
The Utility of ISR for Biomarker Assays: 
Considerations for Ligand Binding and 

Chromatographic Assays
Carmen Fernández-Metzler
15th EBF Open Symposium

November 16, 2022
November 

1



Outline 
• Historical Context of ISR
• AAPS Survey on ISR for Biomarker Assays
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Purpose of Incurred Sample Reanalysis (ISR): Historical Context

• PK validation samples require the use of spiked samples for determination of precision and accuracy. 
• Spiked samples may not adequately mimic study samples (incurred samples) for a variety of reasons.

• ISR was established to ensure reproducibility of analysis, where a subset of incurred samples is 
reanalyzed. The repeated result is compared with the initial results which provides a measure of the 
analysis reproducibility. 

• Formal ISR acceptance criteria is typically 2/3 of samples must be within 30% of the original value.

Undocumented technical 
errors 

Back conversion of unstable 
metabolites

RecoverySample 
Inhomogeneity

Matrix 
Effects



ISR in Assay Validation
ISR in PK/TK Studies
• Timmerman P, Luedtke S, van Amsterdam P et al. Incurred sample reproducibility views 

and recommendations by European Bioanalytical Forum. Bioanalysis 1(6), 1049–1056 
(2009). https://doi.org/10.4155/bio.09.108

• Booth B. Incurred sample reanalysis. Bioanalysis. 2011;3(9), 927-928. 
https://www.future-science.com/doi/10.4155/bio.11.69

• Kelley, M. Incurred sample reanalysis: it is just a matter of good scientific practice. 
Bioanalysis. 2011;3(9),931-932. https://www.future-
science.com/doi/10.4155/bio.10.215

• Vazvaei F. A look back at the incurred sample reanalysis. Bioanalysis. 2018;10(21),1711-
1713. https://www.future-science.com/doi/10.4155/bio-2018-0263

• Kall,M A, Michi, M, van der Strate, B, Freisleben, A, Stoellner, D, and Timmerman, P, 
Incurred sample reproducibility: 10 years of experiences: views and recommendations 
from the European Bioanalysis Forum, Bioanalysis, 10:21, 1723-1732 (2018), 
https://doi.org/10.4155/bio-2018-0194

• Lee LB, Wickremsinhe ER. A decade of incurred sample reanalysis: failures, 
investigations and impact. Bioanalysis. 2018;10(21),1767-1172. https://www.future-
science.com/doi/10.4155/bio-2018-0214

• EBF surveys and industry data indicate that less than 2% of studies fail ISR and of those 
failures, the majority are due to technical errors 

ISR in Biomarker Assays
• Arnold M, Booth B, King L, Ray C. Workshop Report: Crystal City VI—Bioanalytical 

Method Validation for Biomarkers. AAPS J. 2016;18(6),1366-1372. 
https://link.springer.com/article/10.1208%2Fs12248-016-9946-6

– ISR not appropriate for biomarkers
• Ohtsu Y, Tanaka S, Igarashi H, Kakehi M, Mori T, Nakamura T, et al. Analytical method 

validation for biomarkers as a drug development tool: points to consider. Bioanalysis. 
2021;13(18) 1379-1389. https://www.future-science.com/doi/10.4155/bio-2021-0173

– ISR should be conducted for biomarker studies based on COU
– Described mainly as a robustness assessment
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Biomarkers and Precision Medicine (BPMC) Community 
Survey and Interpretation of Regulatory Guidelines

“Other” Responses:
• If for primary endpoint and the QCs haven’t used endogenous samples, it makes sense to do it.
• Might consider as part of an investigation if data anomalies were observed. Would require scientific rationale to do so.
• Up until recently, they were treated as any other regulated samples and assumed to require ISR per guidance.



Assessing Reproducibility in Biomarker Assays
Conducting reproducibility for biomarker assays remains important.  Reproducibility 
should be assessed for biomarker assays as it would for any bioanalytical assay. 

The Questions:
• Is the traditional way of conducting characterization of reproducibility using a formal 

ISR assessment in biomarker assays the best approach?
• Can reproducibility be better served by assessing other approaches or parameters in 

biomarker assays? 



Assessing Reproducibility in Biomarker Assays
The Answer/Suggestion(s):
• Unlike PK assays, for most biomarker assays, the samples used during development 

and validation already contain the endogenous analyte and do not need to be spiked. 
• Therefore, several different approaches may be used to determine biomarker assay 

ruggedness and reproducibility 
– Endogenous QCs 
– Parallelism
– Endogenous analyte stability or if needed, incurred sample stability



Endogenous QCs

Objective vis à vis ISR:  Demonstrate assay reproducibility with repeat analysis 
of eQC

• Endogenous QCs (eQCs) – samples from disease/study population
• True characterization of analyte behavior in the assay when evaluating 

reagent binding to recombinant proteins vs. native endogenous protein.
• Provides a measure of assay reproducibility of the endogenous analyte in 

native matrix and can be used to monitor longitudinal assay performance. 
• Trending data of the reproducibility of the eQC provides data to support 

reproducibility for biomarkers by way of confirming that results of the assay 
are comparable every time the assay is performed.



