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Analysis of molecular entities in body fluids for diagnostic and therapeutic purposes
• Part of laboratory medicine

• 14,000,000,000 laboratory tests per year, supporting 70% of medical decisions worldwide

• typically by highly automated analyzers

• also non-routine analysis, e.g. by LC-MS: “special chemistry”

Largest field of biomarker analysis
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In the University Medical Center Groningen (UMCG), clinical chemistry is part of 
the Department of Laboratory Medicine
• laboratory diagnostics (patient care) / research

• 10 laboratories

• 400 staff

• > 6,000,000 samples/year

• > 600 assays

• Autoanalyzers, LC-UV, IC, ICP-MS, LC-MS, 

GC-MS



Regulatory context (the Netherlands)
• Diagnostic labs need ISO 15189 accreditation (requirements for quality and competence 

in medical laboratories)

• Scientific laboratory standards: CLSI (Clinical and Laboratory Standards Institute), an 

international non-profit professional organization providing standards and guidelines for 

clinical laboratories

• Audits through Dutch Society for Clinical Chemistry (NVKC)

Clinical chemistry 
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Regulatory context 
Coming soon: IVDR, in vitro diagnostic medical devices regulation (EU), applicable per 2022 

but transition period for existing devices until 2025-2027

the health institution must justify that the target patient group’s specific needs cannot be met by 

an equivalent device already on the market

Clinical chemistry 
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Context of use
• Unknown term in clinical chemistry
• Analysis of an individual sample and comparison of the result with a normal range or a 

cut-off value
• Reliability is crucial since many medical decisions are (at least partly) based on the results

• Estimated 40,000 – 80,000 deaths annually from diagnostic errors

• Performance criteria also based on biological variability 
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Human growth hormone (GH)
• Biomarker for diagnosis and treatment of growth disorders

• Growth hormone deficiency (GHD) prevalence ~1:5000 children
• GHD and need for GH replacement therapy diagnosed 

by peak serum GH being below a cutoff value
• Typically measured by automated LBA, ~900 per year in UMCG

• Frequent inconsistencies in results between labs and techniques
because of design of LBA, preparation of calibrators, specificity 
of reagents, matrix differences, interference with binding proteins

• Cutoff values vary between 4 and 8 ng/mL, depending on platform

Eur. J. Endocrinol. (2014) 171, 389-397

no yes
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Human growth hormone (GH)
• Four main isoforms

• GH1-22 kDa (pituitary, ~85%) à of main interest

• GH1-20 kDa (pituitary, ~10%)

• GH2-22 kDa (placental)

• GH2-20 kDa (placental)

• Reference standards differ in composition

• Specificity of LBA reagents generally unknown



Case study: human growth hormone

9

GH1-22 kDa GH1-20 kDa GH2-22 kDa GH2-20 kDa
(191 amino acids) (176 amino acids, (191 amino acids, (176 amino acids,

92% similarity) 93% similarity) 86% similarity)
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GH1-22 kDa GH1-20 kDa GH2-22 kDa GH2-20 kDa
(191 amino acids) (176 amino acids, (191 amino acids, (176 amino acids,

92% similarity) 93% similarity) 86% similarity)

signature peptides for LC-MS

GH1-22 kDa specific total GH specific
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Analytical approach
• Reference standard: recombinant human GH1-22 kDa
• Internal standards: stable isotope labeled signature peptides
• Relevant GH range: 0.5-50 ng/mL in human serum à immunocapture needed
• Capture by mouse anti-human GH antibody, specificity and binding epitope unspecified
• Surrogate matrix: rat plasma
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SNLELLR LHQLAFDTYQEFEEAYIPK

0.5 ng/mL 
in rat plasma

0.5 ng/mL
in human serum
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Quantitative Measurement of Proteins and Peptides by Mass Spectrometry, 1st 
Edition (C64, Clinical and Laboratory Standards Institute), 2021

CLSI: non-profit professional organization providing standards and guidelines for clinical laboratories

