Development of an adaptable
yet fully automated end-user tool
that allows a harmonized and regulatory compliant
calculation and evaluation of immunogenicity cut-points
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Context
Immunogenicity

Immunogenicity — ability of a substance to provoke an immune response
O Wanted — an appropriate immune response to a pathogen or vaccine

O Unwanted — immune response against a therapeutic antigen
— production of anti-drug-antibodies (ADAs)

sanofi >



Risk-Based Approach
Immunogenicity

of Potential

Safety Concerns an Immune Response of an Immune Response

<% Safety Concerns % Loss of Efficacy \
% Induction of inflammation or % Decreased exposure or bioavailability
autoimmune disease < Neutralization (neutralizing Ab (NAb)) :
% Hypersensitivity reactions: lack or loss of efficacy

% Immediate (anaphylaxis,
complement activation)
% Delayed
Deficiency syndrome
Immune complex disease

\_ /
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Changes in pharmacokinetics
% Accelerated elimination / loss of efficacy
% Delayed elimination / unexpected toxicities
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ADA Assays
Immunogenicity

Multi-tiered approach

« Screening assay - bridging, direct or competitive ELISA, cytokine profile

« Confirmation assay - determination of specificity

« Characterization assay - titer, class/isotypes of antibodies, domain specificity,
neutralizing capacity
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Regulatory
Immunogenicity

European Medicines Agency. Committee for Medicinal Products for Human Use (CHMP)
® Guideline on Immunogenicity assessment of biotechnology-derived therapeutic proteins
(2017). EMEA/CHMP/BMWP/14327/2006 Rev.1

US Department of Health and Human Services, US FDA, Center for Drug Evaluation and
Research, Biologics Evaluation and Research.

® Guidance for Industry, Immunogenicity Assessment for Therapeutic Protein Products (2014).
® Guidance for Industry, Assay Development and Validation for Immunogenicity Testing of Therapeutic

Protein Products (2016) First Supplement to USP 38-N6 33 Generod information | (1106.1) immuncgenicity Assays 7123
5 USP. U5 2.0 3, tares Schem Dkyed e s, R, WO USP, 0114682468631 e
1106) IMMUNOGENICITY ASSAYS—DESIGN AND VALIDATION OF Add e fotoming
IMMUNOASSAYS TO DETECT ANTI-DRUG ANTIBODIES =(1106.1) IMMUNOGENICITY ASSAYS—DESIGN AND VALIDATION OF
ASSAYS TO DETECT ANTI-DRUG NEUTRALIZING ANTIBODY
INTRODUCTION AND SCOPE INTRODUCTION AND SCOPE
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Anti-drug antibodies (ADA) can be induced when animal or human immune
harmaceuticals can elicit product
i studies. [NOTE—A list of regulatory doc
sgh the main focus of this chapter is ADA ir
werall risk-basec

) are 3 st of ADMAS that
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White Papers
Immunogenicity Cut-Point Settin

Data: ~ 50 samples,
= 3 runs (2 analysts)

The AAPS Jowrnal, Vol. 19, No. 5, Seprember 2017 ( © 2017) @CmMark
DO 10.1208/s12248-017-0107-

Compare means and variances
between runs/instruments/anal
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Rec for S ic Statistical C ion of I icity Cut
Points
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Review Fixed Dynamic Floatin Instrument Viswanath Devanarayan,' Wendell C. Smith,” Rocco L. Brunelle,” Mary E. Seger,™
) idati cut point | [Cut point < | or Analyst Kim Krug™ and Ronald R. Bowsher™™*
Recommendations for the validation of immunoassays used for detection (CPV) per specific
of host antibodies against biotechnology products i 't floating CP|
Received 22 January 2017; accepted 30 May 2017; published online 21 July 2017

Copi Shankar*, Viswanath Devanarayan®, Lakshmi Amaravadi’, Yu Chen Barrett?, Roaald Bowst