Endogenous QCs
Considerations for Ligand Binding Biomarker Assays

• Difficult to establish eQC in validation to span the dynamic range of the 
assay

• Endogenous analyte too high? 
– Dilute samples to obtain low levels
– Admixing

• Endogenous analyte too low?
– Alternative approach for use of in-study parallelism



eQC Reproducibility Assessment for LBA Assays 
• Laboratory examples of QC 

performance trending in biomarker 
assays

• eQCs analyzed over 987 days
• Example to showcase the use of eQC

to measure reproducibility of an 
endogenous sample through repeat 
analysis
– Advantage for studies with limited sample 

volumes (e.g. pediatric studies, rare 
disease studies)

– Advantage for studies with rare matrices 
(e.g. CSF, tissue homogenates)

Azadeh et al. (2019) AAPS J



Endogenous QCs
Considerations for LC-MS Assays

• Same considerations as for LBA assays, when using hybrid-LBA-LC-
MS/MS assays

• eQC may not characterize analyte behavior in the assay when 
evaluating reagent binding to recombinant proteins vs. native 
endogenous protein as binding is disrupted during sample preparation 
for LC-MS analysis



eQC Reproducibility Assessment for LC-MS Assays
Trending for Oxysterol Biomarker
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• Assess reproducibility of the assay 
over time
– Value assigned normal human plasma
– eQC samples prepared from incurred 

samples may also be used

Ø Good reproducibility of the assay 
over time
– Out of range events trigger 

investigation



Parallelism
Considerations for Ligand Binding Biomarker Assays

Objective vis à vis ISR:  Demonstrate that assay reagents bind to the 
endogenous analyte in biological samples similarly as the calibrator in 
surrogate matrix

• Pre-study parallelism
– Differences in calibrator and endogenous analyte can alter reagent binding

• In-study parallelism
– Potential sample inhomogeneity 
– Samples with low levels of analyte (e.g.cytokines)
– Uncontrolled pre-analytical variables from commercially sourced matrices
– Rare matrices, rare disease, low sample volume



Parallelism 
Considerations for LC-MS Assays

Objective vis à vis ISR:  Address potential sample inhomogeneity as well as unexpected 
potential matrix effects by determination of parallelism of incurred samples

– As the sample is diluted out, non-specific and low affinity drug or metabolite binding of the 
biomarker should fall apart

• Same considerations as LBA for Hybrid LC-MS assays only
– Use protein reagent(s) to capture the analyte

• Different considerations from LBA assays for small molecule and protein biomarker 
assays
– For LC-MS assays, parallelism is used to demonstrate the suitability of using a surrogate matrix 

and/or a surrogate analyte by comparison with the behavior in native matrix or with native analyte
– Parallelism of incurred samples is not typically performed



Parallelism in LC-MS Assays
• Assess the ability of a surrogate 

matrix to perform in a manner 
equivalent to the biological control 
matrix over the intended range of 
analysis

Bioanalysis (2012) 4(19), 2343–2356



Biomarker Sample Stability
Objective vis à vis ISR:  Demonstrate assay reproducibility through 
stability assessment via repeat analysis over time of eQC prepared 
from incurred samples

• Similar considerations for LBA and LC-MS Assays
– Pre-study:  Demonstrate reproducibility through stability assessment with repeat 

analysis of eQC

– In-Study:  Demonstrate stability and reproducibility over time with incurred 
samples

• Obtaining eQC samples from rare study populations, or with low levels of analyte 
may be difficult



The Questions
• Is the traditional way of conducting characterization of reproducibility 

using a formal ISR assessment in biomarker assays the best approach?
• Can reproducibility be better served by assessing other approaches or 

parameters in biomarker assays through pre-study and in-study
assessments? 

Undocumented technical errors 

Back conversion of unstable 
metabolites

RecoverySample 
Inhomogeneity

Matrix Effects



Conclusion
• It is important for biomarker scientists to understand that the formal ISR 

assessment was developed for PK assays
– Lessons learned from PK ISR are useful for biomarker assays

• Several different approaches may be used to determine biomarker assay 
ruggedness and reproducibility that address analysis reproducibility over time 
(ISR) 
– Endogenous QCs 
– Parallelism
– Endogenous analyte stability or if needed, incurred sample stability

• Multiple discussions, workshops and publications in the past 2 years have 
been dedicated to the subject of ISR for biomarkers and the suggested 
approaches
– As a community, what is our consensus opinion, and our path forward?
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Discussion
1. Are you running ISR for biomarkers?
2. What is the scientific benefit to performing ISR for biomarkers?
3. How are you selecting timepoints for analysis and what acceptance 

criteria is used?
4. What is being done if ISR fails and what does that mean?
5. Are there instances that apply to justify ISR for biomarkers that other 

pre-study or in-study parameters can not address?


