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Where are the needs?



The Need: CMC analytical testing of product Q
structure and function A

/7 » Qualify changing test methods f

@ » Can be applied to multiple technologie
» Optimize platform technologies 1 Method Clinical
» Method prequalification Development Efficacy/Safety

Immunogenicity

Clinical Sometimes
PK/PD Studies

{o} » Evaluate instrument/method
{o} o o 2. Method

» Minimize variability Validation
Verification,
and Method

Transfer

PK/PD: Sometimes
Nonclinical PK/PDIToxicology Studies  \GESTTRREICL)

» External Control
» Purity or identity indication

‘ M » Differentiate factors: pgﬁzﬂfr;g?q?;e

CMC Analytical Studies Always

Structural and Functional Characterization

» product-related vs method related
» Ensure consistency across the lab

» The foundation for comparability

The AAPS Journal (2018) 20: 109 DOI: 10.1208/s12248-018:0268-8



Why USP mAbs Reference Standard? Aﬁ‘.‘@

USP mAb standards are physical reference standard that supports
the product lifecycle.

The application of reference standards assists in monitoring method
performance, reducing analytical variance, and evaluating
different stages of research, process development, or production.

As opposed to simply being relevant to a particular drug substance or
drug product, these standards are applicable to product families or
classes as a whole.




USP Biologics strategy and evolving approaches—
enabling a culture of quality Aﬁg@

. o Method . .
> Discovery >>Character|zat|on>> Development >>Quallty Control>> Lot Release >> Stability >

|

Standards development to cover quality testing throughout the overall biopharmaceutical product lifecycle

/Product A (lgG 1) /Product B (IgG 1)\ Product C (IgG 1)\

d 4 N N
Product Specific Product Specific Product Specific

Standard 1 Standard 2 Standard 3
N \ / / » Ensure and demonstrate

methods and process
. performance, system suitability
(lIgG 1) Class specific standard and assays

AN AN
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Evolving Approaches for USP standards

|Product Specific Standards

Product specific quality
attributes:

Peptide mapping, Impurity
Analysis, potency
E.g. Filgrastim system

suitability & Bioassay RS,
Insulin RS

|General Chapters

General Chapters >1000

Informational chapters
E.g.,<1132> Host Cell
Protein analysis

General Chapters <1000
validated methods that
users can verify are
suitable for their use E.g.

<509>Residual DNA: <89>

L[]dot&oxm

Reference Standards

Stand-alone reference
standards — not associated with
a monograph/ chapter

Broadly applicable across
product families or classes.

Support analytical testing
throughout the product lifecycle.™

Include characterization package
. Eg. mAb 001, 002, 003
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USP mAb Reference Standards

<Previous>

USP monoclonal IgG SS <

(<129> Analytical Procedures for Recombinant
Therapeutic Monoclonal Antibodies)

Size Variants - Aggregates

+ SEC

Size Variants - Fragments

+ CE-SDS

USP mAb 001, USP mAb 002,
monoclonal IgG1 | monoclonal IgG1

USP Catalog # 1445539
CAS# 174722-31-1
MW ~147,000 Da
Theoretical pl* 87
Package size 200 pl solution

(2 mg protein
content)

1445547
216974-75-3
~150,000 Da

8.1

200 pl solution
(2 mg protein
content)

USP mAb 003,

monoclonal 1gG1
1445595
912628-39-8
~146,000 Da
8.1

200 pl solution
(2 mg protein
content)

* Calculated using ProtParam (ExPASy) without glycosylation

Column Qualification

CEX
SEC

—

<New>

USP 3 mAb RSs

Glycosylation

7

O

Multi-attribute Methods (MAM)

HPLC
LC-MS

Size Variants - Aggregates
+ SEC

+ SEC-MALS

7 Molecular Weight
/ * Mass spectrometry (MS)
C—

Size Variants - Fragments
+ CE-SDS

Charge Variants

Cief (Added)
icIEF (Added

CEX Chromatography

Deamidation, oxidation, other

Target (Fc) Binding

+ Surface plasmon
resonance .

