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• ADA = Anti-Drug Antibody 

• ADA immunogenicity testing is a 

regulatory requirement 

• Helps establish the clinical efficacy and 

safety of therapeutic biologics. 

• ADA may accelerate or prolong clearance 

(PK), reduce efficacy, or pose safety risks

• Elevated ADA levels in clinical samples 

are established using two Type I error-

controlled ‘cut points’ calculated using 

drug-naïve (validation) samples. 

What is ADA testing?

ADA-negative

distribution

ADA-positive

distribution

Cut point

Assay Measurement
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ADA screening and confirmation
Two datasets and two stages of testing

Validation data: cut points defined Clinical data: cut points applied

• ~50 blood samples collected on drug 

naïve subjects, believed to be ADA-free

• Clinical samples from subjects after 

receiving the therapeutic

Unspiked
signal > SCP?

Spiked signal 
> CCP

Titrate to 
quantify ADA

ADA ‘free’

ADA ‘free’

Screening Confirmation

Cut point (SCP) =

estimated 95th

percentile of un-

spiked blood signal 

distribution 

Cut point (CCP) =

estimated 99th

percentile of spiked

blood signal 

distribution 
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Example plate map for ADA screening assay
Duplicate analysis limits to ~ 40 samples per plate for screening

Commonly test all samples in duplicate and compute the sample mean

ASSAY

CONTROLS

‘Sa’ =

Sample
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Regulatory Expectations
Number of replicates not specified 



“One should use the same number of test and control sample replicates during 

validation as are used in the assay during routine use.”

<1106> IMMUNOGENICITY ASSAYS - DESIGN AND VALIDATION OF IMMUNOASSAYS TO DETECT ANTI-DRUG ANTIBODIES. Aug 2013
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Regulatory Expectations
USP
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• Clinical ADA testing expensive (~ 100s of plates, 10,000s samples) and time-consuming (~ 

years), 

• Switching to singlicate could ~ halve the costs

• ADA measurements have become much more precise over time

The obvious question
Can ADA testing be done in singlicate?

ASSA 

 O   O S



What has been done before?
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Jiang et. al 2021
The first statistical treatment for tackling the question
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• Tackle the question: How similar would cut points estimated using singlicate validation data be to 

those that would have been estimated using duplicate-averaged data?

• They conclude: If the data are normal, the well-well coefficient of variation < 10%, and well-well 

variability represents < 25% of the total variability, then the impact to the cut point is marginal

• In a case study with the well-well variance comprising ~3% of the total, they find: 

• Screening cut point = 1.19 vs 1.18 

• Confirmatory cut point 19.3% vs 19.4% 

• Open question: How well do these cut points perform when applied to singlicate clinical data?

Jiang et.al 2021 approach



Our contribution
How we chose to frame the question
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How many more ADA positive cases may be missed in singlicate?

• Challenge: the drop in sensitivity depends strongly on the (unknown) mean and SD of the ADA-positive 

distribution and the (estimable) proportion of total variance that is well-well, denoted 𝜔.

• Solution: Compute an upper bound across a ‘large’ family of ADA-positive distributions 

Assay Value



Simulation Study
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• The maximum sensitivity decline 

observed across the family of 

distributions is computed for 

each pixel

• Account for sampling error 

(10,000s simulations per pixel)

How big could the drop in sensitivity be?
ADA stage 1 (screening)
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• The target percentile changes 

from 95 to 99 for confirmation.

• At the black line (the cut point), 

~50% of the ADA positives are 

already being missed in 

duplicate

How big could the drop in sensitivity be?
ADA stage 2 (confirmation)
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• Do we expect ADA positive assay 

responses close to the cut points?

• Do values of 𝜔 exist for which the max 

sensitivity declines are tolerable (e.g. 𝜔 < 

20%)?

• If the answer is no, can we modify the cut 

points to err on the side of caution?

Can we define a region where the loss in sensitivity is acceptable?

How likely are each of these zones to occur in practice?

Green 

Zone

Amber

Zone

Red 

Zone

Increasing separation between true ADA-positive

and true ADA-negative assay responses
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• Lower target percentiles from 

95% to 94% for screening, and 

from 99% to 98% for 

confirmation

• We see an increased size in the 

acceptable 𝜔 regions 

Lowering the target percentile by 1% eliminates sensitivity loss
ADA stages 1 and 2 (screening + confirmation)

Note: Blue pixels indicate gains in sensitivity of > 1%
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• Benefits:

• Sensitivity losses caused by singlicate testing are reduced for all 𝜔

• Increased range of ‘acceptable’ 𝜔 values (e.g. from <20% to <40%)

• Increased number of studies ‘suitable’ for singlicate

• Reduced average cost of ADA testing

• Costs:

• Additional false positives at both stages

• Additional 1% of ADA negatives are tested twice 

• Additional number of false ‘confirmed positives’ (ADA negative samples which both screen and 

confirm positive)

• Important:

• In practice, subjects are screened at multiple timepoints! Sensitivity declines may be lower

The cost/benefit of lowering the target percentiles



Conclusions and next steps
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• The proportion of well-well variability can be estimated for a given dataset!*

• We believe the risk of switching to singlicate can be low, especially if the percentile is 

lowered

Main conclusions
When might we be able to run things in singlicate

Good Bad

proportion of well-well 

variability is low (~10%)

proportion of well-well 

variability is high (>50%)

true ADA-positive assay 

values rarely lie close to 

the cutpoint

true ADA-positive assay 

values commonly lie close 

to the cutpoint
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• Fit mixture distribution jointly to validation and clinical data to estimate means and 

SDs of ADA-positive and ADA-negative distributions:

• Validation data contain only ADA-negative:

• 𝑌− ~ 𝑁(𝜇−, 𝜎−)

• Clinical data contain a mixture of ADA-positive and ADA-negative data

• 𝑌 ~ 𝑝+𝑁(𝜇+, 𝜎+) + (1 − 𝑝+)𝑁(𝜇−, 𝜎−)

• Estimate 𝜇+, 𝜎+ and hence the expected sensitivity loss in real data (account for analyst, plate, 

etc.,)

• Make a go/no-go decision on switching to singlicate

• Do the financial savings of singlicate ADA outweigh the additional practical challenges?

• Either requires ongoing back-and-forth between ADA scientist(s) and statistician(s) 

• Or, requires software development for scientist(s) to use (e.g. Shiny App)

How can we estimate the means and SDs of the distributions?
Mixture distributions


