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Assays based on quantitative responses
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Indirect dilution assay

Common structure

• X = several preparations & doses

• Y = single or repeated measurements
Y = f (X)

Regression models
in CombiStats

Ph. Eur. Chapter 5.3 Statistical analysis 

of results of biological assays and tests

Quantitative responses

Y = continuous/discrete data

E.g. ELISA (absorbance)
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Application

Ref. preparation 
known concentration

Test preparation(s) 
conc. to be determined

Several preparations

RP

Test prep.: candidate IS, 
CRM or BRP, manufactured 
batches, etc.

Test Preparation

- Relative Potency (RP) ~ 1/4

- Potency ~ 0.1 IU/mL

Ref. prep.: international standard 
(IS), certified reference material 
(CRM), biological reference 
preparation (BRP), etc.
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Steps of statistical analysis

Describe data
basics statistics & plots

Check
Validity

Fit regression 
model

Interpret results
summary tables & plots

Refine model
e.g. data transf.

PASS

FAIL

Data description 

Purpose

• Check/correct any typos

• Assess data distribution (normal)

• Detect outliers, trend

How

• Overview of raw data table

• Basic statistics (mean, std, …) 

• Scatterplot
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Data description
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Regression models

Y resp.

Y = f(X)

Parallel 
lines

Sigmoid 
curves

Slope 
ratio

Quantal
analysis

Dil. pts

Binary (0/1)
(raw data)

or
Proportions
(aggregated) 

Quantitative

Y = f[Log(Dose)]
(log scale on x-axis)

Linear range
(3 to 5 dil. points)

Linear range
+ asymptotes

(6 to 12 dil. points)

Ref

Spl
Ref

Spl Spl

Ref

Spl

Ref

Y = f(Dose)

From assay development

 to routine activities
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Model validity

PLA and SRA = linear regression lines (Y = a + b X + error) 
Independent data, normally distributed
with same variance across dose range

Significant regression required
(see Anova)

Flat slope = higher uncertainty 
about potency results

“Good fit”: the straight line best summarises data: visual 
check (regression plot, residual plot) and Anova (non-
linearity contrast)

- PLA: common slope => “Good parallelism” between 
reg. lines (visual check + Anova non-parallelism)

- SRA: common intercept (visual check + Anova intercept 
contrast



10 © EDQM, Council of Europe, 2024. All rights reserved.

Content

• Introduction

• Parallel-line analysis 

• Slope-ratio analysis

• 4-parameter logistic model

• 5-parameter logistic model

• 3-parameter exponential model



11 © EDQM, Council of Europe, 2024. All rights reserved.

Model validity, ex 1.1

One outlier (scaled residual > 3)
Check SOP to see how to proceed

Comparison of slopes: non-parallelism contrast 
(Anova) or equivalence testing approach (not both)

Lack of linearity? No (NS)

Lack of parallelism? No (NS)
Significant slope? Yes (***)
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Model validity, ex 1.1

Robust regression to alleviate the potential negative effect of the outlier

classical regression (with outlier)

robust regression (with outlier)

classical regression (without outlier)

Robust regression: in-between 
solution when outliers are kept 
in the data set 
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Comparison of slopes (1)

Average plot > parallelism looks good

Individual slopes > ratios are indeed close to 1

Anova > however, non-parallelism is significant (*)

What is going wrong?

Low variability between rep. (very 
good repeatability) = over sensitive 
statistical tests (Anova) = detection 
of signals (non-lin, non-par) of no 

practical relevance…

Pooled SD = sqrt(0.00065) = 0.0255

Stat. test = 
signal/error

0.003325
0.000650

= 5.11538
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Comparison of slopes (2)

• Option 1: difference testing approach

   = non-parallelism contrast (Anova table)

• Option 2: equivalence testing approach

   = requires predefined equivalence margins (±Ɵ)

1 +-

Equivalent

Equivalent

Inconclusive

Non-equivalent

Tested against residual error, i.e. 
variance between replicates

Low variance (high repeatability)
=> stat test likely to wrongly reject an 
assay where individual slopes are close

Use differences or ratios (not both)

Use option 1 or option 2 (not both)
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Model validity, ex 3

This assay is invalid… There is a 
lack of parallelism between the 
standard and one test preparation

Two products are similar if they act as dilution of the same 
substance, i.e. implies parallelism on log(dose)

Non-parallel lines may suggest problems with:

- Performance of the method, and/or

- Manufacturing process (product has changed!)
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Model validity, ex 2.1

This linear regression model is invalid… I can see it from the graphical representations

Anova.

Y = a + b X + error 

Non-linearity has 3 *** Invalidity is confirmed

A quadratic term (***) could be added: Y = a + b X + c X² + error 

The slope is significant but…

Would a quadratic model be enough? Yes, lack of quadratic fit is NS 

Y: measurements; a: intercept; b: slope; X: log(dose); X²: [log(dose)]²; error: variability between replicates 
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Model validity, ex 2.2

This linear regression model is valid… I can see it from the graphical representations

Anova.

Non-linearity is NS

Quadratic term is NS

The slope is significant and…

How to improve 
model adequacy?

