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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.)

Mechanism of g Sales in
Market Name Drug Type o am Indication Company 2014
Humira Mab Anti-TNFa Psoriasis, RA efc. Abbvie $1254 b
Sovaldi Small Molecule “Cvlm'gi’t';’ase HCV Infection Gilead $10.28 b
Remicade Chimeric Mab Anti-TNFa Psoriasis, RA efc. Jj’m:'gg]& $9.240
Rituxan Chimeric Mab ARt-CD20 LV"‘”“°"§'CL9“"9"“ Roche $8.68 b
Enbrel Fusion Protein Bind TNFa Psoriasis, RA etc. Amgen $8.540
: Long Acting : :
Lantus Insulin Glargine theulin Diabetes Sanofi $7.280
Avastin Mab Ant-VEGF-A Colon Cancer etc. Roche $6.96 b
Herceptin Mab Anti-Her-2 Breast Cancer etc. Roche $6.79b
. Ease constriction
Advair Small Molecule of the aiways Asthma etc. GSK $6.43b
Inhibit HMW G-CoA .
Crestor Small Molecule ik ol High Cholesterol AstraZeneca $.870
Pegylated Boosting White Infection and
Neuasta Recombinant Protein Blood Cells Neutropenia Amgen $.86b
: . : Depression and
Abilify Small Molecule | Dopamine Agonist Bipolar etc. BMS $.270
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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)

Plate 1
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Optimization DOE design with 16 runs
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Critical parameters in the assay

Response S/N Response EC50
Actual by Predicted Plot Actual by Predicted Plot
T - 0.651
0.5
— 351 _
5 5 05
< < 0.45-
2 31 a e
a S 04T -
25- QBT
03
27— 0.5 T— T
2 25 3 35 4 02 025 03 035 04 045 05 055 06 0.65
$/N Predicted P=0.0033 RSq=0.95 RMSE=0.2115 ECS0 Predicted P=0.1541 RSq=0.78 RMSE=0.0635
Sorted Parameter Estimates Sorted Parameter Estimates
Term Estimate StdEror tRao ~ Prob>|t] Term Estimate StdError tRato Prob>|t|
Cell(5000,10000) 048 006684 7.8 ! @ ! B 0.0004' Stimulation(24,30) 00655 0020073 3.26| : @ : B 00172
Stimulation(24,30) 045 006684 673 ' & | 1| 0.0005° Cell*Cell 0.0743966 0.039093 190 :|: : : [k [ | 0.1057
Incubation'ncubation  -0.25348 0130283 -195 © : [EE © | ' | 0.0097 Cell{5000,10000) -0.0281 0020073 -140 :[: [ : : ‘[ | 02m1
Incubation(16,24) 006 0066894 -0.90 ¢ |l i | 04043 Cell*Stimulation 002925 0022442 -130 (| EEE G it | 0.2402
Cell'Incubation 0065 007479 084 Wl 04383 Cell"Incubation 002775 0022442 124| i1 i JEE 1| | 0263
Stimulation*Incubation  -0.0625 0.07479 -0.84 E] Cfr | 04353 Stimulation*incubation  -0.02125 0.022442 -0.95| | : D co 0.3803
Stimulation*Stimulation -0.103448 0130283 -0.79 1B 0.4574 Incubation(16,24) 00179 0020073 -0.89| :[: : [ : i [ | 0.4069
Cell*Stimulation 00375 007479 050 ¢ : [ Wil i | 06339 Stimulation*Stimulation -0,020603 0.039093 -0.76| :| : : [ 04776
CellCell 005348 0130283 041 : o ] oees9 Incubation’Incubation  -0.012603 0039093 -0.32 :': : :[I 0.7581
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DOE optimized final conditions
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Finalized assay conditions

9.5e6

= 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

7928

B.328

Fluorescence (RFU)
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Full curve analysis

Response
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= 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
ose the standard curve

12
Pfizer Confidential



Full curve analysis using F-test

[RSSE (reduced ) — RSSE ( full)]

F— DF
RSSE ( full)

(n—p)

F-test may factor out weighting and it is less sensitive

= I 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
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Initial assay acceptance criteria

= Parallelism evaluation using F-test
»F stat must be < F critical value of 7.591 (a = 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

Sample
Analyst R2U Cell Bank Plate

¢ 50 75 100 125 150
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

Passage 5
Mean 56.2 87.2 97.5 125 141
Repeatability %RSD 1.96 0.30 4.15 2.88 417
A Accuracy/Recovery (%) 112 116 97.5 100 938
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

Passage 11
Mean 459 7.2 99.2 123 171
Repeatability %RSD C11.0 ) 8.28 3.61 5.98 3.52
Accuracy/Recovery (%) 1.9 D 95.0 99.2 98.7 114
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

Passage 5
Mean 49.2 68.2 109 133 151
Repeatability %RSD 4.68 1.80 1.40 4.57 7.10
c Accuracy/Recovery (%) 98.5 90.9 109 106 100
1-3 46.3 80.0 113 123 174
4-6 48.2 96.4 103 124 165
7-9 435 87.4 107 123 180

Passage 11
Mean 46.0 87.9 108 123 173
Repeatability %RSD 5.14 9.34 4.67 0.47 4.36
Accuracy/Recovery (%) 92.0 108 98.7 115
Intermediate Precision (P5, P11 for analyst A, C; n=4) 9.80 5.72 3.78 9.80
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Qualification: Linearity and Specificity
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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)
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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:

a/ag; b/b,; and d/d, fall within preset acceptance criteria

= For one bioassay example:

e | | e | pene | ar | var
R’ 680 0.991 0.007 0.97 1.00
as/az 452 0.984 0.042 0.85 1.15
ds/dz 452 0.983 0.983 0.80 1.20
bs/bz 452 0.956 0.163 0.55 1.45

