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Challenges in ADA analysis

 Cut point determination 
 Outlier depletion
 In-study cut points

 Assay controls (including NC, acceptance criteria) 
 Pre-existing antibodies (anti-CCD, anti-PEG) 
 Sensitivity

 Screening assay
 Confirmatory assay

 Drug Tolerance
 Target Interference
 „Fit for purpose“ ADA assays for non-pivotal clinical trials
 Critical reagents for ADA assays 



Cut-Points – Outlier Removal

 FDA:
– To consider the impact of statistically determined outlier values 

and true-positive samples when establishing the cut-point
– To provide justification for the removal of any data points, along 

with the respective method used to determine their status as 
outliers

 Outliers can be grouped in analytical and biological outliers
– Analytical outliers occur if there are one or more aberrant signal 

among all those from the same individual sample
– A biological outlier refers to an individual sample. All values of 

this sample tend to be aberrantly lower or higher than values 
from other individual samples



Cut-Points – Outlier Removal

 Common approach is to eliminate analytical outliers before 
biological ones

 Different methods to identify outliers are used
– Grubbs outlier test for analytical outliers followed by Box Plots 

on means per subject (biological outliers)
– Mixed effect ANOVA model
– Box Plots on subject level residuals (analytical outliers) and 

means per subject (biological outliers)



Analytical Outlier Removal – Grubbs Test

 Analytical outliers occur if there are one or more aberrant log (S/N) 
values among all those from the same subject

 Analytical outliers are removed before the exclusion of biological 
outliers in the following way:
– The log (S/N) ratios of the same subject from the six assay runs are 

evaluated
– An outlier test accommodating the small sample size (n=6) like Grubbs 

test is used
– This is conducted through each subject (n=50) and identified analytical 

outliers are removed

Run Log (S/N) Grubbs Z Value Significant Outlier
1 0.034 0.37435 No
2 0.041 0.08319 No
3 0.029 0.58232 No
4 0.091 1.99654 YES
5 0.027 0.66551 No
6 0.036 0.29116 No

Analytical outlier: To be removed

Downside: Is an oulier test really valid for only 6 values???



Biological Outlier Removal – Box Plots

 A biological outlier occurs if the mean log(S/N) value of a subject is 
aberrantly larger or smaller than mean values of other subjects

– For each Subject the mean log (S/N) is calculated using values from all runs after 
analytical outliers are removed

– The boxplot method is applied to all subject mean log (S/N) values
• Upper criterion: 75th Percentile + 1.5 x (75th Percentile – 25th Percentile)
• Lower criterion: 25th Percentile – 1.5 x (75th Percentile – 25th Percentile)

 The results from identified biological outliers are removed from all assay
runs

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Mean
Individual Sample 1 0.012 0.014 0.013 0.011 0.016 0.01 0.013
Individual Sample 2 0.014 0.012 0.016 0.018 0.015 0.014 0.015
Individual Sample 3 0.011 0.013 0.022 0.018 0.019 0.018 0.017
Individual Sample 4 0.02 0.021 0.019 0.02 0.018 0.019 0.020
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Analytical Outlier Removal – Mixed Effect
ANOVA

1. Fit a mixed-effects model on the log (S/N) values
1. Random effects: Subjects nested within Subject Groups, Run number nested under 

Analyst, and Plate ID
2. Fixed effects: Subject Groups, Analyst, Plate testing order, Subject Group x Analyst 

Interaction
2. Obtain conditional residuals from this model.
3. Use the “outlier box-plot” criteria to identify and remove outliers from the 

conditional residuals



Biological Outlier Removal – Mixed Effect
ANOVA

1. Refit the ANOVA model without these analytical outliers and 
obtain Best Linear Unbiased Predictor (BLUP) for each 
individual sample

2. Use the “outlier box-plot” criteria to identify and remove 
outliers from BLUPs (biological outliers)



Analytical Outlier Removal – Subject Level 
Residuals

• Subject level residuals are defined as the absolute 
value obtained by subtracting each individual (n=6) 
log(S/N) result from its median log(S/N) result

• Analytical outliers are eliminated from all subject level 
residuals (n=50 subjects x 6 runs = 300)

Subject Run log (S/N) Median (log (S/N)) Subject level residuals (log (S/N))
1 1 0,0003 -0,0354 0,0357
2 1 -0,0024 -0,0025 0,0001
3 1 0,0184 0,0358 -0,0174
4 1 0,0391 0,0035 0,0356
. . . . .
. . . . .
. . . . .