Deborah Finco-Kene', Michele Fiscella®, Boris Corovies®, Susan Kirschner"', Michael Moxness’, Abstraci.  Today, the assessment of immunogenicity is integral in nonclinical and clinical

testing of new biotherapeutics and biosimilars. A key component in the risk-based evaluation

n, N ith =, th*, oA i
Thomas Parish', Valerse Quarmby, Molly Smith =, Wendell Snth*, Linda A. Zuckerman®”, Eugen Kor Determine CP in Calculate CPV| | Determine of immunogenicity involves the detection and characterization of anti-drug antibodies
ach in-study run and CF per CP in each (ADA). Over the past couple of decades, much progress has been made in standard

instrument in-study run the generalized approach for ADA testing with a three-tiered testing paradigm involvin
screening, and quasi ive titer ment ing the typical
harmonized scheme. Dependn\g ona biotherapeutic’s structural attributes, more character-
- ization and testing may be appropriate. Unlike bicanalytical assays used 1o support the

NC.ISCP.V/NC.V), I log evaluation of or tonicokinetics, an important in i
NC.ISHCP.V — NC.V), if not ity testing is the calculation of cul poinis for the identification (screening), confirmation
(specificity). and titer assessment responses in animals and humans. Several key publications
have laid an excellent foundation for statistical design and data analysis to determine
Screening Cut Point ‘ immunogenicity cut points. Yet. the process for siatistical determination of cut points remains

a topic of active discussion by i who conduct i

support biotherapeutic drug development. In recent years, we have refined our statistical
approach 1o address the challenges that have arisen due o the evolution in biotherapeutics
and the analytical technologies used for quasi-quantitative detection. Based on this collective
experience, we offer a simplified statistical analysis process and flow-scheme for cut point
Methadology evaluations that should work in a large majority of projects to provide reliable estimates for

BIOOI’]Cﬂ SlS the screening, confirmatory, and titering cut points.
For reprint orders, please contact: reprints@future-science.com Y KEY WORDS: anti-drug antibody: cut points; immunogenicity: outlers: validation

NE.V = Neg. Control from Validation runs
15 =Neg. Control from In-Study run

ARTICLE INFO
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E,_," Analyze negative 5 — - i i Alternative transformations may
— it i i amples from > 50 drug naive negative if “S-N*
Statlstlc_al rTPEth.OC!S of screening cut point control data, identify — se‘r’a. >=6 runs total (g>=2 analngs) iirﬁ;égnoieg\?y' bes used if
determination in immunogenicity studies and exclude outliers data are not right skewed
on s plosarerinn
(Pt i g ey S, ptining 5 Wi, o Sdha et seped. Meiyu Shen*' & Tianjiao Dai? Normalize the data as ratio of signal
e Al RS 0 A Of W PR e €Y YA 1 Ay ffc of Bt Ekicloy, Cotr o Bl Eluston R, PO, Shos S, D 2009, USA to negative control (S/N). All further
B e “Author forcorespondence: M Shene@fda. s gov analysis on log(S/N) scale Assess mean & variance
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plates, runs & analysts

I
|
H %
i differences between
Background: Currently, screening cut point (CP) calculated from an assay validation with replicates are ;
]

applied to an immunogenicity study with nonreplicates, for which the antidrug antibodies rate is deter- Identify & exclude analytical & biological ~ —---. -
g z ” mined. IID treats the replicate of a sample as coming from another independent sample. AVE uses average i :
e e e v . results butinter-assay ility is reduced. Therefore, we propose a random outliers, then reevaluate distribution Evaluate relevant sample

factors (disease subtype,
gender, age, ethnic, ...)

TR e ¢ 1
12 s Evaluate SCP factor

IfS-Wp< 005and IfS-Wp=>0.050r
|skewness| < 1
Verify negative/diluent

Devanarayan (AAPS-2013/WRIB-2015/EBF2016 presentations) ST AT T G Parametric method:
control correlation with

[
qa n o fl 95" percentile Mean+1.645xSD
(or a robust alternative i
[) if S-W p < 0.05) ! stibjectsarm

Justify use of CP in other
- patient populations, and
clinical study samples




Immunogenicity Assessment

Immunogenicity CP Setting

O Cut-point (CP) (factors) are determined
to discriminate positive vs negative samples

. . ) Cut off
on blank (naive) population s, | TR
E2] True True
§ Negative Positive
o Blank population should be g
o Representative - demographics & target disease o
o Incorporate all relevant sources of variability b 4 .

o Biological : Subject
o Analytical : Analyst - Run - Plate
o Naive (pre-dose) - free of outliers & pre-existing Abs

sanofi
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Normalization
Immunogenicity CP Setting

To accommodate to plate effects, ‘floating’ cut-point factors (CPF) are established
by subtraction or division by sample’s plate-specific negative control (NC).