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

IJ = Tay or Il 2l gy
(A, —7,)— 6 r -9 —R)
A e S e
5.5 1%
n, n, -.,qﬂ:l. Lo

¢ is the goalpost which is predetermined
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Comparison of traditional hypothesis test and
equivalence test

Scenarn | Simple f-rest unalence test

. 1 Equalent | Mot equivalent
._._... 1 Equrvalert Fpuivalert
— 3| Netoquiclent | Epuveler
4| Netoquelent | Notequilert
) s R
7] 0 v
Yi=Y2
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Assessment of tolerance interval for lower asymptote
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Mo rmal Quantile Plot

Fitted Normal

Parameter Estimates

Estimate Lower 95% Upper 95%
Location g 0.8981102  0.992850 1.0033615
Dispersion o 0.0424950 0.0390037  0.0485517

-2log(Likelihood) = -884.610040417157
Goodness-of-Fit Test

Shapiro-Wilk W Test
W Prob<W
0778798 <.0001%

Type Parameter

Mote: Ho = The data is from the Normal distribution, Small p-values

reject Ha.

23
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Custom Quantiles
Quantiles
Actual
Quantile Estimate Lower 95% Upper95% Coverage
0.5% 0.78825 0.79 1.25 720
50% ] 1 1 8551
09.5% 1.23625 0.79 1.25 7201

Smoothed Empirical Likelihood Quantiles
Quantile Estimate Lower 93% Upper 95%

0.5% 081754 078833 08474
50% 100018 0.9921 1.00232
99.5% 120145 107212 1251



Assessment of tolerance interval for slope
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Mo rmal Quantile Plot

Fitted Normal

Parameter Estimates

Estimate Lower 95% Upper95%
Location ¢ 10020866 00003283 1.013843
Dispersicn o 00951553 0.0873373  0.1042368

-2log(Likelihood) = -475.119930272204
Goodness-of-Fit Test

Shapiro-Wilk W Test
W Prob<W

0.976338

Type Parameter

ULULUS"

Note: Ho = The data is from the Normal distribution. Small p-values

reject Ho.
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Custom Quantiles

Quantiles

Actual
Quantile Estimate Lower95% Upper93% Coverage
0.5% 0.81 0.81 132 7201
50% 0.09 0.98 1 9551
99,5% 131175 0.81 132 7201

Smoothed Empirical Likelihood Quantiles
Quantile Estimate Lower5% Upper95%

0.5% 080732 080173 0.81609
30% 099133 09799  1.00369
99.5% 12053 1247119 132841



Assessment of tolerance interval for upper asymptote
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Mo rrmal Quantile Plot

Fitted Normal

Parameter Estimates

Type Estimate Lower93% Upper 93%
Location p 09084646 09953629 10013662
Dispersion o 0.0234817 00216018 0.02572%7

-2log(Likelihood) = -1185.93943688135
Goodness-of-Fit Test

Shapire-Wilk W Test
W Prob<W
0.976008

Parameter

U UUUS"

Note: Ho = The data is from the Normal distribution. Small p-values
reject Ho,

25
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Custom Quantiles

Quantiles

Actual
Quantile Estimate Lower95% Upper93% Coverage
0.5% 0.1 03 1.06 7201
50% 1 1 1 95.51
99.5% 1.06 04 1.06 7201

Smoothed Empirical Likelihood Quantiles
Quantile Estimate Lower93% Upper 93%

0.5% 003866 089865 004845
30% 099982 099786  1.00163
090.5% 105023 1.04368  1.06179



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

— S (WM
M= ,_,__1{2 M.)
W

i [ | ..'

= The individual result with less variation will have
more influence on the final reportable result than the
iIndividual result with larger variation

= An acceptance criterion for the weighted mean is
determined by %RSD the same as for an arithmetic
mean

@ ESSENTIAL HEALTH L @
Research and Development Plizer Confidential \



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

~ 8 RPlel0 P el A
Goometric lean=e

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

B C D E

Sampl Result
Plate | Plate? | Plated

1 5.7 53 469

. 152 156 168

3 69.5 102 4T

4 126 12 135

d 101 105 108

b 106 10 104
Sample | Plate1 | Plate2 | Plated

i |40877742) 3956994 | 3 848017675

2 | 5.0236805 | 506269 |5.123963919

3 |4.2413268 | 4 25134834 313480092

4 |48362619| 46283137 | 4905274178

§ | 46151205 |4 6539604 4 682131221

6 | 46634391 |4 7004804 4 644390899
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Average |  SD n LL UL Resut 1 UL | et | Reshett
(geometic CILL CruL
Mean)
J947591100962269 1 3 [3.7410394 | 41841528 | 51810669 | 40896292 | 65 637868 | 78 934113 | 126.687%4
DOT01465 1000046721 3 49447789 51955141 15919765 | 1404398 | 1804609 |88 217256 113 35601
42687184 (00390873 | 3 |4.1716202|4.3658166 | 71430031 | 64820388 | 78.71365 | 90.746689 | 11019686
48506230 (004232121 3 |4.7514918| 49617562 | 12858928 | 115.75604 | 142 8443 | 90020594 | 111.08569
4650404 100336466 3 |4.5666212|4.7339868 | 104.62725 | 96.237704 | 11374816 | 91981491 [ 108.71752
46694368 00286217 3 4598085 | 47402886 | 106.63767 | 99.343645 | 114 46723 | 93.159996 | 107 34221
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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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