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Outline

 Background information

 Assay DOE optimization

 Ready-to-use cell banks/method qualification

 Data driven and stage-appropriate acceptance criteria set 
up

 Control trending

 Summary and acknowledgement 
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USP recommendations

 Equivalence test has been recommended by USP for 

parallelism evaluation

 Currently most popular F-test has obvious drawbacks

 Assays with very good precision will fail parallelism test, but 

assays with poor precision may pass parallelism using F-test 

 Geometric mean has been recommended by USP for final 

reportable result calculation

 Majority of bioassay results are not normal distributed

 Geometric mean will be better to address skewed results and be 

closer to true value
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Biological products
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Biological products (cont.)
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Ready-to-use (R2U) cell line in the assay

 Ready-to-use cells have advantages over continuous cell culture

Eliminate routine laborious cell culture work

No drifting of cell quality due to cell passages

 The range of passage numbers of R2U cell bank have to be qualified 

 Pfizer drug X is a recombinant factor which will stimulate dose-
dependent cell proliferation in the assay 

 Passage 7 R2U WCB had been used in original titration, DOE 
optimization and first method qualification

 Three additional Working Cell Banks (P5, P8 and P11) were made. 
P5 and P11 were used for R2U/method qualification
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Assay plate map (after titration)
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Plate 2
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Plate 3
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Optimization DOE design with 16 runs 
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Critical parameters in the assay
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DOE optimized final conditions
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Finalized assay conditions

 Dilution scheme is 1:7 of 

8-dose serial dilutions with 

starting concentration of 

375 ng/mL

 9500 cells/well; 30 hr 

stimulation and 21 hr 

substrate incubation
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Full curve analysis

 Parallelism Test

 F-Test

 Equivalence Test

 Relative Potency 

 the factor that the unknown dilution 

curve data would need to be 

multiplied by in order to shift the 

curve along the x-axis and overlay 

the standard curve100 1000 10000 100000.
Dose

2000

4000

6000

8000

10000

12000

14000
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Full curve analysis using F-test
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F-test may factor out weighting and it is less sensitive

 If fit extremely well, the denominator will be very small, 

therefore, it will fail parallelism

 If fit not well, the denominator will be large and it may 

pass parallelism



14

Pfizer Confidential

Initial assay acceptance criteria

 Parallelism evaluation using F-test

F stat must be ≤ F critical value of 7.591 (α = 0.01 with 
numerator DF of 3 and denominator DF of 8)

 Relative potency recovery 

Sample and control relative potency must be within 
70% to 130% to its target relative potency
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Qualification: Accuracy, Repeatability and IP

Analyst R2U Cell Bank Plate
Sample

50 75 100 125 150

A

Passage 5

1-3 57.3 87.1 99.6 128 145

4-6 56.3 87.5 92.8 121 143

7-9 55.1 87.0 100 126 134

Mean 56.2 87.2 97.5 125 141

Repeatability %RSD 1.96 0.30 4.15 2.88 4.17

Accuracy/Recovery (%) 112 116 97.5 100 93.8

Passage 11

1-3 47.9 78.0 98.6 126 177

4-6 40.2 67.2 103 129 172

7-9 49.7 68.5 95.9 115 165

Mean 45.9 71.2 99.2 123 171

Repeatability %RSD 11.0 8.28 3.61 5.98 3.52

Accuracy/Recovery (%) 91.9 95.0 99.2 98.7 114

C

Passage 5

1-3 49.1 67.7 111 126 163

4-6 51.6 67.3 109 136 145

7-9 47.0 69.6 108 137 144

Mean 49.2 68.2 109 133 151

Repeatability %RSD 4.68 1.80 1.40 4.57 7.10

Accuracy/Recovery (%) 98.5 90.9 109 106 100

Passage 11

1-3 46.3 80.0 113 123 174

4-6 48.2 96.4 103 124 165

7-9 43.5 87.4 107 123 180

Mean 46.0 87.9 108 123 173

Repeatability %RSD 5.14 9.34 4.67 0.47 4.36

Accuracy/Recovery (%) 92.0 117 108 98.7 115

Intermediate Precision (P5, P11 for analyst A, C; n=4) 9.80 13.2 5.72 3.78 9.80
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Qualification: Linearity and Specificity

