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Categories of biomarker assay
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Quantitative

Qualitative

Definitive

Relative

Quasi

Biomarker levels determined 
using a reference standard
Reference material is 
representative of test samples 
(parallelism)

Reference material not 
available or not representative 
of test samples 
(non-parallelism)
Biomarker levels expressed in 
terms of a characteristic of the 
test sample (e.g. assay 
signal, titer, % bound) 

Biomarker levels expressed in 
nominal (positive or negative) 
or ordinal terms (e.g. 1 to 5 
scoring scale) 



Biomarker assay parallelism
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Ø Parallelism documents that the concentration/ 
response relationship of the endogenous 
biomarker in the sample matrix from the study 
population is sufficiently similar to that of the 
biomarker reference material in the substitute 
matrix.

Ø Parallelism assessment is similar to a dilutional 
linearity experiment. The major difference is that 
dilutional linearity usually employs control samples 
with a known quantity of analyte spiked into 
analyte-free matrix, while parallelism is performed 
by dilution of (incurred) samples containing 
endogenous analyte.



Biomarker assay parallelism
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Ø With an appropriate design to your parallelism 
assessment, you can gather information regarding 
other key assay parameters such as: 
– Selectivity
– Sensitivity, LOQ
– Assay minimum required dilution (MRD)
– Precision



Assessing parallelism
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Ø Assess endogenous biomarker in patient matrix
– Multiple patient samples 

• minimum 3 patients for exploratory work 
• low validation level

• minimum 6 patients for more advanced work 
• High validation level

• Ideally samples selected should cover the 
(patho)physiological range

• If higher level samples are only obtained during study 
analysis, in-study parallelism should be performed

– Multiple dilutions 
• minimum 3 dilutions falling in range, recommend 5
• Ideally dilutions selected should fall across the entire 

assay range 



Dilution Log(Dilution)
10 1.00
20 1.30
50 1.70
100 2.00
500 2.70

Assessing parallelism
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Ø Example:
– Multiple samples covering (patho)physiological range
– Multiple dilutions falling in assay range

No adjustment 
for dilution
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Ø Plot dilution-adjusted concentration 
– Provides visual assessment of results
– Look for consensus in final concentrations

Results consensus 1/20 to 1/100

Assessing parallelism: a practical approach
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Ø Plot relative error versus lowest dilution
– Adjusts for different biomarker levels

Results consensus 1/20 to 1/100

Assessing parallelism: a practical approach
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Ø Repeat versus next lowest dilution 
– or consensus dilution if clear
– Criteria to assign to parallelism assessment?

Suggests MRD 1/20

Assessing parallelism: a practical approach



Criteria to apply to parallelism assessment
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Ø During early development
– i.e. in the absence of inter-assay precision assessment 

– a priori parallelism acceptance criteria may not be needed

– If criteria required, can apply stringency based on expected 
biological changes and assay precision requirements

– Intra-assay precision can be performed during parallelism 
assessment (multiple replicates of endogenous sample)



Anticipated biomarker changes
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Ø Expected biological change
– Reliable measurement of smaller changes requires more 

stringent assays

Timmerman, Herling, Stoellner et al. Bioanalysis (2012); 4(15): 1883–94 
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Ø Previous example with acceptance of ±20 %RE
– Based on expected biological changes and target assay 

precision of <7%

Criteria to apply to parallelism assessment



Criteria to apply to parallelism assessment
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Ø Where possible, more appropriate to assign criteria 
based on performance of the assay
– Example:

o advanced work with 6 runs, 6 endogenous matrix sample 
replicates per run                                                                  
(3 runs with 6 replicates/run recommended for exploratory 
work)

– Criteria 
o Pass/Fail: ±3*StDev or ±29.4 %RE 
o Warning: ±2*StDev or ±19.6 %RE 

104.7
10.25
9.8
36

Mean	Concentration	(pg/mL)

Inter-Assay	Precision	(%CV)
n

Standard	Deviation



Criteria to apply to parallelism assessment
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Ø Where possible, more appropriate to assign criteria 
based on performance of the assay
– Example:

o 6 runs, 6 endogenous matrix sample replicates per run       
(3 runs with 6 replicates/run recommended for exploratory 
work)

