike was used to derive 
total expected values, %AR calculations were frequently 
unrealistic and discordant with values obtained with the 
subtraction adjustment method. Another potentially 
complicating issue was observed when endogenous 
levels of a cytokine were substantially above the LLOD, 
but below the LLOQ. It would be suboptimal to adjust for 
endogenous biomarker content using mass unit obtained 
BLOQ. We observed reproducible results by subtracting 
net signal units (e.g., ECLU), instead of derived mass units, 
and regressing the adjusted respective VS or selectivity 
sample signal numbers.

Conclusions: We conclude that selectivity can be 
complicated especially in multiplex immunoanalytical 
situations when analytes are present endogenously 
in varied concentrations. Our results confi rm that 
subtraction is the preferred method to adjust for 
endogenous biomarker levels in calculations of %AR 
or %bias.

Introduction Results

Figure 1
Comparisons of %AR Calculations Using the Addition vs. Subtraction Methods

for Endogenous Analyte Adjustments

Conclusion
The presence of appreciable concentrations of biomarker(s) in matrix can complicate %Bias and %AR 
determinations during BMV.

■ The preferred method to adjust for quantifi able endogenous biomarker concentrations is the subtraction 
method, since the addition method can yield incorrect conclusions for biomarkers of high abundance in matrix.

■ The subtraction method can use either mass units or raw assay signal, the latter of which is preferred when the 
endogenous analyte is present above the LLOD, but BLOQ. 

■ Optimal spike to endogenous proportions are >20%, which is expected for a LBA system with %CV and %AR 
acceptance criteria generally ≤ 20-25%.

Methods
Principle of the Method. Results are discussed from 
experiments involving 2 human MSD® biomarker multiplex 
kits. The fi rst kit is the Proinfl ammatory Panel 1 involving 
IFN-γ, IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, and 
TNF-α. The second kit is the Cytokine Panel 1 involving 
GM-CSF, IL-1α, IL-5, IL-7, IL-12/IL-23p40, IL-15, IL-16, IL-17A, 
TNF-β, and VEGF. The methods follow closely to that of the 
manufacturer, except as required to incorporate NHS matrix. 

Case study 1: IL-12/IL-23p40 A&P runs illustrate %AR 
calculations using addition vs. subtraction methods for 
endogenous analyte adjustments (Table 1). Endogenous 
IL-12/IL-23p40 was detected in the range of 41-48 pg/mL 
depending on the run. Spike IL-12/IL-23p40 was 5.83 pg/mL 
for all runs, approximately 13% of endogenous analyte levels. 
Run 1 shows near complete recovery of the spike (96%), with 

Table 1
Case Study 1: IL-12/IL-23p40 A&P Runs Illustrate %AR Calculations Using Addition vs. 

Subtraction Methods for Endogenous Analyte Adjustments

Table 2
Case Study 2: Adjustment for Endogenous IL-13 LevelsUsing ECLU When Mass Units are <LLOQ

Case study 2: Adjustment for endogenous IL-13 levels 
using ECLU when mass units are <LLOQ. Shown in Table 2 
are inter-assay results for IL-13 A&P runs using VS1 through 
VS4. It was observed that the LLOQ for this assay was 
>6 pg/mL, but endogenous IL-13 was BLOQ at ~3.7 pg/
mL as assessed using the low end of the standard curve. 
Unadjusted %AR failed at all levels, confi rming that accurate 
determinations of recovery required adjustment for the 
endogenous component. The addition method using 3.7 pg/
mL for adjustment yielded passing conclusions at all levels, 
as did the subtraction method at VS3 and VS4. However, 

Table 3
Case Study 3: Potential Importance of IL-16 Spike to Endogenous Proportions to Achieve Acceptable %AR

Figure 2
VS Spikes ≥ 20% of Endogenous Biomarker Levels Improve %TE Results

Case Study 3: Potential importance of IL-16 spike to 
endogenous proportions in VS to achieve acceptable %AR. As 
shown in Table 3, case study 3 confi rms the disparity between 
addition and subtraction %AR calculations, and also indicates 
the importance of cytokine spike to endogenous proportions in 
achieving a passing %AR. Inter-assay results for IL-16 VS1 through 
VS7 in NHS are shown. The nominal spike range was 5 pg/mL to 
494 pg/mL. Mean endogenous IL-16 was 176 pg/mL, with spiked 
quantities ranging from 3% to 281% of that endogenous amount. 

Figure 2 demonstrates that VS spikes ≥ 20% of endogenous 
biomarker levels improve % total error (%TE) results. The 
relationship between percent spike in VS vs. resulting %TE 
for A&P runs was investigated. Percent total error is the sum 
of inter-assay percent relative error and %CV. TE ≤ 30% is 
considered passing. The proportions of spiked cytokine (% 
Spike) in the various VS for analytes IL-8, IL-12/IL-23p40, IL-16, 

Bioanalytical method validation (BMV) of ligand-binding 
assays (LBA) involving an analyte endogenously present in 
substantial quantities in matrix (e.g., biologics or biomarkers 
in serum, plasma, etc.) can create challenges to the accurate 
quantitation of that analyte as a spiked entity in the sample. 
This is because the assay cannot distinguish between added 
analyte and the endogenous component. The challenge of 
adjusting for endogenous analyte content in matrix becomes 
apparent when assaying validation samples (VS) and 
attempting to accurately quantitate the spiked component 
present in the preparation. This same challenge presents 
itself during selectivity determinations, i.e., when multiple 
individual matrix samples are tested for matrix effects by 
addition and quantitation of spiked analytes. 