A data 
transformation

can help
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Potency results, ex 1

Precise enough? On target?

Pharm. Eur.

Precision. Unless otherwise stated in the monograph, the 
confidence limits (P = 0.95) are not less than XX per cent 
and not more than YY per cent of the estimated potency.

Expected value, e.g. formulation target 

Recovery. The mean recovery must not be lower 
than XX per cent or above YY per cent.

The amount is not less than XX per cent and not 
greater than YY per cent of the intended content.
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Subset analysis (SA)

A new analysis option for PLA models

• Goal: find a subset of doses for which non-linearity and non-parallelism contrasts are NS (and the 
regression is significant…)

• When is it available? significant non-linearity and/or non-parallelism contrasts (all doses)

non-linearity issue (all doses)

Subset
analysis

6 doses retained
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SA > Export to Excel

Label 0: invalid regression model (all doses)

Label 1D: remove 1 dose (keep consecutive doses) => regression models remain invalid

Label 2D: remove 2 doses (keep consecutive doses) => 2 models are valid

 Final model? steepest slope or highest R² (user’s decision) 

Label 3D? The subset analysis stopped at 2D because a valid model was found
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SA > several preparations

Drop: remove the 
same dose number 

Shift: remove a 
different dose 

number 

In any case, keep 
contiguous doses 

E.g. Shift & Drop

Label 1 (1 dose removed)

Cases 2, 3, 4, 5 will be tested

If one case is valid, then stop

Label 2 otherwise (cases 6 to 12)

…

Label k: a minimum of 3 doses

Further details in FAQ

https://combistats.edqm.eu/faq/link/64/

When to use the subset analysis

- Assay development?

- Routine testing?

https://combistats.edqm.eu/faq/link/64/
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Main differences with PLA

• x-axis: doses reported on an 
additive (arithmetic) scale

Doses > 0, 1, 2 and 3 IU

Zero-dose possible
(on contrary to PLA) 

common 
intercept

Two products are similar if they act 
as dilution of the same substance, 

i.e. implies common intercepts 
when x-axis = doses

PLA
Common slope
(parallelism)

SRA
Common intercept

(intersection)

Lack of linearity? No 
(non-linearity NS)

Common intercept ? Yes 
(intersection NS)

Significant slopes? Yes 
(regression ***)
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Comparison of intercepts

• Option 1: difference testing approach

   = intersection contrast in Anova table

• Option 2: equivalence testing approach

   = requires predefined equivalence margins (±Ɵ)

0 +-

Equivalent

Equivalent

Inconclusive

Non-equivalent

Tested against residual error, i.e. variance 
between replicates.

Low variance (high repeatability) => stat test 
likely to wrongly reject an assay where 
intercepts are quite close

Use option 1 or option 2 (not both)
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4PL – dose-response relationship

Symmetrical S-shaped curve

• One to two concentrations for each asymptotes

• Three to four concentrations for linear part of the 
curve

Assays: ELISA or cell-based potency assays

where     D: lower asymptote
    A: upper asymptote
    C: inflection point (=ED50)
    B: slope parameter

𝑹𝒆𝒔𝒑𝒐𝒏𝒔𝒆 = 𝑫 +
𝑨 − 𝑫

𝟏 + 𝒆𝒙𝒑 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆 − 𝑪
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4PL - Potency

Assumptions

Reference and Test have the same biological 
activity

• Common slope, lower and upper asymptotes are 
the same (constrained model)

Visual verification 

• Similar behaviour across the whole range of doses 

Check assay validity criteria

• Variability of response data is the same for each 
dose and follows normal distribution

Check residual plot

Relative Potency

     largest distance between preparations
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4PL – Assay validity criteria

Linearisation of dose-response 
relationship via logit transformation 
(default)

Analysis of variance (ANOVA) 
performed on linearised data to 
access assay validity

Validity criteria

• The p-value for regression is significant

• The p-value for non-parallelism is not significant

• The p-value for non-linearity is not significant 
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4PL assumption: constant variability at each dose

Assumption 

Variability of response data is 

the same for each dose and 

follows normal distribution

Verification

Similar variability over doses: inspect residual plot

same dispersion of the points around the vertical line 

Normal distribution not enough data to evaluate
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4PL – create a record

Taskbar in editor

2. Enter the record name, select destination folder and set-up

1. Create a new record
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4PL – data entry

https://combistats.edqm.eu/help/

EN01 Information And Remarks
EN02 Taskbar 
EN05 Preparations Table
EN06 Rawdata Tables
EN07 Show Design
EN08 Table of Blank Results

https://combistats.edqm.eu/help/
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4PL – Wizard and Advanced options EN03 Wizard Options
EN04 Advanced Options

Responses can be 
transformed prior 

applying linearising 
transformation

If observed 
residuals cannot be 
calculated or are 

not representative 
other options are 

available

Wizard Advanced options

3 model parameters can be fixed:
          

          Addition = lower asymptote
   Multiplication = upper – lower asymptote

Slope/intercept

New record: 95%
Imported from Desktop: 90%

Weighing regression may help 
to stabilise the residuals over 

the range of responses.
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4PL example: log + logit transformation