Two distributions of the blank population are considered:
e Normal distribution upon subtraction of NC — Additive CP
e Lognormal distribution upon division of NC — Multiplicative CPF
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Outlier Identification
Immunogenicity CP Setting

Interquartile range (IQR)

o Q3

* Not-model based - ‘BoxPlot” method
Lower 1.5xQR whisker : Upper 1.54QR whisker

Tukeys’ criteria @ "‘."Q“ﬁ | | a3 1stm

outhers outhers

Meduan

* Based on mixed-effects model
+ Fixed effect : Analyst
+ Random effects : Plate ID[Run, Analyst], Run[Analyst], Subject ID

— adequate handling sources of variability
— REML-based: cope with imbalance and missingness
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Outlier Types
Immunogenicity CP Setting

* Analytical outliers - sample level
« BoxPlot: outlying differences subject’s response value from its median
« Mixed Effect Model: outlying conditional residuals

IQR:
* Biological outliers - subject level j L]
« BoxPlot: outlying subject’s median value D I I I AT e

« Mixed Effect Model: outlying subject’s BLUPs

sanofi 10



Parametric vs Non-Parametric Method

Immunogenicity CP Setting

Method of CP Determination on Blank Population

 Parametric — mean & standard deviation / N

N
 Parametric robust alternative — median & MAD ,,Jé N I

* Non-parametric — 1-sided confidence limit on observed percentiles

sanofi 1



Decision Tree @ Sanofi

Immunogenicity CP Setting

Formal Approach :
according SOPs N Flexible Approach

Type of Assay

o Full Flexibility to Select on
*  Adapted FPR / additional CP
Assessment analyst-specific variability

Include extra variables as fixed effect

.
«  Assessment run-specific variability

Extra figures & tables

Non-Clinical With matrix interference Without matrix interference

Default Setting Default Setting

= Assay Cut-Point Factor @ 0.1% FPR + Assay Cut-Point Factor @ 1% FPR
- No Confirmatory Cut-Point = Matrix interference Cut-Point @ 1% FPR
* No Titer Cut-Point Factor + Titer Cut-Point Factor @ 0.1% FPR (opt)

I

- Direct format — inhibition of signal by NAb

- Indirect format — increasing signal with NAb present

sanofi
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Software
End-User Tool for Immunogenicity CP

JSL - JMP Scripting Language

®

Statistical Discovery™ From SAS.
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End-User Tool for Immunogenicity CP

* JSL enables automation of analysis / processes
* Also programmable towards outcome-dependent decisions

JMP Software

sanofi
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Analysis Steps
End-User Tool for Immunogenicity CP

1. Populate Excel template with raw data

@E Immunogenicity Cut Point Calculation.xlsm Excel template for upload data

immunogenicity analysis with JMP cut-point script

Please complete values in colored cells (column C) & then press the arrow "Create Worksheet for Data Entry” for the creation of the datatable.
Responsible scientist
Project name
Study number
ADA or NAb?

Replicated or summarized data?

Please make sure content is enabled

Create Worksheet
for Data Entry

sanofi 5



Overview



				Excel template for upload data                            immunogenicity analysis with JMP cut-point script



		Please complete values in colored cells (column C) & then press the arrow "Create Worksheet for Data Entry" for the creation of the datatable. 



				Responsible scientist 

				Project name

				Study number

				ADA or NAb?

				

				Replicated or summarized data?

				

				

				

				

				

								      Please make sure content is enabled

				

				

				

				







Create Worksheet for Data Entry



Immunogenicity Input Data

		Date		Analyst		Run		Plate Order		Plate ID		Subject ID		Subject Group





































































































































































































































































































































































































































































































































































































































































































































































































































































































Drop Down List

				ADA		Replicated (raw) data		Yes

				NAb		Summarized data		No






End-User Tool for Immunogenicity CP

2. Launch JSL Script

P_-ﬂ Immunogenicity CP analysis.jsl

Interactive model window for
upload of dataset and
selection of analysis options

sanofi

Tables

‘HaEn

Recent Files

DOE Analyze View

[ . i (hotables) v

Graph Tools

P

T Study and Analysis Settings

£ Imm{

& Immd

Responsible scientist  First name Samuel

Last name |Pine
Project name A1
Study number X000

Additional title specification (optional)
(please do not use special characters and restrict to length of 100)