Relative to this presentation is the situation with BMV of LBA 
for biomarkers. We have undertaken the BMV of 2 multiplex 
LBA measuring human cytokine biomarkers using NHS as 
the sample matrix. Endogenous cytokines were observed 
to varied degrees and had to be accounted for during 
BMV. There are 2 basic methods to adjust for endogenous 
biomarkers in VS or selectivity samples. One method (termed 
addition method) uses a comparison of the observed VS 
results vs. the expected total concentration, the latter of 
which is derived by addition of the nominal value of the spike 
plus the observed experimental value from the unspiked 
matrix control. The other method to adjust for detectable 
endogenous biomarker levels is the subtraction method. 
Thus, the amount observed in the matrix blank is subtracted 
from the amount observed in the spiked VS, and the net 
difference vs. nominal spiked value is used to calculate %AR.

Figure 1 presents 3 hypothetical results for a biomarker 
comparing addition vs. subtraction adjustment methods. 
Example 1 shows that the addition and subtraction 
adjustment methods with observed results of 110 pg/mL 
yields similarly passing %AR of 100% recovery. However, 
as recovery departs from 100%, subtraction and addition 
adjustment methods can exhibit substantially different %AR 
values. Thus, decreasing the observed result from 110 pg/
mL as in example 1 to 100 pg/mL (Example 2) had a dramatic 
affect on the respective %AR calculations. The addition 
method yielded 91% AR (passing), while the subtraction 
method indicates failed 0% AR. In other words, it is possible 
to get a passing conclusion with the addition adjustment 
method even when an apparent zero percent of the spike 
could be detected. Example 3 shows passing %AR for the 
addition adjustment method, when 200%  over-recovery is 
the conclusion using subtraction. This hypothetical set of 
examples illustrates the potential fallacy of using the addition 
method for endogenous analyte adjustment in %Bias and 
%AR calculations.

There has been no widely accepted consensus on which 
method is preferred when adjusting for endogenous analyte 
levels in VS and selectivity %AR calculations. We describe 
here a critical evaluation of the 2 endogenous biomarker 
adjustment methods using examples derived from our studies 
with MSD® multiplex biomarker assay systems. It is concluded 
that subtraction yields more realistic results under conditions 
where addition gave faulty values. Moreover, it is shown that 
when endogenous biomarker levels are above LLOD, but 
BLOQ, assay signal is preferred over derived mass units.

Preparation and assay of CS, VS, and MSD® controls. 
The lyophilized calibrator blend provided with the kit 
was reconstituted with MSD® assay buffer and then 
serially diluted in the same buffer to obtain the desired 
concentrations for the standard curves. NHS samples 
were purchased from Bioreclamation and screened for 
suitability for use in a NHS matrix pool. Seven levels of VS 
were prepared by spiking this pool of NHS with the MSD® 
calibrator reference material. All VS contain at least 95% 
NHS. MSD® controls were reconstituted with assay buffer. 

corresponding passing %AR values regardless of adjustment 
method. Run 2 yielded only ~27% of the detected spike, 
refl ected in a failing %AR using the subtraction method for 
adjustment. However, the addition method yielded a passing 
%AR of 89%. Finally, run 3 shows an example of unacceptable 
high recovery using the subtraction method (146% of spike) 
that would be considered as passing using the addition.
method for adjustment.

the 3.7 pg/mL value should not be considered valid since 
it was BLOQ, so the approach of using assay signal was 
investigated. The results demonstrate 1) successful use of 
assay signal for %AR calculations involving analytes that are 
detectable, but not quantifable in this assay system, and 2) 
possibly faulty passing calculations using derived mass units 
for VS3 %AR and %TE values with either adjustment method. 
These results indicate that when endogenous biomarker 
levels are BLOQ, but above LLOD, assay signal units should 
be considered to accurately calculate %AR and %TE.

and VEGF were plotted vs. the resulting inter-assay %TE. 
Spikes ≤ 20% tended to yield high, unacceptable %TE in the 
lower right quadrant of the fi gure. Indeed, it was observed 
that VS with ≤ 20% spike had passing %TE only 26% of the 
time. Conversely, spikes > 20% tended to yield low %TE as 
shown in the upper left quadrant of the fi gure. Thus, VS with 
> 20% spike had passing %TE fully 90% of the time.

Adjustment for endogenous IL-16 was necessary as indicated 
by all VS failing without that step (unadjusted). The addition 
method yielded passing %AR at all levels, even the very lowest 
VS1 with 5 pg/mL spike, but a net of 23 pg/mL was observed 
(~4.6-fold higher than the initial 5 pg/mL spike). The subtraction 
method (either mass units or signal) identifi ed a spike of 57 pg/
mL as the fi rst passing VS concentration, 32% of endogenous 
IL-16. These results indicate that spikes above 11% may be 
needed to consistently observe passing %AR.


