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Presentation outline

• Introduction on in-vitro relative potency assay

• What are the Critical Reagents 

• How to qualify CR used for the IVRP assay

• Discuss the curve parameter CR control strategy

• Summary
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Qualification of critical reagents for in-vitro potency bioassays 
using Curve Parameter Control Strategy

The scope of this presentation relates to minor changes in the assay critical reagents (e.g., replacement of a new lot or 
verified alternative vendor). Major changes in critical reagents (e.g., Ab from different animal or production line) may 
require a partial or full validation depending on the amount and nature of required assay adjustments.



What is in-vitro relative potency (IVRP) assay?
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• Biological activity (potency) is a critical quality attribute for biologicals as it is based on the drug product or vaccine mechanism of 
action (MOA) and is a regulatory requirement.

• Common uses for a potency assays include:

✓ Lot release

✓ Assessment of stability

✓ Qualification of Reference Standard

✓ Product characterization

✓ Bridging between product manufacturing process (comparability study).

• There are several types of IVRP assays:

✓ Enzyme activity assays

✓ Cell based assays

✓ Binding assays.

• Example for binding assay is Enzyme linked immunosorbent assay (ELISA), which will be the case study in this presentation.



Enzyme linked immunosorbent assay (ELISA)
Competitive ELISA IVRP
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4-parameter logistic (4PL) regression Dose Response curve is used for curve-fitting analysis 
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Y is the assay response
X is the calculated analyte concentration
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Critical reagents used for the IVRP assay
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• Critical Reagents (CR) for the IVRP assay are any reagent that significantly impacts the performance of the assay. They are often 
originating from a biological source and therefore may be prone to production variability.

✓ Proteins

✓ Peptides

✓ Capture or conjugated antibodies

✓ Assay plate coating reagent

✓ Enzymes

• Procedures for CR qualification, replacement and stability monitoring should be implemented to ensure assay consistency.

But How



Available guidance for handling CR
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Currently available guidance that mention CR refer only to bioanalytical assay supporting Pharmacokinetic (PK) studies:

✓ FDA Bioanalytical method validation guidance for industry (updated 2018)

Changes to the critical reagents, such as lot-to-lot changes or switches to another reagent: Assay validation

✓ EMA Guideline on bioanalytical method validation (updated 2011) - This guideline was superseded by ICH M10 (2022)

Changes in critical reagent batch (lot): Assay verification by comparing with the original or previous batch

✓ ICH M10 Bioanalytical method validation and study sample analysis (2022)

For minor change (e.g., change in CR lot): One verification run using 3 QC levels to assess accuracy & precision

For major change (e.g., change in antibody production): Full or partial validation using 5 QC levels

Comparative study with the old and new reagents

Is this 
relevant 
to IVRP



Are the bioanalytical and the IVRP assay comparable?
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• In the absence of specific guidelines for IVRP assays, the regulators and industry sometimes adopt practices from other disciplines as 
qualification of Reference Standard and bioanalytical assays, leaning towards being very extensive validation protocols that burden the QC 
laboratory with multiple assays runs for each replacement of a new CR lot.

✓ Validation of IVRP assay require evaluation of Accuracy & Precision for five potency levels throughout the assay range (e.g., of 50% - 200%).

✓ Comparison between old and new lots using five relative potency levels may require about 20 assay runs!

• CR are NOT Reference Standard and should not be qualified as such:

✓ The RS defines the measurement scale (i.e., it is the ruler of the potency measurement) 

✓ The CR has no impact on the measurement scale, because the CR affect the Refence Standard and Test sample dose response curve in a 
similar way.

• Bioanalytical assay are not relevant to IVRP assays because:

✓ Bioanalytical samples are more complex (e.g., originate from serum matrix)

✓ Bioanalytical samples may very from patient to patient and other factors as time of sample acquisition

✓ Bioanalytical assay is based on a quantitative value calculated from pre-prepared frozen calibration curve

• This is not the case in biological drug products or vaccines, which are well characterized and manufactured according to GMP requirements.

• AND: For IVRP assays the RS and tested sample dose response curves are freshly prepared side by side at similar experimental conditions.



How to qualify CR used for the IVRP assay?
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Risk based approach
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Step 1: Understanding the assay methodology

The CR affect the Refence Standard and Test sample dose response curve in a similar way and therefore 

comparing the old and new CR lots using relative potency samples is not expected to be an effective way for the qualification of a new CR lot.

To minimize the potential change in the assay range upon replacing a CR lot, the new lot should be 

calibrated to maintain the properties of the dose response curve



How to qualify CR used for the IVRP assay? Risk based approach
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Step 2: Identify the assay CR Step 3: Develop a calibration procedure

Calibrate the new CR lot dilution volume to maintain the same 
reagent amount used for the assay as was validated to ensure that 
the dose response curve properties will be maintained 

Antigen

• To maintain the fixed amount of Ag coated on the assay plate

✓ Requires Ag content assay to determine the Ag concentration (µg/mL)

✓ For new reagent lot use this concentration to calculate dilution volume.

• To maintain the fixed amount of Ab used to form the Ag:Ab complex 

✓ Requires an assay to determine Ab concentration (IU/mL) 

✓ For new reagent lot use this concentration to calculate dilution volume.

Low risk 

High risk 
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How to qualify CR used for the IVRP assay? Risk based approach
Step 4: Investigate the impact of the CR on the assay

Case study 1: The influence of Ag amount coated on the assay plate

BSA 
blocking 
reagent

Antigen

Assay 
Plate

• The antigen (Ag) reagent used for coating the IVRP competitive ELISA 
assay plate was monitored by testing its Ag content periodically.