C64: recommendations for method development and validation of LC-MS/MS methods for proteins
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Validation parameters:
• Precision (repeatability): 3-5 concentrations across range, 20 days, 2 runs per day, n=2 per run

acceptance limit: CV<15% (but: may depend on analyte and medical decision point)

UMCG: inter-day: 3 concentrations, 10 days, 1 run per day, n=2 per run
intra-day: 3 concentrations, 1 day, 1 run, n=10
preferably all endogenous levels

Inter-day repeatability for LHQLAFDTYQEFEEAYIPK, n=20

Concentration (ng/mL) L (2.05) M (12.1) H (37.1)

CV (%) 4.9 4.2 5.0

Intra-day repeatability for LHQLAFDTYQEFEEAYIPK, n=10

Concentration (ng/mL) L (2.05) M (12.1) H (37.1)

CV (%) 5.9 1.1 2.5
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Validation parameters:
• Precision (reproducibility): 3-5 concentrations across range, 5 days, 5 runs per day, n=5 per run; 

at least 3 lots, operators, instruments
acceptance limit: CV<15%

UMCG, preliminary test: 3 lots of capturing antibody, 3 concentrations, 1 day, n=3 per lot

Reproducibility for LHQLAFDTYQEFEEAYIPK, n=9

Concentration (ng/mL) L (2.05) M (12.1) H (37.1)

CV (%) 5.5 6.3 5.5



Validation parameters:
• Accuracy: comparison to CRM (certified reference material); may be difficult for proteins

UMCG: 3 concentrations in surrogate matrix, 5 days, n=2 per day, using WHO reference standard 
(recombinant GH1-22 kDa)

Accuracy for LHQLAFDTYQEFEEAYIPK, n=10

Concentration (ng/mL) L (2.00) M (10.0) H (35.0)

CV (%) 6.9 2.5 3.9

Bias (%) +7.4 +4.7 +7.6

Validation
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Validation parameters:
• Accuracy: comparison to RMP (reference method procedure), >100 patient samples

acceptance limit: 95% CI of slope between 0.9 and 1.1 (Passing-Bablok regression)
95% CI of intercept includes 0

UMCG: analysis of >40 patient samples with new and reference method

concentration (ng/mL) IDS-iSYS concentration (ng/mL) IDS-iSYS
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both methods:
GH1-22 kDa only

LC-MS:
total GH
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Validation parameters:
• (Spike) recovery:  !"#$%& '()'%)*+,*#() -(.)& /%)&(0%)(.! '()'%)*+,*#() -(.)&'()'%)*+,*#() ,&&%& 𝑥 100%

can be calculated from precision results in case of spiked samples
not mentioned in CLSI guideline

Spike recovery for LHQLAFDTYQEFEEAYIPK, n=20

Concentration (ng/mL) L (2.05) M (12.1) H (37.1)

Spike recovery (%) - 102 94

CV(%) - 5.1 5.3
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Validation parameters:
• LLMI (lower limit of measuring interval): 4 authentic matrices, n=3 on 3 different days

acceptance limit: lowest concentration with CV<20% (but: may depend on analyte and medical decision point)

LLMI for LHQLAFDTYQEFEEAYIPK, n=9

Sample 1 2 3 4

Concentration (ng/mL) 0.542 0.870 0.914 1.31

CV (%) 6.4 9.1 7.7 5.4
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Validation parameters:
• Stability: not prescribed, cover relevant conditions

UMCG: 2 lots of the authentic matrix, n=2, at t=0 and after storage
acceptance limit: traditionally: difference between stored and t=0 <3*SD of precision experiment 

more recently: difference between stored and t=0 <15%

Human serum (endogenous): 
• 27 days at -20˚C and -80˚C
• 3 freeze/thaw cycles between RT and -20˚C or -80˚C
• 24 h at 4˚C and RT

Serum extract:
• 72 h at 10˚C (autosampler)

Rat plasma (spiked):
• 133 days at -20˚C and -80˚C

• 3 freeze/thaw cycles between RT and -20˚C or -80˚C

Stock solution:
• 193 days at -80˚C
• 6 freeze/thaw cycles between RT and -80˚C
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Validation parameters:
• Selectivity and interference: analysis of authentic matrix with and without known interferences 