Type of assay ® ADA assay

(O NAb assay

//frasdat113/ftpdata/BBB/BCB_global/IMP_CutPoint/
SourceData/Ablynx-BAlimmunogenicity Cut Point
Calculation_test.dsm

Excel file with data to upload fer analysis

In case non-summarized data are uploaded:
%CV threshold to be applied to replicates 20.0|%
Samples exceeding this threshold will be excluded from analysis

Number of decimal places to be applied to mean and median values 3
(and to guide rounding of possible additive cut-point)

Analysis Steps

= x| |Window List

o )
all ¥ Tip of the Day

browse to excel file
l(please only click once - this may take a few seconds)

16



Analysis Steps
End-User Tool for Immunogenicity CP

B Selections for Flexible Approach for Clinical ADA CP Setting Pt

2 . La u n C h J S L S C rl pt Please indicate extra options to be implemented. Default options (reflecting BTD) are pre-selected.

Do run differences in variances and means O Yes
have to be checked on the blank population(s)? ® No

Dy n a m | C m e n u S Do analyst differences in variances and means _ ] ® Yes
. . . have to be checked on the blank population(s) and if applicable on ADA scoring? (O No
and options rely on previous selection

Preferred graphical output @® Only show minimum number of figures
O Also include extra supportive figures in report
B¥ Selections for ADA A X
eections for ssay Header name(s) of additional covariate(s) to add (besides analyst) as extra fixed effect(s)
leave empty if not applicable (default)
Type of ADA assay (O ADA - Non-dlinical
(® ADA - Clinical
Targetted false positives applicable for screening (assay) cut-point
Outlier identification approach @® Based on mixed-effects model (iterative) faC?m ; H B0 tr g ?:
(O Based on mixed-effects model (non-iterative) O 0.1%

(O Not model-based (boxplot outliers - non-iterative)

Targetted false positives applicable for confirmatory cut-point @ 1%

Flexibility (O BTD approach (default settings) O 0.1%
@ Flexible approach (extra options possible) O not applicable
Has upfront exclusion based on a predefined % inhibition threshold to be applied to samples? (@ No Targetted false positives applicable for titer cut-point factor O 1%
O Yes ® 0.1%

(O 6 times 5D (or equivalent)
QO not calculated

sanofi .




End-User Tool for Immunogenicity CP

2. Launch JSL Script

Includes data checks and
acceptance testing

sanofi

Analysis Steps

NC_Start 1 17| UUT8YL3% 2.243
NC Start 2 18| 02557534 34217
NCH B ‘ 0.20533653 26.762
Nl h hould b
i ' .
ey SEETOYE P ID _Unspiked 1 _NC_Start 1 Plate ID
NC Y plates includs
2ows| experiment fo 0.3365 0.637 Runé6_PlateOrde
ows | gyitability asse 0.60 de
scted th y ? e
uded the negative c 0.63 de
d i -
clied| T03ting cut-po 0.388 Only one value has been [de
do include mor . . : .
2 u Jnspikedide
vg i
2 V8 [;’K el file for [de
2 VBUZ_Z Thd35 2 - - . de
2 VB04 2 Ind 36 2 It had been indicated that 2 either q
also cut-point based on el file for i
spiked data has to | fill de
determined, while no -, orn de
Spiked is captured in the lues for de
uploaded dataset. Please -plicates ’
I _—— —"" [de

revise and correct.
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Video Demo
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Reporting Output
End-User Tool for Immunogenicity CP

1. Analysis Settings 2. Methodology

1.1. System Settings The cut-point (CP) analysis is based on guidelines described in BTD-010945, RDBTD-002228, RDBTD-002001, RDBTD-002002 and RDBTD-002217.

