“Innovative apf oach for the quantitative analysis of
therapeutic monoclonal antibody (mAb), and simultaneous
3 characterization of Anti-Drug Antibodies (ADA)
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Context and aim

Immunogenicity observed in humans is of major safety concern
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Change of PK parameters
Loss of efficacy (nAb)

Immunologic reaction

Severe loss of treatment efficacy
Cross reactivity with endogenous
compound

Induced autoimmune reaction

Interferences in Bioanalytical methods
Jeopardize predictions of PK/PD model

In the immunogenicity world, analytical gold standards are LBA and CBA




Monitoring immunogenicity by LBA

Bridging immunoassay with or without first step acid dissociation
® Qualitative evaluation of ADA is based on Cut-point approach
15t step : Screening test = positive or negative signal for ADA (given some false positive)
2nd step : Confirmatory test = (ex :competitive approach with excess of drug)
3rd step : Titration of positive by serial dilution of the sample to fall under cut-point
4th step : Neutralizing ADA (using CBA or LBA)

® Qualitative approach — No “gold” standard ADA (Rabbit polyclonal or monoclonal ADA is only “representative”)
® Possible interferences in ADA assay (ex : free drug tolerance, soluble target...)
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Can MS be used for large molecule analysis ?
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Why MS doesn’t fit with large molecule — Sensitivity issue ?
10 ng small molecule (ex : MW 500) 10 ng TmAb (ex:1gG1l MW: 150 KDa)

~> 20 pmole ‘ > 0.067 pmole

300 fold less molecules !
TmADb : Therapeutic monoclonal antibody




LC-MS/MS analytical process strategy
From the protein to peptide
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Plasma is not an easy matrix

Albumin (~ 60%)
mg/mL

- Endogenous
- immunoglobulins
mg/mL

Free TmADb

-/
TN He/mi

> Anti-Drug Antibody
- (ADA)

ug/mL - ng/mL

f Neutralizing ADA

Efficient sample preparation and

sitive/specific analysis method is crucial!




Application - Real example from a preclinical study
Total Form of TmAb (h-IgG,)

Quantification of total TmAb using a specific and intense signature peptide.

Precursor ion Product ions
(m/z2) (m/z2)

Denaturation B 380.6
80°C, 10 min LC-MS/MS analysis 63035 :gg.;
. . . B8 o gy 7 m/z — 498.2
Trypsin digestion ’ ] m/z - 552.3
37°C Overnight Lﬁ‘ i :
Biological sample : Plasma Digested biological sample _
* Intact TmAb and ADA s TmAb, ADA peptides e
* Nointernal standard added* and all matrix peptides

TmADb Signature peptide (as PRM signal)
LOQ : 200 ng/mL
Linear range of calibration : 0.2 ug/mL — 20 ug/mL
Assay variability in acceptance criteria < 20%

* No stable isotope labeled internal standard
e Concentration of Total TmAb
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Efficient sample preparation 1/3
Active TmAb + ADA isotype

qrst |mmunocapture

Active TmAb , ‘

ADA

Biotinyl-target

Neutralized TmAb

Endogenous compounds
and nADA not retained*

~ *Conserved fraction for further experiments
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Streptavidin support




Efficient sample preparation 2/3
Active TmADb + ADA isotype

1"t immunocapture

3. ACitiHivoaindigse+ Tryptic digestion MS/MS Universal
IgG peptides
TmAb
signature 18Ga IgG,
‘ eptide

Tryptic p es from T"yd ADA Tryptic peptides from TmAb and ADA
ept es quantification
peply

StrEptdefRHR

TmADb signature peptide

Concentration of active form of TmAb

e ADAisotype

SANOFI !..; E:nfﬂ-v;n'ng f_a;fe.