(concentration 3 times higher than highest expected)
acceptance limit: bias < 15%

• 100-fold molar excess of growth hormone binding protein (GHBP)
• 500, 1000 or 1500 ng/mL biotin (vitamin B7); endogenous levels low ng/mL, higher when patients 

take vitamin supplements, but rarely higher than 500 ng/mL

Interference test for LHQLAFDTYQEFEEAYIPK, n=3

Concentration (ng/mL) L (2.05)

Interference GHBP Biotin (500) Biotin (1000) Biotin (1500)

Bias (%) +5.2 -10.0 -14.7 -22.8

CV (%) 7.7 3.2 4.2 2.8

biotin

biotinylated
capture antibody
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Validation parameters:
• Selectivity and interference: analysis of authentic matrix with and without known interferences 

(concentration 3 times higher than highest expected)
acceptance limit: bias < 15%

• 2 ng/mL of GH1-20 kDa, GH2-22 kDa and GH2-20 kDa

Interference test for LHQLAFDTYQEFEEAYIPK, n=3

Concentration (ng/mL) L (2.05)

Interference GH isoforms (2 ng/mL each)

Bias (%) -0.2

CV (%) 4.1

Interference test for SNLELLR, n=3

Concentration (ng/mL) L (2.05)

Interference GH isoforms (2 ng/mL each)

Bias (%) +73.2

CV (%) 5.5

GH isoforms (partly)
co-extracted
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Validation parameters:
• Selectivity and interference: 

additional check: analysis of serum of 5 women (29th-37th week of pregnancy), no GH1-22 kDa
expected

GH concentrations (ng/mL)

Subject LHQLAFDTYQEFEEAYIPK 
(GH1-22 kDa specific)

SNLELLR 
(total)

1 <0.500 66.0

2 <0.500 58.5

3 <0.500 121

4 <0.500 78.7

5 <0.500 83.0

mainly human chorionic somatomammotropin (HCS):
placental hormone that is only present 
during pregnancy, containing SNLELLR sequence 



Validation parameters:
• Dilution integrity: dilute one set of samples with analyte concentration >ULOQ in authentic matrix and 

one set in surrogate dilution matrix
acceptance limit: change in response proportional to change in concentration, bias from expected <15%

UMCG: dilute matrix sample with high endogenous level with at least 5 dilution factors
acceptance limit: linear regression best fit (goodness of fit test) 
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Dilution integrity for SNLELLR, n=3

Concentration (ng/mL) DIL (82.2)

Bias (%) +2.1

CV (%) 1.3
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Validation parameters:
• Acceptable sample matrices: analysis of two authentic matrix types collected at the same time from 

the same patient, >40 patients 
acceptance limit: 95% CI of slope between 0.9 and 1.1 (passing-Bablok regression)

95% CI of intercept includes 0

UMCG: analysis of 5 different mixtures of 2 authentic matrix types, 2 patients
acceptance limit: linear regression best fit (goodness of fit test) 
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Validation parameters:
• Carry-over: analyze low (L), medium (M) and high (H) concentration samples in the order:

M, H, L, M, M, L, L, H, H, M

UMCG: analyze low (L) and high (H) concentration samples in the order: 
L1 L2 L3 - H1 H2 - L4 - H3 H4 - L5 L6 L7 L8 - H5 H6 - L9 - H7 H8 - L10 - H9 H10 - L11

Calculate mean concentration and SD of L samples preceded by L (L2, L3, L6, L7, L8) – set 1
Calculate mean concentration of L samples preceded by H (L4, L5, L9, L10, L11) – set 2

acceptance limit: difference between set 2 and set 1 < 3*SD of set 1

Acceptable for SNLELLR, not acceptable for LHQLAFDTYQEFEEAYIPK



Conclusion

• Validation guidelines in clinical 
chemistry are provided by 
professional organization

• Specific guidelines exist for proteins 
by LC-MS 

• Science-based and quite flexible
• Some parameters are approached 

differently than in “our world”
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