) 7 System Values In order to accommodate to putative plate/run drifts, a floating screening cut-point factor (SCPF) is settled. Therefore, log-transformed ratios of unspiked values divided by their
Script version Immunogenicity CP analysis_v01 respective negative control (NC) values and unspiked values subtracted by their NC are both assessed as screening responses.
Invoked from /ffrasdat113/ftpdata/BBB/BCB_global/JMP_CutPaint/Script/Prod/
By {username) 10407086 The transformation appropriateness is evaluated by distribution of the responses on the dataset after exclusion of the outliers (so called blank population dataset). The blank
From (computername) DESKTCP-PIQ1C87 population delineation is based on a mixed-effects model applying Tukey's outlier criterion on the conditional residuals and subject’s Best Linear Unbiased Predictors (BLUP) for
On (date and time) 260ct2021:10:38:27 analytical and biological outlier identification, respectively. According to Tukey’s outlier criterion, observations that fall below Q1 - 1.5%(Q3-Q1) or above Q3 + 1.5*(Q3-Q1) are
Uploaded Excel file /ffrasdat113/ftpdata/BBB/BCB_global/JMP_CutPoint/SourceData/Ablynx-BAl/Immunogenicity Cut Point Calculation_test2.xls considered as outliers, with Q1 and Q3 representing the 25th and 75th percentiles, respectively. Analytical outliers are removed before biclegical outliers, both in an iterative way.

= The choice for the most appropriate blank population dataset (derived from either the difference of unspiked values and their NC or log-transformed ratios) is based on the
1.2. Selected Options

nomality assessment of the blank populations. If the blank screening derived from the log-transf ratios does not show significant evidence against normality by
ADA Cut-Point Analysis  Selected Options for Study the Shapiro-Wilk test (p-value = 0.05), SCPF setting is performed on this blank population. In case signifiant deviations from normality are seen on the log-transformed unspiked
Optional title specification over NC ratios, the blank population delineated from unspiked values subtracted by their respective NC is evaluated. If no significant deviations from normality are seen here, this
Responsible scientist pine SAmuel blank population s used for subsequent analysis. In case both blank populations return a p-value < 0.05 by the Shapiro-Wilk test, the blank population providing the smallest
Assay type Clinical ADA assay absolute value for the skewness coefficient is taken forward for SCPF setting.
Confirmatory data Spiked data included in uploaded dataset
Upfront exclusion No upfrant exclusion of samples performed Also the method of SCPF calculation is based on the normality properties of the obtained blank population. In case no evidence against normality is seen by the Shapiro-Wilk test
Outlier removal approach  Based on mixed-effects model (iterative approach) including :Analyst} as fixed effect and {:Plate ID[:Analyst:Run], ‘Run[:A (p-value 2 0.05), SCPF is determined by the parametric approach (mean + k (one-sided standard normal quantile) x SD (standard deviation)). This k value is based on the targetted
Flexibility Flexible approach false positive rate (FPR). If, however, evidence is provided for deviations from normality on the blank population dataset, but the absolute value of the skewness coefficient does
. not exceed 1, SCPF is obtained by the robust alternative method. Here, median is used instead of mean, and the SD is estimated by 1.4826 * median absolute deviation (MAD) to
Data upload Uploaded data already summarized over replicates B 3 o " 3 .
. . ensure robustness. In case the Shapiro-Wilk test shows significant deviations from normality (p-value < 0.05) and the absolute value of the skewness coefficient exceeds 1, both the
9CV threshold No %CV check performed (no replicates in uploaded dataset) . . . .
b £ 1ol g ber of decimal ” N P ble addi £ robust alterative and the observed percentiles of the blank IF ( method) are d for the d of SCPF. In order to assure the selected FPR
Number of decimal places - Entered number of decimal places to guide precision for possible additive cut-point factor : 3 vith a specified confidence level, the non-parametric SCPF are determined by their one-sided lower limit as established by the empirical likelihood quantiles.
For the 95th percentile a 90% one-sided confidence level, while for the 99th and 99.9th percentiles, the 80% one-sided confidence level is incorporated for the SCPF determination.
Description Selected Option for Flexible Approach In case log-transformed dataset is used, back-transformation is applied to obtain the SCPF.
Analysis for run-specific differences in variances and means on the analysis population(s)  Run differences assessed
Analysis for analyst-specific differences in variances and means on the blank population(s) Operator differences assessed In order to establish suitability of the SCPF, the NC results should represent the drug-naive matrix sample results of the target population. Therefore, the NC values should drift in
Preferred graphical output Extra supportive figures and tables included in report the same direction as the individual subject samples. This is assessed by the correlation of the plate's median (- if applicable - log-transformed) screening values versus plate's
Header name(s) of additional covariate(s) to add (besides analyst) as extra fixed effect's o median (leg-transformed) NC on the blank screening dataset. Als the correlation of the run's median on the whole dataset. Both Pearson’s and Spearman’s correlation coefficients
should be positive in order to confirm suitability.
Targetted Although formal assessment of the analyst-specific differences is performed on sample’s final ADA scoring, differences in means and variances are also assessed on the blank
Cut-Point (Factor) FPR

