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Introduction 
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Biomarkers are increasingly used for decision-making endpoints at critical stages 
during the lifecycle of a drug candidate.

Central to these recommendations is parallelism.

In recent years recommendations for method development and validation 
have established themselves within the bioanalytical community. These 
recommendations emphasise that:



Introduction: parallelism

Parallelism: A tool used for biomarker characterisation to determine:

– Immunological similarity of endogenous and recombinant analyte.
– Selection and suitability of surrogate matrix and assay buffers.
– Endogenous limits of quantification, MRD & selectivity (matrix effects).

Not to be mistaken for dilutional linearity, although, some similarities in
experimental design.

Use of incurred study sample or target disease population.

Determine as soon as possible.

Parallelism enables a fit-for-purpose approach to development and validation
as arbitrary criteria is avoided. Instead, observed performance of the
endogenous target are used to characterise the assay.



Recommended plate layout for parallelism assessment.

1 2 3 4 5 6 7 8 9 10 11 12
A
B
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D
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G
H

Ind 2_1:64 Ind 3_1:64 Ind 4_1:64 Ind 5_1:64
Ind 2_1:128 Ind 3_1:128 Ind 4_1:128 Ind 5_1:128

Ind 2_1:16 Ind 3_1:16 Ind 4_1:16 Ind 5_1:16
Ind 2_1:32 Ind 3_1:32 Ind 4_1:32 Ind 5_1:32

Ind 2_1:4 Ind 3_1:4 Ind 4_1:4 Ind 5_1:4
Ind 2_1:8 Ind 3_1:8 Ind 4_1:8 Ind 5_1:8

Ind 2 Ind 3 Ind 4 Ind 5
Ind 2_1:2 Ind 3_1:2 Ind 4_1:2 Ind 5_1:2

Std 7
Blk

Ind 1
Ind 1_1:2
Ind 1_1:4
Ind 1_1:8
Ind 1_1:16
Ind 1_1:32
Ind 1_1:64

Ind 1_1:128

Std 1
Std 2
Std 3
Std 4
Std 5
Std 6

Run calibration curve and blank in suitable calibration diluent supplied in a kit or
selected in-house/commercial diluent for homebrew assays (described by Tu
and Bennett 2017).

Assess as many suitable samples as possible. This assessment may span
multiple plates, over multiple days and phases of the study, as samples become
available.

Serially dilute samples 1.5 or 2 fold (depending on anticipated levels) in
calibration diluent. Aim for a minimum of 3 dilutions in range per individual.

Analyse samples in duplicate per dilution level (volume permitting).



Data processing overview 

Determination 
of assay 

parallelism & 
characteristics   

Visually 
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series 
Regression of 

raw data. 



Singulex Erenna plate based method for the determination of 
free analyte in cyno serum.

– Context of use: 
– Pre-candidate, low level validation required for internal decision making. 
– PD marker, looking for a decrease from disease state back to healthy 

endogenous levels. Samples need to be within range.
– Singulex plate based assay (potential for higher %CV).

– Assay Background:
– Commercial recombinant protein used for calibration material.
– Capture and detection reagents raised against human version, cyno 

version is ortholog, sequence similarity >97% and e value of 0.0.
– Ab screening for in-house detection reagent with drug capture.
– All curve, VC and spiked samples prepared on D300e

Case Study 1



Case Study 1

Optimised assay conditions:
– Biotinylated mAb capture coated to streptavidin plate
– Blocking Buffer: SmartBlock
– Calibration diluent: Singulex standard diluent
– Detection reagent: Alexa 647 label pAb
– Detection Buffer: SmartBlock + 2% mouse serum 
– Followed by elution, neutralisation and plate transfer prior to data acquisition.  
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Assay performance: 
– Analytical range: 5,000 – 6 pg/mL
– VC prep: VC1 high spike pool, VC2 = 

pooled serum & VC3 = pool diluted 
1:20 in cal diluent. Spike recovery not 
demonstrated at high level. Until 32 
fold dilution.

Units: pg/mL

Sample ID VC1 VC2 VC3

Conc. 4338 338 16.9

Mean 

Measured 
843 338 17.3

%CV 33.5 34.6 27.6

%RE -80.6 0.0 -2.3

Singulex Erenna plate based method for the determination of 
free analyte in cyno serum.

Units: pg/mL

ID
Pool 

unspiked

Pool + 

1000 spike

Spiked 

Pool (1:32)

Dilution factor 0 0 32

Conc (unadjusted) 296 499 50.6

Conc. Dilution adjusted 296 499 1618

%RE to expected conc. N/A -61.5 24.8

Expected conc. = 1296



Parallelism assessment: back calculated dilution corrected 
data assessed graphically.

