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Historical Perspective on Bioanalytical 
Acceptance Criteria
► First Crystal City meeting in 1990: Criteria for precision and accuracy of immuno- and 

microbiological assays should be based on the requirements of the study and should 
match those of chromatographic methods.

► Draft FDA Guidance (1999): Focus on small molecule chromatographic assays. This 
guidance should also apply to other analytical techniques such as immunological and 
microbiological methods or other biological matrices, such as tissue samples 
including skin samples, although in these cases a higher degree of variability may be 
observed.

► 2nd Crystal City Discussion (2000): Due to the greater inherent imprecision of 
immunoassays, QC sample acceptance criteria of ±25% for accuracy in routine assay 
implementation are proposed.  Shah et al. Pharmaceutical Research, Vol. 17, No. 12, 
November 2000
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Historical Perspective, Part II

► Finalized FDA Guidance (2001) – 4/6/15 criteria persisted, with continued softened 
language 

► Key white paper on LBA Requirements – De Silva, et al. Pharmaceutical Research, 
Vol. 20, No. 11, November 2003
• Method precision and accuracy assessments require the comparison of calculated 

performance measures with a priori target limits that specify the amount of 
(analytical) error allowable without compromising the intended use and 
interpretation of test results.

• Proposal for 4/6/20, with 30% total error allowed for validation
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Historical Perspective, Part III

► 3rd Crystal City (2006) – Viswanathan et al. The AAPS Journal 2007; 9 (1)
• Because of these significant differences between small and macromolecule 

analytes, different technologies, such as LC-MS for small molecules and LBAs for 
macromolecules, are often employed to determine drug levels for PK 
assessments.

• In most of these small molecule RIAs, meeting the 15/20 challenge was achievable 
and it is recommended that the 15/20 rule be continued when LBAs are used for 
small molecule analysis.

► Current State – Key global guidances, including ICH M10 Draft
• 4/6/20 with total error not to exceed 30% – for LBA
• No acknowledgment of differential considerations for large molecule analysis via 

LC-MS

Public4



Current State of Bioanalysis
► Not a simple binary separation of small molecules via LC-MS and large molecules 

via LBA
► Biomarkers - context of use drives everything
► How do we evaluate the landscape going forward?

• How does expansion of acceptance criteria impact intended use of the data?
• What about biotherapeutics with very tight therapeutic windows?
• Control of assay demonstrated in validation

► Modified acceptance criteria for protein analysis via LC-MS, mirroring discussions 
for  LBA, have been proposed by the Bioanalytical community 
• EBF: Timmerman, et al. Bioanalysis (2012) 4(6) 627-631
• EBF: Knutsson, et al. Bioanalysis, 2013, Vol. 5, No. 18, Pages 2211-2214
• AAPS Protein LC-MS Bioanalysis Subteam: Jenkins, et al. The AAPS Journal, 

Vol. 17, No. 1, January 2015
• IQ Consortium: Kaur, et al. Bioanalysis (2020) 12(4), 257-270
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Pharmacokinetics of Therapeutic Proteins

► . . . the pharmacokinetics of protein products (in this document also referring to 
polypeptides) should be evaluated based on the same scientific grounds as 
conventional products.  However, due to the specific features of proteins, special 
considerations should be given when designing pharmacokinetic studies . . .

► Typically intravenous, subcutaneous, or intramuscular administration, with longer 
half-lives

► Lower volume of distribution (inverse relationship with MW)
► Dose-concentration relationship may be non-proportional – and may change over time
► Potential impact of immunogenic response

à Typically – different modeling considerations than for conventional products

EMEA Guidance (2007)
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Analytical Factors Impacting Assay Performance

► Size
• Larger peptides 
• Intact proteins

► Immunocapture
• Resembles LBA, with LC-MS detection
• May not be controlled by internal standard 

► If using surrogate peptide approach, digestion step introduces additional error
• For trypsin, well-characterized and reproducible, but error propagates with each 

additional step
• May not be controlled by internal standard 

► Charge state distribution variability
• Should be controlled by internal standard, but sensitivity could be impacted 

Proteins vs. Small Molecule Therapeutics
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Peptide/Protein MS Case Studies



Insulin Glargine

► Glargine, M1 and M2 metabolites (cannot currently distinguish by LBA)
► Challenges: 

• Glargine rapidly degrades to M1 at room temperature during prolonged room 
temperature immunocapture steps 

• Extremely low LLOQs (<0.1 ng/mL)
► We have experience in this assay using fully labelled standards (sponsor proprietary), 

and also bovine insulin as analogue internal standard (Covance proprietary): 
• Batch pass rate (all three analytes) with fully labelled ISTDs: >90% using 4-6-15
• Batch pass rate (all three analytes) with bovine ISTD: Approximately 75% using 

4-6-15 and 90% using 4-6-20
► For challenging assays (e.g., low LLOQ or highly customised IA), investment in 

a labelled protein ISTD is money well spent when pursuing an LC-MS/MS 
approach across all phases of drug development.

