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What is Biological Assay?

• Biological assays, or bioassays
– a measurement method capable of quantifying a response from 

living matter (e.g., cells, tissues, and animals) that is treated with 
some stimulus (e.g., therapeutic preparation, prophylactic 
preparation, or toxin).

• Relative potency 
– A biological activity or potency, often obtained by comparing the 

sample under study with a standard.
• Given biological similarity 

–  the standard and the test sample should contain comparable active material to 
make the comparison meaningful

Reference: USP <1030> Biological Assay Chapters – Overview and Glossary
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Two conditions for determining relative 
potency

• To determine relative potency of the test versus 
the standard from an indirect bioassay

– Condition 1

• Confirm biological similarity between Test and Standard

– Condition 2

• Address how similar the dose-response curve of the Test 
is compared to that of the Standard by Parallelism testing 
methods given that a biological similarity exists between 
the Test and the Standard

Reference: USP <1030> Biological Assay Chapters – Overview and Glossary



Model for dose-response curve: 
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Evaluating parallelism in bioassay curves

• Reasonable similarity on : 
– no-dose asymptote, a

– Maximum asymptote, b

– Slope d

• The p-value method for difference testing H0: aT=aR; bT=bR; dT=dR

– Here T is for test and R is for Reference standard

– Large p-value means that two curves are parallel.
• The significance level of 0.05 is a common choice.

• Equivalence Testing for parallelism (more on next page).
– Challenge: equivalence margin determination
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Evaluating parallelism of bioassay curves 
• Equivalence test for parallelism
– For a (no dose asymptote):

• H0: 
𝑎𝑇

𝑎𝑅
≤ 𝛿𝑎𝐿 ∪

𝑎𝑇

𝑎𝑅
≥ 𝛿𝑎𝑈; Ha: 𝛿𝑎𝐿 <

𝑎𝑇

𝑎𝑅
< 𝛿𝑎𝑈

– For b (maximum asymptote): 

• H0: 
𝑏𝑇

𝑏𝑅
≤ 𝛿𝑏𝐿 ∪

𝑏𝑇

𝑏𝑅
≥ 𝛿𝑏𝑈; Ha: 𝛿𝑏𝐿 <

𝑏𝑇

𝑏𝑅
< 𝛿𝑏𝑈

– For d (slope): 

• H0: 
𝑑𝑇

𝑑𝑅
≤ 𝛿𝑑𝐿 ∪

𝑑𝑇

𝑑𝑅
≥ 𝛿𝑑𝑈; Ha: 𝛿𝑑𝐿 <

𝑑𝑇

𝑑𝑅
< 𝛿𝑑𝑈

• Equivalence margins.
– Jonkman and Sidik (2009) proposed (0.8, 1.25) as the margin for all three 

ratios

– Hauck et al. (2005) proposed some data-driven equivalence margins

(1)
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Four scenarios of true test and reference bioassay curves

• Scenario 1 represents identical curves;
• Scenario 2 represents two parallel equivalent curves by definitions in Eq. (1);
• Scenario 3 represents two borderline parallel curves by definition in Eq. (1);
• Scenario 4 represents non-parallel curves.
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Equivalence test for difference in parameters

• Equivalence test for parallelism
– For a (no dose asymptote):

• H0: 𝑎𝑇 − 𝑎𝑅 ≤ 𝛿𝑎𝐿 ∪ 𝑎𝑇 − 𝑎𝑅 ≥ 𝛿𝑎𝑈; Ha: 𝛿𝑎𝐿 < 𝑎𝑇 − 𝑎𝑅 < 𝛿𝑎𝑈

– For b (maximum asymptote): 
• H0:𝑏𝑇 − 𝑏𝑅 ≤ 𝛿𝑏𝐿 ∪ 𝑏𝑇 − 𝑏𝑅 ≥ 𝛿𝑏𝑈; Ha: 𝛿𝑏𝐿 < 𝑏𝑇 − 𝑏𝑅 < 𝛿𝑏𝑈

– For d (slope): 
• H0:𝑑𝑇 − 𝑑𝑅 ≤ 𝛿𝑑𝐿 ∪ 𝑑𝑇 − 𝑑𝑅 ≥ 𝛿𝑑𝑈; Ha: 𝛿𝑑𝐿 < 𝑑𝑇 − 𝑑𝑅 < 𝛿𝑑𝑈

• Margin can be derived using tolerance interval based on 
historical data under normality assumption
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Simulate Historical data for deriving parallelism margins 
for equivalence test for difference in parameters

• Simulate historical data 

– Reference standard: a=2, b=10, c=30, d=1.25.

– Test: 26 cases in each scenario excluding (a = 2, b = 10, c = 30, d = 1.25)

Test Scenario a b c d

1, non-parallel 2*0.7, 2, 2/0.7 10*0.7, 10, 10/0.7 30 1.25*0.8, 1.25, 1.25/0.8

2, parallel 2*0.8, 2, 2/0.8 10*0.8, 10, 10/0.8 30 1.25*0.8, 1.25, 1.25/0.8

3, parallel 2*0.9, 2, 2/0.9 10*0.9, 10, 10/0.9 30 1.25*0.9, 1.25, 1.25/0.9

8, parallel 2*0.95, 2/0.95 10*0.95, 10/0.95 30 1.25*0.95, 1.25/0.95

4, parallel 2*0.99, 2/0.99 10*0.99, 10/0.99 30 1.25*0.99, 1.25/0.99
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Parametric methods for equivalence margins 

• We propose

– Following steps are for parameter a. 

• Obtain ො𝑎1𝑇, ො𝑎2𝑇  , …, ො𝑎𝑁𝑇  and ො𝑎1𝑅  from fitting                                                    to 
– Each of N dose-response curves of historical data for test.

– 1 dose-response curve of historical data for reference standard. 

• Calculate CIs of differences of parameters between each of N historical datasets 
and one reference standard data.

• Upper tolerance limit (TL) = mean(upper bound) +k*s; lower TL = mean(lower 
bound) - k*s, where k is a tolerance factor, s is the SD.

• Equivalence limit = max(abs(lower TL), abs(upper TL)).

• Repeat above steps for b and d.
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SIMULATION SETUP

Parallel

Nonparallel

Borderline parallel

Consider 8 concentrations for each curve. For each concentration, replicates=3 when CV=1% and 5%;
replicates=6 when CV=10% and 15%; replicates=9 when CV=20%
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Simulation results: margins derived from historical 
dataset 3 (parallel, test/ref=0.9) with parametric method 

1, 2: parallel, 3,4: nonparallel,  5,6,7: borderline parallel
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Conclusions

• Reasonable equivalence margins can be determined from 
historical data if the reference and test in historical data are 
approximately parallel, e.g., historical data 3 (90% of the 
standard), and 8 (95% of the standard)

• The equivalence limits should not be determined from historical 
data if the reference and test in historical data are not parallel

•  Too stringent  equivalence margins are derived from historical 
data if the reference and test in historical data are almost 
perfectly parallel
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