Variability is higher at higher response 4PL on log-transformed responses
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Linearising transformations

Logit: symmetrical with long tails (default  for quantitative response) 

Probit:  symmetrical with short tails

Angular: symmetrical without tails

Rectangular: shaped like straight lines (not used anymore)

Gompit: asymmetrical with one long tail and one short tail
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4PL – Graphical presentation EN13 Graphical Representations

Model plot (linearised) useful if 
non-linearity or non-parallelism 
criteria not met

Residual plot useful to check 
- variability over the dose range
- outliers
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4PL - Summary statistics

EN10 Regression Parameters
EN11 ANOVA Table
EN12 Equivalence of Slope
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4PL - Potency and effective dose values

Precision Recovery

Advanced options

EN15 Potency Estimates
EN16 Effective Dose & Prediction
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Parallel lines model as special case of 4PL

New feature in Online version

Subset analysis

may help in dose selection

Parallel line model4PL model

Change 
model

in 
Wizard

Subset
set-up

in
Advance 
options
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5PL – dose-response relationship

Asymmetrical S-shaped curve

• One to two concentrations for each 
asymptotes

• Three to four concentrations for middle 
part of the curve

Assays: ELISA or cell-based potency 
assays

where     D:  upper asymptote
    A:  lower asymptote
    C:  location parameter(≠ ED50)
    B:  Slope
    G: Asymmetry factor

𝑹𝒆𝒔𝒑𝒐𝒏𝒔𝒆 = 𝑫 +
𝑨 − 𝑫

𝟏 + 𝒆𝒙𝒑 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆 − 𝑪
𝑮
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5PL – 4PL comparison
Model R²

Lower 
asymptote 

Upper 
asymptote

ED50

5PL 0.994 0.048 3.36 0.244 IU

4PL 0.988 0.207 3.52 0.261 IU

5PL 4PL



42 © EDQM, Council of Europe, 2024. All rights reserved.

5PL – Creation and evaluation in CombiStats online

Model = Asymmetric sigmoid curves (ln dose)

Analysis options are the same as for 4PL 
model except for linearising 

transformation
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Parallel line model for routine testing

5PL – middle section not linear

? 

PL - transformed response

New feature Subset analysis

may help in dose selection

Change model
and 

transformation
in 

Wizard

Subset
set-up

in
Advance 
options

Middle section (section of the steepest slope) is often not linear for 
asymmetrical sigmoid models. An appropriate transformation to be 
applied for parallel line model.



44 © EDQM, Council of Europe, 2024. All rights reserved.

Content

• Introduction

• Parallel-line analysis 

• Slope-ratio analysis

• 4-parameter logistic model

• 5-parameter logistic model

• 3-parameter exponential model



45 © EDQM, Council of Europe, 2024. All rights reserved.

3PM – dose-response relationship

Modelling exponential growth

No upper asymptote as in 4PL and 5PL 

Assay: 

Hepatitis B vaccine (A3.29), 

Yellow fever vaccine (A3.23), plaque forming units 

where     D: addition
    A: multiplication
    C: location parameter
    B: slope parameter

𝑹𝒆𝒔𝒑𝒐𝒏𝒔𝒆 = 𝑫 + 𝑨 ∗ 𝒆𝒙𝒑 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆 − 𝑪
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If D=0 and A=1

3PM – modelling exponential growth 

Usually, variability of response increases with 
higher response values and needs to be 
stabilised.

Case 1: responses are based on counting of 
events in a Poisson or Poisson-like process 

 Weighted regression (1/m)

Case 2: responses are based on exponential 
distribution 

 Weighted regression (1/m²)

𝑹𝒆𝒔𝒑𝒐𝒏𝒔𝒆 = 𝒆𝒙𝒑 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆 − 𝑪

𝒍𝒏 𝑹𝒆𝒔𝒑𝒐𝒏𝒔𝒆 = 𝒍𝒏 𝒆𝒙𝒑 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆 − 𝑪

       = 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆 − 𝑪
= 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆 − 𝑩 ∗ 𝑪
= −𝑩 ∗ 𝑪 + 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆

intercept slope

𝑹𝒆𝒔𝒑𝒐𝒏𝒔𝒆 = 𝑫 + 𝑨 ∗ 𝒆𝒙𝒑 𝑩 ∗ 𝒍𝒏 𝒅𝒐𝒔𝒆 − 𝑪
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Example: alternative to  PL with log-transformation 

Hepatitis B vaccine (A3.29)

Standard and two test preparations
5 doses

Average plot (no transformation)

PL model with log-transformation

3PL weighted regression (D=0, A=1, weight=1/m²)
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3PM – Creation and evaluation in CombiStats online

Model = Exponential curves (ln dose)

Wizard

Advanced options

Analysis options are similar 
to 4PL model without 

linearizing transformation 
choice
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Stay connected with the EDQM
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Thank you for your attention 

EDQM Newsletter: https://go.edqm.eu/Newsletter
LinkedIn: https://www.linkedin.com/company/edqm/
X: @edqm_news
Facebook: @EDQMCouncilofEurope
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