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Dilution Linearity & Hook Effect



Paragraphs from ICH M10

4.2.6 Dilution Linearity and Hook Effect 
Ø Due to the narrow assay range in many LBAs, study samples may require dilution in 

order to achieve analyte concentrations within the range of the assay. 
Ø Dilution linearity is assessed to confirm: (i) that measured concentrations are not 

affected by dilution within the calibration range and (ii) that sample concentrations 
above the ULOQ of a calibration curve are not impacted by hook effect (i.e., a signal 
suppression caused by high concentrations of the analyte), whereby yielding an 
erroneous result.

Ø The same matrix as that of the study sample should be used for preparation of the 
QCs for dilution.
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Paragraphs from ICH M10

4.2.6 Dilution Linearity and Hook Effect 
Ø Dilution linearity should be demonstrated by generating a dilution QC, i.e., spiking the 

matrix with an analyte concentration above the ULOQ, analysed undiluted (for hook 
effect) and diluting this sample (to at least 3 different dilution factors) with blank 
matrix to a concentration within the calibration range. For each dilution factor tested, 
at least 3 runs should be performed using the number of replicates that will be used in 
sample analysis. The absence or presence of response reduction (hook effect) is 
checked in the dilution QCs and, if observed, measures should be taken to eliminate 
response reduction during the analysis of study samples.

Ø The calculated concentration for each dilution should be within ±20% of the 
nominal concentration after correction for dilution and the precision of the final 
concentrations across all the dilutions should not exceed 20%. 

Ø The dilution factor(s) applied during study sample analysis should be within the 
range of dilution factors evaluated during validation.
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Dilutional Linearity & Hook Effect – Changes to 
Current Guidance/Guidelines
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EMA, 2011 FDA, 2018

7.1.1.9. Dilutional linearity
Because the narrow range of the calibration standard 
curve, it is necessary to demonstrate with QC samples 
that the analyte of interest, when present in 
concentrations exceeding the range of quantification 
(above ULOQ), can be accurately measured by the assay 
after dilution in blank matrix to bring the analyte
concentrations into the validated range for analysis. An 
additional reason for conducting dilutional experiments is 
to detect a possible prozone or “hook effect”

8. Dilution Effects 
If the method measures diluted samples, the integrity of 
the dilution should be monitored during validation by 
diluting QC samples above the ULOQ with like matrix to 
bring to within quantitation range, and the accuracy and 
precision of these diluted QCs should be demonstrated.  
Dilutions used during the validation should mimic the 
expected dilutions in the study.  The prozone effect should 
be demonstrated in LBAs.  Refer to the specific 
recommendations and acceptance criteria in Table 1. 



Dilutional Linearity & Hook Effect – Changes to 
Current Guidance/Guidelines
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MHLW, 2014 ANVISA*, 2012 CFDA*, 2015

Dilutional linearity is assessed to confirm the 
following: (i) the method can appropriately 
analyze samples at concentrations exceeding 
the ULOQ of a calibration curve without 
influence of a hook effect or prozone; (ii) 
measured concentrations are not affected by 
dilution within the calibration range. Dilutional 
linearity is evaluated by analyzing a QC 
sample exceeding the ULOQ of a calibration 
curve and its serial dilutions at multiple 
concentrations.

In the case of reanalysis 
runs with diluted samples, 
DQC (dilution quality 
control) samples shall be 
included

Dilution Reliability
• Dilution of samples should not interfere with the 
accuracy and precision.
• Dilution reliability should be demonstrated by 
spiking the matrix with an analyte concentration 
above the ULOQ and dilution of this sample with 
blank matrix (at least five determinations per 
dilution factor).
• Accuracy and precision should be within ±15%.
• Dilution reliability should cover the applied 
dilution of the study samples. 

* Non-official translation



Dilutional Linearity & Hook Effect – EBF position 
on the subject

Ø EBF Focus Workshop, Lisbon 2017:
– Robert Nelson, Dilution Linearity & Parallelism

o http://www.e-b-f.eu/wp-content/uploads/2018/06/fw201709-25.-Robert-Nelson-Dilution-
linearity-parallelism.pdf
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Dilutional Linearity & Hook Effect – EBF position 
on the subject
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Dilutional Linearity & Hook Effect – EBF position 
on the subject
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Dilutional Linearity & Hook Effect - Feedback from 
EBF Strategy Meeting

Ø Due to the narrow assay range in many LBAs… 
– It’s not really the narrow assay range (standard curve range) but the fact that 

there is a large range of drug concentrations in vivo.

Ø diluting this sample … with blank matrix
– Do we always use blank matrix to dilute sample? Can we use assay buffer 

spiked with blank matrix at MRD concentration? 
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Dilutional Linearity & Hook Effect - Feedback from 
EBF Strategy Meeting

Ø …at least 3 runs should be performed 
– at least 3 independently prepared dilutions should be analysed
– If you want to show that dilutions are carried out accurately and precisely, 

then go via more replicates than 1 (e.g. 3), but not via 3 runs
– Where does it come from? No other guideline asks for 3 runs. Strongly 

suggest to use EMA BMV wording on Dilution Linearity.

Ø … The calculated concentration for each dilution should be within ±20% of the 
nominal concentration after correction for dilution
– each dilution within the range of the assay 
– Clarify that this should be for concentrations within the analytical range only
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Dilutional Linearity & Hook Effect - Feedback from 
Delegates
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different guidelines approach this topic differently 
(e.g. EMA vs FDA). Suggest using EMA wording 
OR providing a clear rationale of why "at least 3 
runs" should be performed (e.g. to demonstrate 
reproducibility of sample dilution?)