It kinda 
looks 

parallel…

Looking at the plotted data gives 
you an idea on assay parallelism 
and that there may be a matrix 
effect in neat serum.

Between 2 and 64 fold 
dilution?

Case Study 1



Then…plot dilution series and determine dilution curve 
characteristics of each individual in relation to calibration 
curve: 

Sample ID Slope R2

Ind 1 0.79 0.97
Ind 2 0.99 0.99
Ind 3 0.88 0.99
Ind 4 1.10 0.94
Ind 5 0.96 0.99
Ind 6 0.85 0.99

Recommended performance 
Slope acceptance: 0.85 to 1.15
r2 acceptance: ≥ 0.98

5/6 within slope criteria and 4/6
within R2 criteria.

Based on these data the
endogenous sample dilutions are
performing in a similar way to the
recombinant curve from 2-fold up to
32 or 64-fold dilution.

Case Study 1



Uncorrected Conc. Pg/mL Uncorrected Conc. Pg/mL
Dilution Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6 Dilution Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6

1 286 191 382 206 310 248 1 286 191 382 206 310 248
2 334 312 343 934 298 207 Provisional MRD 2 334 312 343 934 298 207
4 230 160 196 171 151 104 4 230 160 196 171 151 104 Provisional MRD
8 89 91 86 98 88 61 8 89 91 86 98 88 61

16 43 51 N/A 101 47 N/A 16 43 51 N/A 101 47 N/A
32 34 18 23 22 19 17 32 34 18 23 22 19 17
64 21 10 N/A N/A N/A 8 64 21 10 N/A N/A N/A 8

128 14 6 10 7 10 8 128 14 6 10 7 10 8
Common concentration = 23 pg/mL Limit of detection Common concentration = 23 pg/mL Limit of detection

%RE to 1:2 
dilution

%RE to 1:4 
dilution

Dilution Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6 Dilution Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6
1 -57 -69 -44 -89 -48 -40 1 -68.8 -70.1 -51.3 -69.9 -48.5 -40.2
2 0 0 0 0 0 0 Provisional MRD 2 -27.3 -2.6 -12.6 173.4 -1.2 -0.3
4 37.6 2.7 14.4 -63.4 1.3 0.3 4 0.0 0.0 0.0 0.0 0.0 0.0 Provisional MRD
8 7.2 17.3 0.3 -57.9 17.9 17.5 8 -22.1 14.2 -12.3 15.1 16.4 17.1

16 4.0 30.0 N/A -13.4 25.1 N/A 16 -24.4 27.5 N/A 136.9 23.5 N/A
32 63.5 -7.5 8.4 -61.7 2.9 30.6 32 18.8 -9.9 -5.3 4.8 1.6 30.2
64 96.6 2.3 N/A N/A N/A 26.1 64 42.9 -0.4 N/A N/A N/A 25.7

128 174.9 16.3 79.9 -52.6 117.4 136.9 128 99.7 13.2 57.2 29.6 114.7 136.2

Determination of assay parallelism and assay parameters

Individuals 1 and 4 excluded from assessment, did not meet recommended parallelism criteria (R2 & slope).

Case Study 1

Uncorrected Conc. Pg/mL Uncorrected Conc. Pg/mL
Dilution Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6 Dilution Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6

1 191 382 310 248 1 191 382 310 248
2 312 343 298 207 Provisional MRD 2 312 343 298 207
4 160 196 151 104 4 160 196 151 104 Provisional MRD
8 91 86 88 61 8 91 86 88 61

16 51 N/A 47 N/A 16 51 N/A 47 N/A
32 18 23 19 17 32 18 23 19 17
64 10 64 10 8

128 6 128 6
Common concentration = 23 pg/mL Limit of detection Common concentration = 23 pg/mL Limit of detection

%RE to 1:2 
dilution

%RE to 1:4 
dilution

Dilution Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6 Dilution Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6
1 -69 -44 -48 -40 1 -70.1 -51.3 -48.5 -40.2
2 0 0 0 0 Provisional MRD 2 -2.6 -12.6 -1.2 -0.3
4 2.7 14.4 1.3 0.3 4 0.0 0.0 0.0 0.0 Provisional MRD
8 17.3 0.3 17.9 17.5 8 14.2 -12.3 16.4 17.1

16 30.1 N/A 25.1 N/A 16 27.5 N/A 23.5 N/A
32 -7.5 8.4 2.9 30.6 32 -9.9 -5.3 1.6 30.2
64 2.3 26.1 64 -0.4 25.7

128 16.3 128 13.2

Assessing performance with provisional MRD:

• Demonstrate matrix effects are reduced after 1:2 fold dilution up to ~32-fold. 
Recommended MRD of 2-fold in calibration diluent.