50 6 . . .



In-Study Cut-Point

• FDA:
– …it is necessary to confirm that the cut-point determined during 

assay validation is suitable for the population being studied
• It is common practise to establish „in-study cut-points“ if the 

observed ADA incidence in study pre-treatment samples is 
outside the 2-11 % window

• However, there is no harmonized approach of how to 
establish in-study cut-points
– How many pre-treatment samples tested how many times?

• 50 samples 6 times as during validation?
– How to deal with dependent validation parameter (sensitivity; 

LPC; precision; drug tolerance) if in-study cut-points are 
significantly diiferent?



Determination of Assay Sensitivity

 The sensitivity can be calculated by 
interpolating the linear portion of the 
dilution curve to the assay cut-point

 The dilution series should be no greater 
than two- or threefold, and a minimum of 
five dilutions should be tested

 Interpolation unclear
– 4PL or 5PL fit

– Linear regression (how many points)
 To report 

- the mean concentration at the cut-point 
which will lead to a 50 % failure rate of this 
concentration

– Mean + t0.01 x SD guarantees a failure rate 
of 1 %

Concentration Positive Control (µg/mL)

0.00010.0010.010.1110

O
D

 4
5

0 
nm

0.0

0.5

1.0

1.5

2.0

2.5

Cut-Point

4 PL Fit

Concentration Positive Control (µg/mL)

0.00010.0010.010.1110

O
D

 4
50

 n
m

0.0

0.5

1.0

1.5

2.0

2.5

Cut-Point

Linear Regresion



1
2

Final EMA Immunogencity Guideline, 2017
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EMA Immunogenicity Guideline, 2017

The Applicant has to demonstrate that the tolerance of the assay to

the therapeutic exceeds the levels of the therapeutic protein in the

samples for ADA testing. Due to technical limitations it may not be

always possible to develop fully tolerant assays. If this occurs, the

best possible assay should be employed and the approach taken

should be properly justified.
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EMA Immunogenicity Guideline, 2017

10. Summary of the immunogenicity program 

The risk-based immunogenicity program 

5. Assay strategy 
a. Rationale for the choice of assays i. screening, confirmation, and titration 

ii. neutralizing 
iii. other, e.g. immunoglobulin class, sub-class 

b. Specificity and sensitivity of the selected assays in the context of the particular product 
i. selection of the positive control(s) 
ii. determination of the threshold for ADA-positivity 

c. Drug and target tolerance of the assay 
d. Matrix interference in different populations
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FDA Immunogencity Guidance, 2019
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6FDA Immunogencity Guidance

- Drug Tolerance -

IV. ASSAY DESIGN ELEMENTS
C. Sensitivity
2. Drug Tolerance, Sensitivity, and Assay Suitability
The therapeutic protein product or its endogenous counterpart present in the
serum may interfere with the sensitivity of the assay. The assessment of assay
sensitivity in the presence of the expected levels of interfering therapeutic protein
product, also known as the assay’s drug tolerance, is critical to understanding the
sensitivity and suitability of the method for detecting ADA in dosed subjects. FDA
recommends that sponsors examine assay drug tolerance early in assay
development. The sponsor may examine drug tolerance by deliberately adding
different known amounts of positive control antibody into ADA-negative control
samples in the absence or presence of different quantities of the therapeutic
protein product to determine whether the therapeutic protein product interferes
with ADA detection. Results obtained in the absence and presence of different
quantities of the therapeutic protein product under consideration should be
compared. Drug tolerance may be improved using approaches such as acid
dissociation that disrupt circulating ADA-drug complexes.



Drug Tolerance

Concentration Drug (µg/mL)
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Drug Tolereance HPC
Drug Tolereance LPC

 Potential for interference by the drug present in the serum

 Effect of various concentrations of study drug on the HPC, MPC and LPC

should be tested.

 More challenging with ADA sensitivities as low as 10 ng/ml.
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FDA Immunogencity Guidance
- Target Interference -

C. Sensitivity

2. Drug Tolerance, Sensitivity, and Assay Suitability

The selectivity of the assay, the nature of the target, and the type of positive control

should be taken into consideration when developing the assay because these factors

impact the assessment of drug tolerance. For example, acid dissociation may not be

appropriate when antibodies are acid labile or the drug target is soluble.