Should be allowed to use buffer for 
dilution instead of matrix if proven 
valid in order to save matrix (3R)

Hook effect: all one step immunoassays have an hook effect. This 
format might be required in many cases and thus in some cases a 
hook effect cannot be excluded. The guideline should therefore state 
that hook effect should be evaluated and if observed measures should 
be implemented to exclude any erroneous result (e.g. by analysis of 
multiple dilutions) -> maybe this is only a question of "clarification" of 
the exact meaning of the current wording.



Dilutional Linearity & Hook Effect - Feedback from 
Delegates
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please rephrase to "… measures 
should be taken to ensure correct 
drug quantification by e.g. analyzing
samples above the working range of 
the method in several dilutions 
(deviation between dilutions <20%)."

why not using the same precision 
criteria as for parallelism, i.e. 30%

The statement "due to the narrow assay 
range" is not fully correct. There are plenty 
of LBA technology with calibration ranges 
of >3 orders of magnitude. Dilution is more 
often needed due to the low sensitivity of 
the LBA assays

please rephrase "at least 3 runs 
should be performed" to "at least 3 
independently prepared dilutions 
should be analysed"

3 runs or 3 times in one run? 
No dilution below the range?



Suggested comment to EMA/EWG
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Final recommendation from this 
presentation, which combines the original 

recommendation enhanced with the 
discussions from the panel discussions 
during the meeting, are captured in the 

summary slide deck: Recommendations 
from the EBF Spring FW 2019
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Parallelism



Paragraph from ICH M10

7.1.4 Parallelism
Ø Parallelism should be evaluated in the Surrogate Matrix and Surrogate Analyte 

Approaches by means of the Standard Addition approach, spike recovery or dilutional 
linearity.
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Paragraph from ICH M10

7.2 Parallelism 
Ø Parallelism is defined as a parallel relationship between the calibration curve and 

serially diluted study samples to detect any influence of dilution on analyte 
measurement. 

Ø Although lack of parallelism is a rare occurrence for PK assays, parallelism of LBA 
should be evaluated on a case-by-case basis, e.g., where interference caused by a 
matrix component (e.g., presence of endogenous binding protein) is suspected during 
study sample analysis. 

Ø Parallelism investigation or the justification for its absence should be included in the 
Bioanalytical Report. 
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Paragraph from ICH M10

7.2 Parallelism 
Ø As parallelism assessments are rarely possible during method development and method 

validation due to the unavailability of study samples and parallelism is strictly linked to the 
study samples (i.e., an assay may have perfectly suitable parallelism for a certain 
population of samples, yet lack it for another population), these experiments should be 
conducted during the analysis of the study samples. 

Ø A high concentration study sample (preferably close to Cmax) should be diluted to 
at least three concentrations with blank matrix. 

Ø The precision between samples in a dilution series should not exceed 30%. 
However, when applying the 30% criterion, data should be carefully monitored as 
results that pass this criterion may still reveal trends of non-parallelism. 

Ø In the case that the sample does not dilute linearly (i.e., in a non-parallel manner), a 
procedure for reporting a result should be defined a priori.
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Parallelism – Changes to Current Guidance/Guidelines
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EMA, 2011 FDA, 2018

7.1.1.10. Parallelism 
If study samples are available, parallelism between 
the calibration standard curve and serially diluted 
study samples should be assessed to detect possible 
matrix effect or differing affinities for metabolites. 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%

4. Selectivity and Specificity
Matrix effects evaluation involves comparing calibration curves in 
multiple sources of the biological matrix against a calibration curve in 
the matrix for parallelism (serial dilution of incurred samples) and 
nonspecific binding. 

A. Endogenous Compounds 
Parallelism should be evaluated for assays for endogenous 
compounds. 

Table 1. 
Validation Recommendations
Investigate parallelism (for endogenous products). 
In Study Analysis Recommendations
Parallelism should be conducted if not done during validation. 



Parallelism – Changes to Current Guidance/Guidelines
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Parallelism – EBF position on the subject

– Robert Nelson, Dilution Linearity & Parallelism
o http://www.e-b-f.eu/wp-content/uploads/2018/06/fw201709-25.-Robert-Nelson-Dilution-

linearity-parallelism.pdf
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http://www.e-b-f.eu/wp-content/uploads/2018/06/fw201709-25.-Robert-Nelson-Dilution-linearity-parallelism.pdf


Parallelism – EBF position on the subject
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Parallelism – EBF position on the subject
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Parallelism – EBF position on the subject



Parallelism – Feedback from EBF Strategy 
Meeting

Ø a procedure for reporting a result should be defined a priori.
– It may be difficult to give a general, detailed, a priori procedure for different 

studies/methods. The reason and impact on the study in question should 
rather be evaluated case-by-case

Ø How many samples should be analyzed for paralellism (10?)

Ø Use of matrix containing the endogenous binding protein (e.g. soluble target) 
will automatically result in failed parallelism (due to formation of complexes) in 
case of target capture/free drug assays
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Parallelism – Feedback from Delegates
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Use of matrix containing the endogenous binding 
protein (e.g. soluble target) might result in failed 
parallelism (due to formation of complexes) in case 
of target capture/free drug assays. These 
considerations are only valid for "total drug" assays!

Clarify how many samples should 
be analyzed for parallelism?

7.1.4 Parallelism: The 
paragraph could be 
combined to 7.2

What should we include in 
the justification and what 
investigations are expected?



Suggested comment to EMA/EWG
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Final recommendation from this 
presentation, which combines the original 

recommendation enhanced with the 
discussions from the panel discussions 
during the meeting, are captured in the 

summary slide deck: Recommendations 
from the EBF Spring FW 2019
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