• An endogenous LLOQ of 23 pg/mL (Select lowest conc. that’s parallel to the provisional 
MRD per individual (green), the highest in that series is set as the LLOQ (red circles)). 

• Selectivity is demonstrated in 4 out of 6 (~67%) of individuals assessed.  4 may have 
been an analytical issue.  



Case Study 1 conclusion
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Assay is parallel, despite spiked recovery performance:
• Calibration diluent enables both forms of analyte to perform in a similar way.
• The assay was successfully characterised using parallelism. The MRD, LLOQ 

and selectivity were determined. 

Issues with spike recovery may have been due to multimerization of the analyte, 
suggesting  possible differences between  endogenous and recombinant:
Assay demonstrates selectivity/recovery of endogenous at 1:2 dilution and 
recombinant at 1:32.    
This has little consequence as this only relates to the recombinant protein in 
matrix. 

YES!
All samples screened were measurable  and sufficiently in within range to 
measure decreasing levels.  Assay can be used in a relative-quantitative 
manner.

Do these data support the Context of Use?



MSD method investigating soluble levels of target in a 
mouse model.
Context of use: 

– Pre-candidate, low level validation required for internal decision making. 
– Determine relative levels of shed soluble target in relation to dose level. 
– Potential safety marker – shedding of analyte may activate drug before 

reaching target.

Case Study 2

Assay Background:
– No appropriate commercial or in-house recombinant protein available, only 

a 20 AA peptide sequence.  
– Ab screening for reagent pairs unsuccessful (20 AA, epitope availability).
– Subsequent screening of Abs for capture and a commercially sourced 

Lectin, specific to the targets glycoprotein were identified as suitable 
capture and detection pair. 



MSD method investigating soluble levels of target in a 
mouse model .

Optimised Assay Conditions
– Capture: mAb coated on to MSD standard bind plate in PBS.
– Blocking Buffer: MSD Diluent 41 (recommended for mouse test systems).
– Calibration Diluent: Sea Block demonstrated similar to response to blank 

serum, good analytical range and S:N.
– Lectin and strep-sulfoTAG detection format in 1% BSA in PBS.
– 2 x Read Buffer T. 

Case Study 2

Mouse serum 
spiked analyte 

(pM)

Plate 1 Plate 2
Average 

pM %CV %RE
Average 

pM %CV %RE
10000 9968 5.0 -0.3 9696 1.5 -3.0
1000 939 1.1 -6.1 935 0.6 -6.5
200 145 7.4 -27.5 149 4.8 -25.4

Assay performance:
– Analytical range: 50,000 – 68.6 

pM.
– Good spike recovery across 

range.   



Determination of assay parallelism

Data demonstrated lack of similarity between peptide calibrator and stimulated endogenous
protein. Dilution corrected conc. are non linear to curve and slope characteristics in
endogenous are half compared to the peptide calibrator.

Calibrator does not represent the endogenous analyte, all sample data is quasi-quantitative

Case Study 2

Prior to study sample assessment, endogenous analyte from stimulated cell supernatant was 
sourced and parallelism was determined:  



Case study 2

Determination of assay parallelism
Individuals screened neat and up to 32-fold in calibrator diluent had insufficient levels
upon dilution for parallelism assessment.

Sample screening demonstrates dose dependent (relative) levels of analyte in neat
sample and are in rank order to dose.

Assay successfully demonstrates optimum stimulation and that levels of target analyte are
increased relative to dose on selected stimulation method.



Case Study 2 conclusion
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Assay is non-parallel:
• Lack of appropriate calibration material and possible nonspecific binding of lectin 

detection. If assay is used post-candidate selection, recommend sourcing 
sufficient levels of endogenous protein. 

• Non-parallelism should be investigated (generation of reagents and/or assess 
other platforms).

Spike recovery of calibrator in matrix is of limited use due to lack 
of similarity. Could be used as batch acceptance QCs? 

YES!
Sample screening demonstrate rank ordering in relation to dose. 
Assay can be used in a quasi-quantitative manner i.e. report data 
as ratio of dosed to pre-dosed and/or low dose counterpart.

Do these data support the Context of Use?



Conclusions

Parallelism……

– Enables characterisation of multiple parameters of an assay in one experiment, saving
resource early in drug development process.

– Stops potentially useful assays from being discarded.

– Enables appropriate data interpretation as data are based on endogenous.

– Spiked recovery is of limited use. Performance of spiked recombinant into matrix does not
characterise endogenous analyte in the assay. Spiking into surrogate matrix should be
used as analytical QCs for batch acceptance along side an endogenous QC (admixed
pool).

– Even if the assay doesn't perform as we want it to (like a PK), if the context
of use is supported, the assay is fit-for-purpose.
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Thank you and any questions?
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