D. Specificity

The assay should specifically detect anti-mAb antibodies but not the mAb product

itself, soluble drug target, non-specific endogenous antibodies, or antibody reagents

used in the assay
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Assessing Drug Tolerance

Control Drug [µg/ml] RLU 1 RLU 2 Mean 
[RLU] SD [RLU] % CV

LLPC
[4 ng/ml]

1000 47 52 50 4 7,1
500 48 54 51 4 8,3
250 48 57 53 6 12,1
125 52 57 55 4 6,5
62,5 58 62 60 3 4,7
0,0 57 63 60 4 7,1

Control Drug [µg/ml] RLU 1 RLU 2 Mean 
[RLU] SD [RLU] % CV

LLPC2
[6 ng/ml]

1000 45 50 48 4 7,4
500 57 49 53 6 10,7
250 57 53 55 3 5,1
125 60 54 57 4 7,4
62,5 59 57 58 1 2,4
0,0 70 63 67 5 7,4
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Assessing Target Interference

with Target Receptor [5 µg/ml]
RLU 1 RLU 2 Mean [RLU] SD [RLU] % CV

NC+ 2500 ng/ml target 57 57 57 0 0,0
NC+ 1000 ng/ml target 46 42 44 3 6,4
NC+ 250 ng/ml target 42 40 41 1 3,4
NC+ 100 ng/ml target 54 53 54 1 1,3

NC+ 0 ng/ml target 56 53 55 2 3,9

no Target Receptor
RLU 1 RLU 2 Mean [RLU] SD [RLU] % CV

NC+ 2500 ng/ml target 6516 6410 6463 75 1,2
NC+ 1000 ng/ml target 2328 2242 2285 61 2,7
NC+ 250 ng/ml target 549 533 541 11 2,1
NC+ 100 ng/ml target 250 252 251 1 0,6

NC+ 0 ng/ml target 42 45 44 2 4,9
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Assay Summary (extract)

Assay Characteristics Data

Sensitivity 3.4 ng/ml

Type of Cut Point FCP

Confirmatory Cut Point (CCP) [%] 28.2

Titration Cut Point (TCP) 1.58

Drug Tolerance at 1,500 ng/ml >1000 µg/ml

Drug Tolerance at 100 ng/ml >1000 µg/ml

Drug Tolerance at 6 ng/ml 125 µg/ml

Drug Tolerance at 3 ng/ml 500 µg/ml

Target interference (based on NC) 1000 ng/ml



ADA Assay Transfer

 No harmonized procedure which activities are needed during a 
transfer of a validated Immunogenicity assay - in contrast to PK 
assays

 Is a complete revalidation needed - due to interdependencies of 
validation parameter – see „in-study cut-point“?

 Is it sufficient to show that the controls (NC, LPC, HPC) are still 
within their acceptance ranges in the transferred assay?



Fit for Purpose ADA Assays

 FDA indicated that validated ADA assays are only needed for pivotal 
clinical trials (and for high risk therapeutic proteins)

 Assay validation as described in the current guideline is only 
applicable to these cases

 How would a „fit for purpose“ ADA assay look like for non pivotal 
trials?

 Proposal
- Only 3 runs by one analyst for cut-point assessment
- No dedicated determination of assay sensitivity but test 100 ng/mL 

during precision runs
- No acceptance ranges for the controls but all  positive controls need to 

test at or above the assay cut-point (and HPC>LPC)
- Spiked positive controls need to at least show the % inhibition of the 

confirmatory cut-point  



Critical Reagents for ADA Assays
• As immunogenicity assays are not calibrated, the exchange of reagents 

might lead to different assay results
– New lot of (polyclonal) positive control

• Use of monoclonal positive control(s) 
– Labeled drug (e.g. biotin or SulfoTag)

• Use of dedicated vendors for labeling  (instead of usage of kits)
• Might be important to define “release criteria” for new batches of labeled drug

– Pooled matrix serving as negative control
• Store huge amount of negative control pool

• EBF published recommendations recently
– Authors are proposing a decision tree for minor and major changes of critical 

reagent (see next slide)
– Unfortunately no details on the statistical test and its acceptance criteria for 

the comparison of old and new reagents are provided 



Critical Reagents for ADA Assays




