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Need for aWe_II Characte_rized Reference Material

Standard Measurements and Standard Materials

Testimony before the U.S. House of Representatives Committee on Science and
Technology (2009) on the need for measurement standards by S. Kozlowski (CDER) , A.
Mire-Sluis (Amgen), and Willie E. May (NIST).

“With the development of new analytical methods comes the need for new standards to
evaluate them.” S. Kozlowski

* Well characterized and certified standard is an ideal means to:
* Assess precision and accuracy across methods and labs.
* |ldentify potential gaps and develop new technologies to fill them.

* Adoption of new technology by correlating existing data with that from new
technologies in a standardized fashion.

* Assist reviewers and sponsors by allowing them to provide/assess methods and
historical data for the standard.
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- NIST mAb Reference Material + Data (SRM/D)

NIST mAb Attributes:
 Humanized mAb (IgG1k) expressed in murine suspension culture

* Frozen bulk “Drug-like substance”
* 100 and 10 mg/mL, 2 98% purity

* 12.5mM L-His, 12.5 mM L-His HCI (pH 6.0)
Definitions:

* In-House Standard: Manufacturer-specific drug substance

 Reference Material: Issued under NIST trademark and established
to be fit for intended use in measurement of nominal property

values. Companion Reference Data
- Standard Reference Material: Issued under NIST trademark and Amino Acid Sequencing

assigned one or more specified property values with associated Amino ACld Ana'VSIS'

uncertainties and traceability. N-terminal Sequencing

C-terminal Sequencing
Peptide Mapping by MS
Approach for 1IgG SRM: S-S Bridge Analysis
- Complete rigorous interlaboratory characterization Glycosylation Analysis
Molecular Weight Information

_ Isoelectric Focusing
« Compile reference data, methods, etc. SDS-PAGE

* End user accessibility to http://igg.nist.gov/ Extinction Coefficient
Post-Translational Modifications

_ _ _ _ Spectroscopic Profiles: CD, NMR
« SRM made available to biopharmaceutical community LC: SEC. RP. IEX

NIST

* Results used for book compilation

« Certify for concentration traceable to the kg
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http://igg.nist.gov/
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Heavy Chain
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Light Chain
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LC-UV-MS/MS Peptide Map
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Post Tranclational Modifications

» Oxidation
V34 K58 > Met, Trp, His
P;,ro-Glu r
K136 »- Asn, GIn
M4 K150 » Glycation
M32* > Lys

W34

‘ \ > Gly oprofile
>

K148 RO Isorerization

W7£,.“ A K249* » [ 1s0-Asp, pyro-Gln

. on 4 il

R ame . > Accelerated stability

LR SOWEN *n > "roduct-related substances
361 K291 > Low abundance in native mAb
W420 K329 > Critical Quality Attributes of
M431 an RM?

C-term Lys truncaticn
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LC-F-MS/MS IgG Glycan “Sec

Murine suspension
hydbridoma

Monoclonal I1gG;x
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Orthogonal Detection Al T

« Accurate m/z identified GlcNAc ManNAc
Glycamine byproduct
« C2 Epimers (a) AR

h Top = MS' Base Peak
Bottom = Fluorescence

* Only detected when use MS
- Monitor labeling efficiency neoF M *
. Unwanted byproducts S W ne1F T aor no2F
+ Co-eluting glycans - A o N
* Process impurities
b) | 2AB C18 BIG

Top = MS' Base Peak

* MS useful during early Bottom = Fluorescence

process/method development

Relatave Fluorescence Units

Time (min)
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Sample Preparation Artifacts
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fAlGl y -
> Improved MS? low . " i - (80 ng)
abundance FAL-Hex AL Her* ' FALG1Gal
> Larger inj. quantity mT /g/ 1P
> No effect on resolution _“nl “::Fﬂm}\ L '\gj\ g 3 j‘-\ Tg
» Apparent glycoprofile I

fAl FA2 FA2G1 FA2G1* FA2G2

FA3G3
FAG2Gel

conditions optimized

method-dependent s I A ot JAB 65 C18 BIG
FALG F361E '
> Biosimilar implications e T ” e L (400 png)
FALHex® = 3
> Regulatory review = ) et | = E
maeiet | S 12
> Numerous sample prep . N E T S

2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)

MATERIAL MEASUREMENT LABORATORY




Interlaboratory Comparison

» Diff. sample prep and method

> Different labels and method Lab 1 Lab 9
» Retention and/or MS ID
» Unique ID’s less than 1% total glycan / \ e
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» SEC AN

> Aggregation 45°C Shake
> WCXand clEF Freeze/Thaw i

» Charge variants
» RPand HILIC UV 1 week
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99.4 99.4 99.3

|||I o1 01 o1 g

monomer

Fraction Collect

* Product variants for detailed analysis

» Forced degraded material for
stability/identity/activity testing
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-
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NIST Chgracterization

*  Separation Science
* SEC, RP, HIC, CEX, WAX

* Mass Spectrometry and LC-MS » Higher Order Structure
»  Peptide mapping, middle down, and intact « NMR
« PTM analysis +  XRD
« Sequence Variant « HDX
* Glycoanalysis *  Biophysical Measurements
« HCP’s « AUC

* Mass Spectral Database + SEC-MALS/DLS
* Peptide MS/MS - CD
* Glycan MS/MS « FTIR

*  Certification of Concentration « AUC
«  AAA * Neutron-Based Measurements
* Peptide IDMS * Fc binding assays

« UV-Vis * Rheology
« Monosaccharide

Current &
Future

Characterization

Industry
Reference
© . Industry mMAB
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ACS Book Project

“State-of-the-Art and Emerging Technologies for
the Analysis of Monoclonal Antibodies™

John Schiel (NIST), Oleg Borisov (Novavax), Darryl Davis (Janssen)

Co-editors

Structure overview — three volumes

mADb Function, Structure, Production and
Regulatory Overview

* The Protein Characterization Lab of Today

» The Protein Characterization Lab of Tomorrow
» Product-Related Technologies
» Process-Related Technologies

Approach

»  Characterization of NIST mAb as book topic

»  Engage industry scientists to collaboratively demonstrate
best practices round robin characterization NIST mAb

«  Establish NIST mAb as Industry Standard

NIST

Industry Collaboration

Contributors

» 65+ Industry, Regulatory, and Academic
participants confirmed

» Global Biopharma Participation

* Multiple NIST and FDA Chapters

» Academia and OEM contributions
» 33 Chapters Confirmed

Progress and Activity

* Interim NIST mAb sent to collaborators for characterization
and book composition

» Complete physicochemical and biophysical characterization
» Chapters currently in peer reveiw
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Conclusion

RM to Supplement In-House Reference Standard Program
« Streamline implementation of new technology
» Assist method qualification
« System suitability
* Widely available historical data
« Harmonize approaches to well characterize
« Assess method variability, utility, etc.
» Differentiate method vs. product related artifacts

Physicochemical and Biophysical Data Generated with industr
wide collaboration

 ACS Book Project

 ASMS Workshop

« FDA/NIST Symposium

Expected Impact

« Underpin regulatory decisions

» Higher-order characterization
o Method accuracy, precision, comparability
o Translate to product safety and efficacy
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