– Criteria 
o Pass/Fail: ±3*StDev or ±29.4 %RE 
o Warning: ±2*StDev or ±19.6 %RE 



http://www.europeanbioanalysisforum.eu 17

Ø Plot log(1/dilution) against log(concentration)

Assessing parallelism: linear regression

Dilution
10 167.2 5646.6 344.3 24231.1 1174.7
20 85.5 2851.3 176.2 12191.4 566.7
50 34.3 1217.8 73.4 5137.4 228.9
100 612.7 37.4 2565.3 116.7
500 123.5 482.4

log(1/Dilution)
-1.00 2.22 3.75 2.54 4.38 3.07
-1.30 1.93 3.46 2.25 4.09 2.75
-1.70 1.54 3.09 1.87 3.71 2.36
-2.00 2.79 1.57 3.41 2.07
-2.70 2.09 2.68

Concentration	(pg/mL)

log(Concentration)
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Ø Assess slope and coefficient of determination (r2)
Dilution

10 167.2 5646.6 344.3 24231.1 1174.7
20 85.5 2851.3 176.2 12191.4 566.7
50 34.3 1217.8 73.4 5137.4 228.9
100 612.7 37.4 2565.3 116.7
500 123.5 482.4

log(1/Dilution)
-1.00 2.22 3.75 2.54 4.38 3.07
-1.30 1.93 3.46 2.25 4.09 2.75
-1.70 1.54 3.09 1.87 3.71 2.36
-2.00 2.79 1.57 3.41 2.07
-2.70 2.09 2.68

slope 0.9852 0.9749 0.9633 0.9987 1.0011
r² 0.9999 0.9998 1.0000 0.9996 0.9997

Concentration	(pg/mL)

log(Concentration)

Acceptance	criteria min max
slope 0.85 1.15
r² 0.98

Parallel

Assessing parallelism: linear regression
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Ø Assess slope and coefficient of determination (r2)

Acceptance	criteria min max
slope 0.85 1.15
r² 0.98

! Need to adjust slope and r2

criteria based on required 
assay stringency !

Assessing parallelism: linear regression



Parallelism: BMV guideline
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ØEMA Guideline on bioanalytical method 
validation (2011) 7.1.1.10. Parallelism says:
– “A high concentration study sample (preferably 

close to Cmax) should be diluted to at least 
three concentrations with blank matrix. The 
precision between samples in a dilution series 
should not exceed 30%.” 

ØThis approach should be avoided!
– precision of dilution series can be misleading…



Parallelism: BMV guideline
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Mean	Conc. Mean	Conc.	x	Fd
(ng/mL) (ng/mL)

Dilution	Factor	
(Fd)

Precision	of	
Series	(%)

20.5

6 159.5 319.0

3 279.6 279.6

12 98.1 392.2

48 29.9 477.7

24 48.4 387.4

<30% - passes EMA BMV criteria

ØExample

BUT…



Parallelism: BMV guideline
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ØSame data with dilution-adjusted RE criteria
– Non-parallel



Parallelism: BMV guideline
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ØSame data with slope and r2 criteria
– Non-parallel

Dilution Concentration	(ng/mL)
3 279.6
6 159.5
12 98.1
24 48.4
48 29.9

log(1/Dilution) log(Concentration)
-0.48 2.45
-0.78 2.20
-1.08 1.99
-1.38 1.69
-1.68 1.48

slope 0.8174
r² 0.9968

Acceptance	criteria min max
slope 0.85 1.15
r² 0.98



Analytical strategies to address non-parallelism
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Ø Common strategies to address non-parallelism in 
our biomarker assays



Analytical strategies to address non-parallelism
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Ø Minimum required dilution (MRD)
– Dilute out matrix effect
– Impact on sensitivity



Analytical strategies to address non-parallelism
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Ø Matrix 
– Use of substitute matrix instead of buffer
– Addition of sample matrix to reference standard



Analytical strategies to address non-parallelism

http://www.europeanbioanalysisforum.eu 27

Ø Reference standard
– Differences in the immunoreactivity between endogenous 

analyte and reference standard 
– e.g. due to structural differences (folding, multimerisation), 

or post-translational modifications (glycosylation pattern, 
phosphorylation)



