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CombiStats online
Training module 2

Quantal data
e.g. pass/fail results
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Content

• Quantal data definition

• Data entry: aggregated/individual data

• Regression analysis: the 4PL model

• Output statistics and tables

• Spearman-Kaerber method

• Q&A
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Indirect dilution assay

Response observed at various doses

5 doses (IU) 
per preparation

R positive wells
out of N = 10 wells

Statistical regression models
needed to estimate EDs

and their uncertainty

Prep. ED100
 ED50

 

Ref. About 45 IU
In-between 
20-30 IU

Test
Greater

than 67.5 IU
About 30 IU
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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

Raw data: pos./neg. Aggregated

Binary Proportions

Quantal responses

Y = Proportion of respondents

E.g. in-vivo & in-vitro assay
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Quantal data

• 2 possible outcomes, e.g. positive/negative

 ➔ Binary, dichotomous, pass/fail results 

 Binomial distribution: probability of r respondents out of n 
tested (r/n) given a true rate 

Probability of r = 5 positive wells out of n = 6, given  = 90%

𝑃 5 = 𝐶6
5 ∙ 0.905 ∙ 0.106−5 = 0.35 (35% chance)

𝑃 𝑟 = 𝐶𝑛
𝑟 ∙ 𝜋𝑟 ∙ (1 − 𝜋)𝑛−𝑟

Proba of 5 consecutive positive wells

Proba of 1 negative well

At the bench, 6 sequences of 5 positive wells out of 6 are possible  
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Binomial distribution

• Individual probabilities • Cumulative probabilities

5 positive wells out of 6: 
35% chance

0 to 4 positive wells: 11% chance
More than 4 positive wells: 89% chance
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Distribution parameters

• Mean (location)

p = r/n

“observed proportion”

• Variance (dispersion)

Var = p(1-p)/n

  The variance depends on the mean

         weighted regression analysis 
(wi = 1/vari)
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Dose-response curve

r/n = 0.5 (50%)

3.483 
ln(IU)

• Using most probable rates
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How to improve precision?

• Increase sample size
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How to improve precision?

• Steep slope

• Assay development > optimal conditions for routine analyses

• Appropriate dose range

• Response rates between 0.05 and 0.95 (probit), 0.10 and 0.90 (logit)

• DoseTest = DoseStd – ln(R0) (R0 = guessed value of relative potency)

• Equal division of N subjects between preparations/doses

• Proper randomisation (deviation from linearity is likely, otherwise)

• Block design (e.g. mice from the same litter are more likely to very less in their 
individual responses than are mice from different litters ➔ litters = blocks)
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• Quantal data definition

• Data entry

• Regression analysis: the 4PL model

• Output statistics and tables

• Spearman-Kaerber method

• Q&A
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Data tables

• Aggregated results (r/n) • Individual results (0/1 or -/+)
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“Show design” option

• E.g. 96-well plate

Prep|Dose|Rep
coordinates

Individual
results
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• Quantal data definition

• Data entry

• Regression analysis

• Output statistics and tables

• Spearman-Kaerber method

• Q&A
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Indirect dilution assay

• Rates observed at fixed doses (dilutions)

Standard: ED50 between 10 and 100 IU

Sample: ED50 between dil. 1/10 and 1/100

Resp. Dose scale X-axis

Quantal Fold-ratio Ln(Dose)

Regression model ➔ to 

estimate EDs & their 

precision 

Shape Model

Sigmoid curve 4-PL
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Regression approach

𝑦 = 𝑑 +
𝑎 − 𝑑

1 + 𝑥/𝑐 𝑏
+ 𝜀

4-parameter logistic model

Lower asymptote: d = 0

Upper asymptote: a = 1

Inflexion point (ED50): c

Slope factor (Hill’s slope): b

x: ln(dose), y:r/n, : error term

CombiStats applies a linearising transformation to the 4-PL equation,
fits linear regression lines and back transform relevant/useful statistics 

Linear regression lines

Effective doses are reported 
in a separate table

The calculated slope corresponds to 
the Hill’s slope of the 4-PL model

d

a

c

r/
n
 r

a
te

s

b
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Processed data
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Linearising transformation: added value

➔ Parallelism between regression lines can be assessed

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

Lack of parallelism may suggest changes in:

- Performance of the method, and/or

- Manufacturing process (product has changed!)

Assessment (see next section)

 Option 1: significance test 

 Option 2: equivalence test

 Any other proposal?
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Linearising transformation: options

Gompit: asymmetrical curves with a 
shorter lower tail and longer upper tail

Probit: symmetrical curves with short tails 
(asymptotes reached rapidly)

Logit: symmetrical curves with long tails 
(asymptotes reached slowly)

Angular and rectangular: symmetrical curves with 
very short tails (asymptotes reached very rapidly)

Probit and Logit are 
most frequently 

used
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• Quantal data definition

• Data entry

• Regression analysis

• Output statistics and tables

• Spearman-Kaerber method
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Common slope model

Used to calculate output results (e.g. EDs, potencies)

➔Validity criterion: no difference between individual slopes

Option 1: equality of slopes (any statistically significant difference?)

Option 2: equivalence of slopes (any difference of practical relevance?)

Assessment using differences or ratios of slopes (not both)

0.89 (>0.05)

p-value

0 +-

Equivalent

Equivalent

Inconclusive

Non-equivalent

No significant 
difference between 
individual slopes

Equivalence margins (±Ɵ) to be set prior to do the test
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Other validity criteria (cf. SOP)

Assay

Significant common slope (p ≤ 0.05)

Non-significant deviation from parallelism (p > 0.05)

Non-significant deviation from linearity (p > 0.05)

Coefficient of
determination > X%

Potency results  Precise enough?     On target?

Pos/neg control, control charts, …

No trend (e.g. curvature), 
No outlier (e.g. < |3|)

Pharm. Eur.

R².The coefficient of determination calculated for the reference 
standard dose-response curve (R2) is not less than XX.

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

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

The amount is not less than XX per cent and not greater than XX 
per cent of the intended content.
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Effective doses

ED10 (r/n = 10%): 1.55 IU

ED50 (r/n = 50%): 23.75 IU

ED90 (r/n = 90%): 364 IU 

r/
n
 =

 0
.5

3.168 
ln(IU)

23.75 
IU

=

Reported as “Container/ED”: ED50 = 23.75 IU

Reported as “ED/Container”: 1 vial is equivalent to 42 ED50 
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Potency estimates

𝑃 =
23.7484

0.05221

𝑃 = 454.9 IU/vial

𝑅𝑃 =
23.7484

26.1042

𝑅𝑃 = 0.9098
𝑃 = 0.9098 × 500

𝑃 = 454.9 IU/vial

Precision Recovery
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Multiple-dose standard only

The regression outputs are 
those of the standard…
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• Quantal data definition

• Data entry

• Regression analysis

• Output statistics and tables

• Spearman-Kaerber method

• Q&A
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Empirical method (no regression analysis)

Used when no slope can be estimated

Example: (quasi)separation (not enough 
intermediate r/n rates)

Most analysis options 
do not apply
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Example: SNT rabies mouse sera

“If the transition occurs only in very few steps, the 
Spearman Kaerber method is applied automatically”
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Requirements

• Doses should be equidistant. If not, CombiStats uses the smallest distance between 

adjacent doses giving unequal responses

• Doses should cover 0% and 100% rates. If not, the previous or next dose, 

although not tested, is assumed to be 0% or 100%

• Rates should be monotonic (e.g. increasing). See SOP for guidance, otherwise

Requirements: met or not met?



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



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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