Result

Sample

Matrix Only
Matrix spiked with

Ref Std
Cytokine 1 mAb 1

RelPot (%) No Response 99.7 No Response
No 

Response
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Assay trending program (ATP)

 Trending program is very important

 Increases assay consistency and quality

Decreases assay failure and repeat 

 Establish trending program

Assay condition is finalized and accumulate enough 
assay results

Calculate control limits in control chart

 The Shewart control chart provides the tool to distinguish 
between the two types of variation in a process

Common cause variation (random)

Special cause variation (root cause)



18

Pfizer Confidential

Assay trending program (cont.)
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System suitability/Control Trending
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Full curve analysis using equivalence test

 Similarity is demonstrated when:

at/as; bt/bs; and dt/ds fall within preset acceptance criteria

 For one bioassay example:

Amgen, Inc., Frank Ye 2005
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Concept of equivalence test

 Switch the null and alternative hypothesis

 Set up data driven pre-determined goalposts

 Equivalence test: two-one sided t-test (TOST)

 The two null hypothesis will be rejected if

or

is the goalpost which is predetermined
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Comparison of traditional hypothesis test and 
equivalence test
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Assessment of tolerance interval for lower asymptote
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Assessment of tolerance interval for slope
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Assessment of tolerance interval for upper asymptote
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AC based on non-parametric tolerance interval

 The distribution of parameters of a, b, d are not normal

 Data transformations are not normal distributed either

 The ratios of parameters a, b, d to reference standard were chosen 
for acceptance criteria set up 

 Non-parametric tolerance intervals for a, b, d  were calculated from 
267 data points generated using reference standard material

 addressing pure analytical variation

Ratio of parameter Acceptance Range

a/a’ 0.85 – 1.07

b/b’ 0.82 – 1.25

d/d’ 0.95– 1.04
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Reportable results control strategy

 Arithmetic mean of three independent assay results

 %RSD criterion among three independent assay 

results (e.g. ≤20% RSD)

 Weighted mean of three independent assay results

 %RSD criterion among three independent assay 

results (e.g. ≤20% RSD)

 Geometric mean of three independent assay results

 Confidence interval criterion for three independent 

assay results
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Weighted mean

 The weighted mean is calculated as

 The individual result with less variation will have 

more influence on the final reportable result than the 

individual result with larger variation

 An acceptance criterion for the weighted mean is 

determined by %RSD the same as for an arithmetic 

mean 
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Geometric mean

 The data log transformation generates normal distributed 
results

 Therefore, geometric mean addresses better for skewed 
results and is closer to true value

 The Geometric Mean calculation  

 Geometric Mean is controlled by the confidence interval 
(e.g. 75% to 133%)
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Reportable result calculation using geometric mean 
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Finalized acceptance criteria

 Assay acceptance criteria

Control sample must pass equivalence test for parallelism

 The relative potency of control sample must be within the range of 70% to 
130% of the reference standard

 The upper/lower asymptote in constrained model must be equal or larger 
than 3

 Sample acceptance criteria

 Sample must pass equivalence test for parallelism

 The relative potency of sample must be within the qualified range of 50% 
to 150% of the reference standard

 The upper/lower asymptote in constrained model must be equal or larger 
than 3

 90% confidence interval of the final reportable result must be within 75% to 
133%
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Summary

 The cell-based potency assay and R2U cell banks have been 
successfully optimized and qualified

 Both the parallelism evaluation and the final reportable result have 
been adopted according to the recommendations from the most 
recent USP chapter 1033 

 The acceptance criteria have been set up based on accumulated 
historical data

 Cell-based potency assay is a critical analytical test in CMC package. 
Traditional method has to be evolved to meet the higher regulatory 
and industry standards
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