• Over time a reduction in the Ag content was observed for the coating 
reagent in use.

•  At the same time, reduction in the dose response parameter EC50 was 
also observed.

• The influence of the Ag amount coated on the assay plate was 
investigated by coating assay plates with different Ag amounts, starting 
with the assay target amount of 12.8 ng/well, followed by 8, 4 and 2 
ng/well.

Correlation between the Ag amount on the assay plate and the dose 
response curve parameter EC50 was established.
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• It was shown that as the Ag amount on the plate was reduced, the dose 
response curve parameter EC50 was also reduced.
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How to qualify CR used for the IVRP assay? Risk based approach
Step 4: Investigate the impact of the CR on the assay

Case study 2: The influence of the capture Ab amount

Capture 
Antibody

Antigen

• The Ag coated on the assay plate and the Ag in the test sample compete on a fixed amount of 
the capture Ab.

• The influence of the capture antibody (Ab) amount on the assay performance was investigated.
• On the same assay plate several dose response curves were constructed using different 

amounts of Ab above and below the assay target amount of 0.143 IU/mL.  

Correlation between the Ab amount and the dose response curve parameters was established.

Ab target amount: 
0.143 IU/mL

Ab reduced amount:
0.04 IU/mL

• It was shown that as the Ab amount on the plate was reduced, the dose response curve 
parameters of the upper asymptote, EC50 and the slope were influenced as the dose response 
curve characteristics have changed.

Potency level: 
100%
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Run 
No.

Ag amount 
on the 

assay plate 
(ng/well)

Ab amount 
(IU/mL)

Sample  
target 

potency level

Relative accuracy (%)
Acceptance criterion:

80% - 125%

1 2 0.143

50% 99

100% 104

200% 97

2 12.8 0.04

50% 106

100% 98

200% 117

How to qualify CR used for the IVRP assay? Risk based approach
Step 4: Investigate the impact of the CR on the assay

Reduced Ag 
amount

Reduced Ab 
amount

Case study 3: The influence of reduced amounts of the Ag coating reagent and capture Ab on the assay range

• The reduced amounts of the Ag coating reagent or the capture Ab did not affect the accuracy of the potencies across the assay’s range (i.e., 
50% - 200%). Therefore, using validation parameters as accuracy of five potency levels would not be indicative of a problem with the Ag and 
Ab reagents.

For both curves
Ab reduced 

amount:
0.04 IU/mL

Potency level:
100%

Ab target 
amount: 0.143 

IU/mL

Ab reduced 
amount:

0.04 IU/mL

Potency level:
100%

• The dose response parameters (Upper & Lower Asymptotes, Slope & EC50) were shown to be indicative to the suitability of the Ag and 
Ab reagents as they have changed the curve characteristics.



Analytical CMC Consulting, Debby Bartfeld, Ph.D. 14

How to qualify CR used for the IVRP assay? Risk based approach
Step 5: Data collection

Run details Control sample Reagent information

Run No. Run ID Run Date Operator Lab
Plate 

reader ID
Fass/Fail 

SST
Upper 

Asymptote
Lower 

Asymptote
Slope EC50 Lot No.

Storage 
temp.

Storage date
Storage 
location

1 XXXX 05-Apr-22 A R&D 1 Pass 2.600 0.058 -1.476 66.241 AB123 -70ºC 01-Apr-21 FRZ 17

2 YYYY 02-May-22 B R&D 1 Fail 3.024 0.069 -1.578 66.642 AB123 -70ºC 01-Apr-21 FRZ 17

3 ZZZZ 01-Aug-22 C QC 2 Pass 2.705 0.073 -1.504 70.348 AB276 -70ºC 28-Jul-22 FRZ 19

4 AAAA 15-Aug-22 C QC 2 Pass 2.942 0.147 -1.661 78.507 AB276 -70ºC 28-Jul-22 FRZ 19

• Acquire information on the assay CR
✓ Different CR lots

✓ Alternative vendor

✓ Different storage conditions

✓ Container closure

✓ Aliquot volume

✓ Stability etc.

• Build a database and update it for each assay run

Step 6: Calculate control limits
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• Identify critical dose response curve parameters that will be most 
indicative to the assay CR suitability for use.

• Use development and validation data for the control limits 
calculations.
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How to qualify CR used for the IVRP assay? Risk based approach

New CR 
lot

Calibration into the 
assay fixed amount

Verification 
run

Step 7: Performance Verification
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• The verified new CR lot assay suitability will continue to be monitored to ensure that 
the assay is in control as was developed and validated

• The assay database will continue to grow as data from each assay run will be added 
to the database followed by trend analysis to monitor the CR stability  

• It will alert the QC lab of potential CR stability issue prompting an immediate action 
(as replacing a CR lot) before the assay is out of control. 

Step 8: Ongoing monitoring using the curve parameters controls 



Dose Response curve parameters strategy for CR control - Summary
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✓Ongoing monitoring system to ensure that the assay is in control as was developed and validated throughout its lifecycle of use

✓ Simplifies the qualification procedure of new CR lot resulting in significant reduction in QC workload

✓ Facilitates an effective tool to monitor the stability of the CR without a dedicated stability program

✓Provides real time alert for potential problem in the assay CR allowing immediate action. This is an advantage on a “one time” qualification 
procedure that does not inform the suitability of the CR throughout its assay use

The dose response curve parameters CR control strategy:

✓ The assay database and trend analysis can be used as a powerful tool to better understand the assay behavior and help with future investigations.

CR identification & 
characterization

Creating database & 
parameters controls

New CR lot 
calibration

New CR lot 
verification

Ongoing CR monitoring 
by trend analysis
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Thank you for your attention
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