population as supportive information. Differences in means are assessed by the mixed effects model including £Analyst) as fixed effect and {Plate ID[:Analyst:Run], :Runf:Analyst],

Screening cut-point factor 5% FPR
Confirmatory cut-point 1% FPR
Titer cut-point factor 0.1% FPR

All relevant data paths & analysis info captured

. Dynamic text changes dependent on selected settings
sanofi 20




Reporting Output

End-User Tool for Immunogenicity CP

4. Screening Cut-Point Factor
4.1. Assay Response (Log[Unspiked / Negative Control])
4.1.1. Distribution of Screening Response before Outlier Exclusion
Figure 5: Boxplots of log-transformed screening response values
before outlier exclusion by analyst and run colored by plate
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4.2.4. Distr of Assay R

Analyst / Run

Figure 6: Distribution of the difference of unspiked values over their respective negative control values before
outlier exclusion with parameter estimates for fitted mixture of 2 normal distributions and summary statistics

Unspiked - Negative Control
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Figure 7: Distr

Control assay

response on dataset with analytical and biclogical outliers excluded
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Reporting Output
End-User Tool for Immunogenicity CP

4. Normalization Factor Determination for Screening and Titration Purposes
4.3. Evaluation of Most Appropriate Blank Population Dataset
Table 10: Assessment of distributional properties of blank populations delineated from

untransformed and log-transformed ratios of unspiked values over their respective negative control

Log [Unspiked / Unspiked -
Assay Response Negative Control] Negative Control
p-value Shapiro-Wilk test 0.14475 0.00972 4.5. Screening Factor Determination
Skewness Coefficient 0.24613 0.32241 Table 11: Obtained screening and titer cut-point factors derived from
As the Shapiro-Wilk test on the blank population derived on the log-transformed ratios did no the blank population derived from the log-transformed response data
over their respective NC values were taken forward as blank population for screening NF deter Multiplicative

Cut-Point Factor
Multiplicative screening cut-point factor targeted at a 5% FPR as determined by parametric approach 1.171 (1.17)
Multiplicative titer cut-point factor determined by parametric approach calculated by Mean + 6*SD  1.856 (1.86)

For the datarmination of the aereening cut-naint factar a 5% FPR was farnated |n this blank screening population, 7.3% of the samples are ADA reactive based on the obtained
5.3. Evaluation of Most Appropriate Blank Population Dataset
Table 22: Assessment of distributional properties of blank populations delineated from
untransformed and log-transformed ratios of Spiked values over their respective Unspiked values

Spiked/Unspiked Log-transformed

(equivalent to % inhibition) Spiked/Unspiked

p-value Shapiro-Wilk test 039437 0.3556
Skewness Coefficient -0.2619 -0.281

The confirmatory cut-point has been determined on blank dataset derived on the Spiked over Unspiked response values (without log-transformation) (% inhibition scale), as this
blank population did not provide evidence for deviations against normality as assessed by the Shapiro-Wilk test.

Analysis
sanofi 2



Reporting Output
End-User Tool for Immunogenicity CP

4.6. Suitability of Negative Control for Cut-Point Factor

Figure 8: Suitability testing of negative Table 10: Suitability testing of negative control on
control on plate's median values on blank dataset median values over plates on blank population dataset
459 - Slope Deming Slope simple Pearson's correlation Spearman’s correlation
. - regression linear regression coefficient coefficient
458 Estimate 0.31984 0.27062 055191 0.61905
= p-value . 0.1561 0.1561 0.10173
T 457
=
&
5 456
=) R? 0.305
k]
?-: 4.55
=
S 454
4.53 . 5.5. Identities of the Biological Outliers Identified and Excluded from the Spiked / Unspiked Blank Population Dataset
452 Table 23: Identities of subjects identified
4.54 4.56 458 46 462 464 466 as biological outliers and excluded per iteration
Median(Log[Negative Control]) Round 1 Round 2
— orth | Fit Ratio=1.000 2010373 2020053
cgonal Hit Ratio= 2010411
=" Linear Fit 2010461
2010687
2020008
2020171
2020206
2020439