Immunocapture without Digestion
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RMP1-14 (Rat Pembrolizumab Analogue)

► Final method utilized direct digestion of diluted plasma
► Stable-labeled internal standard utilized
► Method validation met 4/6/15 acceptance criteria
► Validated method compared with ELISA kit for IgG2a

Direct Digestion
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Method R2 LLOQ QC 
(0.500 µg / mL)

MQC
(1.50 µg / mL)

LLOQ QC 
(20.0 µg / mL)

HQC
(40.0 µg / mL)

DQC
(250 µg / mL)

ELISA
Bias (CV)

0.995 -4.13 (10.4) -8.02 (5.87) 7.82 (2.84) 8.50 (3.23) 3.77 (3.03)

LC-MS/MS
Bias (CV)

0.996 -4.12 (4.56) -4.01 (14.8) -1.50 (5.02) 0.505 (3.96) -3.45 (7.65)

Agrawal, K., Hill, R.C., Wilkinson, B.L., Allison, P.B., Thomas, C.E. Anal Bioanal Chem 412, 739–752 (2020)



Pembrolizumab, Revisited
Immunocapture and Digestion
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Analysis
Pembrolizumab Nominal Concentration (µg/mL)

LLOQ QC LQC LMQC MQC HQC DQC
1.00 %Bias 3.00 %Bias 12.5 %Bias 50.0 %Bias 80.0 %Bias 800 %Bias

Surrogate 
Peptide 
Analysis

1.09 9.0 2.93 -2.3 13.3 6.4 53.2 6.4 83.9 4.9 944 18
1.01 1.0 3.12 4.0 12.5 0.0 53.9 7.8 87.2 9.0 937 17
1.10 10.0 3.17 5.7 13.1 4.8 50.8 1.6 84.3 5.4 903 13
1.05 5.0 3.02 0.7 13.4 7.2 52.6 5.2 80.8 1.0 863 7.9
1.07 7.0 3.05 1.7 13.7 9.6 53.1 6.2 79.7 -0.4 797 -0.4
1.16 16.0 3.25 8.3 13.3 6.4 48.9 -2.2 73.3 -8.4 804 0.5

Mean 1.08 3.09 13.2 52.1 81.5 842
%CV 4.7 3.7 3.0 3.6 5.9 6.0
%Bias 8.0 3.0 5.6 4.2 1.9 5.2



Pembrolizumab, Revisited
Intact Analysis
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Analysis
Pembrolizumab Nominal Concentration (µg/mL)

LLOQ QC LQC LMQC MQC HQC DQC

10.00 %
Bias 30.0 %

Bias 80.0 %
Bias 200 %

Bias 400 %
Bias 4000 %

Bias

Intact 
Mass 

Analysis 
XIC 

Approach

11.1 11 28.4 -5 85.8 7 1604 702 365 -9 3274 -18
ND NA 25.9 -14 82.0 3 228 14 377 -6 8332 108
9.80 -2 29.6 -1 122 53 189 -6 379 -5 3440 -14
10.8 8 33.8 13 82.9 4 187 -6 380 111 4018 0
10.2 2 28.4 -5 94.4 18 201 1 393 -2 3798 -5
10.9 9 27.2 -9 84.8 6 203 2 375 -6 3613 -10

Mean 10.5 28.9 86.0 202 378 3628
%CV 5.0 9.4 5.7 8.1 2.3 8.0
%Bias 5.4 -3.7 7.4 0.9 -5.4 -9.2

While statistics look promising, 7/30 individual values failed, and 16/30 values 
demonstrate bias >/= 9%.



Recommendations

► LC-MS assay for biotherapeutics should be as simple and well-controlled as possible
• Use IA cleanup only if required for sensitivity or selectivity
• Use well-controlled modern materials (e.g., rapid trypsins) to ensure robustness

► We are advocating for acceptance criteria for protein LC-MS assays to mirror those 
for LBA, given the same context of use for the data
• LBA criteria of 4-6-20 have been accepted as safe and appropriate for 

biotherapeutics for >15 years. Therefore, why should evolution to different 
technology necessitate tighter acceptance criteria?

• Acceptance criteria should be driven by context of use: safety/efficacy, not 
technique
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Questions/Discussion
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