Application - Real example from a preclinical study 3/3
Active TmAb + ADA detection (isotype)

ADA

4 Acid dissociation

Universal 1gG (Human + Macaca) " 7, TmAb Trypsin digestion

DTLMISR
- , TmADb
arget

16 +

[+

> | _ .
'é = Streptavidin beads LC-MS/MS analysis
(]
£ w0} | Immuno-capture step carried out using biotinyl-TmAb target.
>
: |
:g ’ Specific [
1gG2 w
1 (Macaca) . .
ALPAPR Signature TmAb True. qua.ntlflcatlon .of TmAb (mAb h-IgG1l) through signature
. peptide signal > active form of TmAb
Specific 1IgG (Macaca) *  Some ADA detected as IgG1 and IgG2 isotypes
. | TTPPVLDSDGSYFLYSK
h J' L L._ * Quantification of ADA possible through their specific peptides
& 5 10 15 2
Retention time *  Evaluation of ADA/TmAD ratio
(min)




Efficient sample preparation 1/2
Neutralized TmAb form (on unretained fraction®)

2" immunocapture to purify matrix
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Tryptic peptides from TmAb, ADA and Ig

‘ Universal IgG peptides

IgG, specific peptides
IgG, specific peptides
IgG; specific peptides

IgG, specific peptides
TmADb signature peptide

Protein Aor G
e |

- _ *Conserved fraction from 1stimmunocapture
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Efficient sample preparation 2/2
Neutralized TmAb form

2" immunocapture
(on unretained fraction)

) MS/MS Universal
4. LC-HRMS analyse IgG peptides
\ TmAb
ALY specific 18Ga I8G,
L\ peptide
' N
v, Y
)}
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Tryptic peptides from TmAb and ADA

Peptides quantification
= Universal 1gG peptides
= |gQG, specific peptides
"™ 1gG, specific peptides
= |gG; specific peptides
: IgG, specific peptides

TmADb signature peptide

Concentration of neutralized TmAb



ADA analysis
Total ADA

3. AppiAbHioglgsid washing step

MS/MS Universal

\ IgG peptides
™M

signatude 18G4 G
g N ‘g 2

A4
DA .4-
QW

Peptides quar?trfscaltu!ﬁG peptldes
= |gG; specific peptldes

= Sigfptapekificupgptitles
= |gG, specific peptides
™ TmAb signature peptide

Total ADA + isotype
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Summary of IC-LC-MS/MS for PK and Immunogenicity
assessment

Human plasma containing mainly < ((
*  Albumin ‘ *  Active tmAb
Endogenous Ig g( *  Neutralized tmAb ?:‘ ‘

No Immunocapture Immuno:zpture
immunocapture target l L tm
Immunocapture
-
4 Protein A/G Ny = J
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e b % g" 4 ==~y
“Total” tmAb “Active” tmAb “Neutralized” tmAb “Total” ADA
and linked ADA
Tryptic digestion Aa LC-HRMS analyzes wsims n f pero Peptides quantification
e R V. =TT
\s .
%
e \‘ :
* Quantification of “total” * Quantification of “active” * Quantification of “neutralized” + ADA isotype
tmAb by specific tmAb by specific peptide tmAb by specific peptide
peptide « ADA characterization and *  Possible nADA characterization
isotype (isotype) in any species

SANOF' h} E;ﬂfow:n'ny f_a"’la T-MED



Optimization of IC-LC-MS/MS analysis:

Many steps to explore

[ * * Multi—steps process Optimization * * * ] [
IC and Digestion LC-MS/MS HPLC-MS/MS
Chromatogram IS
Define
LC and MS
mp | oo > MRM SL-peptide
| Mass spectra mAb
W4 tid
Sl HRMS SIM peptide
\/ or MRM transitions
\“I Fragmented |
" peptides

MS and MSMS spectra

Analytical Validation
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|

MRM Specific peptide

>

Pele

Define capture
agent, matrix and
sample size

2

2

-
@

o

Calibration curve

l

Peptides quantification
TmADb quantification
IgG isotypes

®

Select and define specific Assay specificity and Assay sensitivity Assay sensitivity
/universal peptides sensitivity
In silico/ in vitro/ in vivo
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Conclusions and perspectives

o Combination of immunocapture and LC-HRMS is not a substitute to ELISA
assays but give additional information for both pharmacokinetics and
immunogenicity.

o Quantification of total, active and neutralized forms of TmAb is of high
interest for PK/PD evaluation.

o Possible and easy ADA characterization and isotype (non neutralizing forms
mainly)

o IC-LC-MS/MS is an usable tool to obtain additional information for clinical

development of biotherapeutics.
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