1 2 3 4 5 6
Dilution

5 431.5
10 549.3 1460.0 822.0
20 546.7 1480.0 766.0 496.0
30 546.0 726.0
40 582.0 688.0
50 467.0 2580.0 6780.0 1150.0 695.0 631.0
100 413.0 2330.0 4430.0 996.0 519.0 407.0
200 1780.0 3980.0 446.0
500 3340.0

log(1/Dilution)
-0.70 1.94
-1.00 1.74 2.16 1.91
-1.30 1.44 1.87 1.58 1.39
-1.48 1.26 1.38
-1.60 1.16 1.24
-1.70 0.97 1.71 2.13 1.36 1.14 1.10
-2.00 0.62 1.37 1.65 1.00 0.72 0.61
-2.30 0.95 1.30 0.35
-2.70 0.82

slope 1.015 1.268 1.289 1.181 1.214 1.103
r² 0.983 0.997 0.994 0.998 0.997 0.950

Parallel? Y N N N N N

Concentration	(ng	eq/mL)

log(Concentration)

Analytical strategies to address non-parallelism
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Ø Capture/detection reagents (commercial ELISA kit) 

Acceptance	criteria min max
slope 0.85 1.15
r² 0.98



Analytical strategies to address non-parallelism
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Ø Capture/detection reagents
– ELISA using different antibodies 

Acceptance	criteria min max
slope 0.85 1.15
r² 0.98

1 2 3 4 5 6
Dilution

20 0.5 2.7 72.8 33.8 23.7 27.2
50 3.0 61.8 31.3 21.1 25.3
100 2.9 60.8 32.0 21.6 25.8
200 2.5 62.2 30.1 22.8 25.8
500 62.7 31.5 23.2 27.2
1000 61.6 31.1 22.5 26.1
2000 60.3 32.2 24.1

log(1/Dilution)
-1.30 -1.63 -0.87 0.56 0.23 0.07 0.13
-1.70 -1.22 0.09 -0.20 -0.37 -0.30
-2.00 -1.54 -0.22 -0.49 -0.67 -0.59
-2.30 -1.91 -0.51 -0.82 -0.94 -0.89
-2.70 -0.90 -1.20 -1.33 -1.26
-3.00 -1.21 -1.51 -1.65 -1.58
-3.30 -1.52 -1.79 -1.92

slope 1.040 1.026 1.008 0.998 1.011
r² 0.995 0.999 1.000 0.999 0.999

Parallel? Y Y Y Y Y Y

log(Concentration)

Concentration	(ng	eq/mL)



Analytical strategies to address non-parallelism
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Ø Instrumentation

Dilution 1/Dilution
1 1
2 0.5
4 0.25
8 0.125
16 0.0625
32 0.0313
64 0.0156



Analytical strategies to address non-parallelism
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Ø Common strategies to address non-parallelism in 
our biomarker assays

Ø Minimum required dilution (MRD)
Ø Matrix 
Ø Reference standard
Ø Capture/detection reagents
Ø Instrumentation



Conclusions
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Ø Proper parallelism assessment for biomarker 
assays during development and validation enables 
appropriate data interpretation.

Ø If non-parallelism is encountered, there are a 
number of analytical strategies to explore that may 
address the issue.

Ø If parallelism cannot be demonstrated, then a 
quasi-quantitative or qualitative approach should 
be taken.



Thank you for your attention!
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Ø Definitive Quantitative Assay
– An assay with well-characterized reference standards, which 

represents the endogenous biomarker, and uses a 
response/concentration standardization function to calculate the 
absolute quantitative values for unknown samples.

Ø Relative Quantitative Assay 
– A method which uses calibrators with a response/concentration 

calibration function to calculate the values for unknown samples. 
The quantification is considered relative because the reference 
standard is either not well characterized, not available in a pure 
form, or is not fully representative of the endogenous biomarker.



Categories of biomarker assay
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Ø Quasi-Quantitative Assay
– Quasi: possesses certain attributes.
– A method that has no calibrator, has a continuous response, and 

the analytical result is expressed in terms of a characteristic of 
the test sample. An example would be an antidrug antibody 
assay that is express as titer or % bound.

Ø Qualitative Assay
– The assay readout does not have a continuous proportionality 

relationship to the amount of analyte in a sample; the data is 
categorical in nature. Data may be nominal (positive or negative) 
such as presence or absence of a gene or gene product. 
Alternatively, data might be ordinal, with discrete scoring scales 
(e.g. 1 to 5, -/+, +++), such as immunohistochemistry assays.