The blank confirmatory population contains 294 observations with data from 152 subjects. 4 observations were identified as analytical outliers, and 9 subjects (accounting for 18
observations) as biological outliers by the mixed-effects model.
As such, 6.96% of the samples of the original confirmatory analysis dataset have been identified as outliers and removed to constitute the blank confirmatory population for CCP

determination.

View on outliers and description blank population
. Suitability testing
sanofi ’s



Reporting Output
End-User Tool for Immunogenicity CP

7. Final Conclusions

Dataset Descriptives
A total of 144 observations were included in the initial dataset with data of 36 distinct subjects. No %CV check has been performed in this analysis, as no replicate data has been

Figure 23: Scatterplot of % inhibition versus log[unspiked / negat uploaded. As such, the analysis dataset is identical to the intial dataset, retaining all 144 observations tested by 2 analysts in 4 runs.

100 S ing Cut-Point Factor
Blank population has been delineated by iterative outlier removal approach based on the mixed effects model including Analyst as fixed effect and Plate ID (nested within Analyst
Subject A and Run), Run (nested within Analyst) and Subject 1D as random effects.
Sube Subject 15 The screening cut-point factor has been determined on the blank population derived from the Log[Unspiked / Negative Control] response values.
SUDJE[AKKSUJEH . A multiplicative screening cut-point factor of 1,167 has been obtained by the robust altemative approach allowing 5% FPR on the blank population.
For the cut-point factor for titration purposes allowing 0.1% FPR, a multiplicative titer cut-point factor of 1,337 has been established.

Subject 3 : . . .
| I m%bj?c%;? 32 Suitability of the negative control for the screening cut-point factor could be confirmed.

Subject 22

80—

60|

Confirmatory Cut-Point
The confirmatory cut-point has been determined based on the population distribution of the untransformed ratios of Spiked over Unspiked values.
A confirmatory cut-point of 31,63% inhibition has been established by the robust alternative approach allowing 1% false positives on the untransformed blank population.

40-|

% Inhibition

20 ADA Scoring of Samples
Analyst-specific differences were further assessed by evaluating differences in ADA scoring. 33 samples in the dataset were scored as ADA reactive based on the established
multiplicative screening cut-point factor (1,167). 14 of these samples could be also confirmed as ADA positive based on the confirmatory cut-point allowing 1% false positives on

- = the derived blank population. Ne evidence is provided for analyst-specific differences in sample's ADA scering.

+ 8. Data Table(s)

o5 0'0 . 0'5 1'0 1'5 2'0 2'5 3'0 3'5 The pdf file of the analysis data table _ADA_260ct2021_Output Analysis Dataset.pdf has been outputted to folder \\frasdat113\ftpdata\BBB\BCB_globalJMP_CutPoint\Reporty.

Log[Unspiked / Negative Control]

204

Where(6 rows excluded)
92 samples in the dataset were scored as ADA reactive based on the established multiplicative screening cut-point factor (1.274). 60 of these samples could be also confirmed as
ADA positive based on the confirmatory cut-point allowing 1% false positives on the derived blank population.

Overview scatterplots

Final conclusions
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2 Note : all presented data are fictive for illustration purposes only
sanofi



Conclusions

End-User Tool for Immunogenicity CP
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Value comes in automation, harmonization & reduced operational complexity

Allows state-of-the-art immunogenicity cut-point analysis, updates can be pushed to all

teams simultaneously

Standard preferred approach as default with flexible settings for many modalities &

situations

Uniform and automatic reporting

Quick and efficient — reduced effort of human task for analysis & reporting
Includes acceptance criteria checks and diagnostic analysis evaluations

Run in a validated environment and suitable for regulatory submissions

sanofi 25
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Team credits

BAI - Ablynx, a Sanofi company
BCB & TMED - Sanofi
NCES - Sanofi



Thank you
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