+ Functional bioassays

post translational modifications
Clipping

Pyroglutamate

Glycosylation

P

b o

* Purple:
Applications included
in initial release

Reference
Data included
in CoOA
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Applications and case studies
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Product Related Impurities N

Assessment requires a combination of orthogonal methods

SEC-HPLC

Monomer - 15.475|

<
N
~
o
e}

T
E
a8
17
=
=
=

Type of Impurity ' Analytical Technique Used

AU

}HMWS Polymer - 11.117
LMWS -19.811

0.000:-

Deamidation/oxidation
N/C terminal modifications | peptide mapping-HPLC/UPLC

Structure/Post and/or MS CE-SDS

115.00

translational (Non-fec)
e Assessmentof Disulfides 110.00
modifications N i
CE-SDS under reduced or Non 100,00 /\
Intact, LC/HC, HMWILMW reduced conditions, HPLC/UPLC
Aggregates SE-HPLC/UPLC,
150.00 E= CE-SDS
(Red)
Productrelated 135.00] i
substances and Charge Variants-associated 2
Impurities with deamidation/ lon exchange HPLC, clEF,iclEF
isomerization 10500, /AW

90.00
0.00 4.50 9.00 13.50 18.00 22.50 27.0

Minutes 1N
LU
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Case study I: Size-Exclusion Chromatography(SEC) column Aﬁ'

* Product-related low molecular weight (LMW) and high molecular weight (HMW) species are critical
guality attributes (CQAs) in mAb products.

— Consistent monitoring these species is crucial across the entire drug production process for controlling mAb
product quality during production and storage.

— HMW protein aggregates and LMW protein fragments are common degradation pathways.
— HMW species often result from non-covalent associations or photo-induced cross-linking.

— LMW species arise from enzymatic or nonenzymatic (chemical) clipping, incomplete formation, or scrambling of
disulfide bonds.

— SEC and CE-SDS provide orthogonal information for analysis of mAb fragments and aggregates.

« SEC columns need to be optimized to have a high resolution of a mAb monomer from a dimer and higher order
aggregates, as well as from fragments.

Challenges:
— Diversity of Size Heterogeneity
— Size range: Nanometers to hundreds of micrometers.
— Formed during manufacturing & storage, persisting after extensive purification.

— Can impact on potency and immunogenicity.
11
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Atis, C., Separation of Monoclonal Antibodies by Analytical Size Exclusion Chromatography, in Antibody Engineering, B. Thomas, Editor. 2018, IntechOpen: Rijeka. p. Ch. 7.
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Example 1:

SEC for quantitation of HMW and LMW impurities

Method

Size exclusion chromatography (SEC),
Capillary electrophoresis-sodium dodecyl

sulfate (CE-SDS)

USP RS * 1gG System Suitability RS

USP GC <129> Analytical Proceduresfor
Recombinant Therapeutic Monoclonal
Antibodies

System » Chromatographic similarity

Suitability | = Consistency of chromatogram in

Criteria

bracketing injection
= % peak area in the bracketing
injections
= Main peak 99.1%-99.6%.
= HMWS: 0.4% — 0.67%
= LMWS: NMT 0.2%

b o

USP Monoclonal IgG
System Suitability RS

Monomet - 15,475

High Molecular Weight
Species (HMWS)

HMWS Dimer - 13.724

Low Molecular

~ Weight Species

E (LMWS)

g

K3

a

:

_A
[*Y <

0 6.00 800 1000 1200 1400 16.00 18.00 2000 2200

SEC can be usedto measure LMW variants, monomer, and high-molecular weight
(HMW) variants in the same analysis yielding a measure of monomeric purity.

Robustly differentiate between Monomer, HMWS (aggregates) and LMW S
(fragments).

User can establishthe system suitability criteria for their method.

12
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Example 2: Aﬁ
Optimize SEC conditions for reproducibility o

Background

Key factors . _Factors ([ - A
L Influencing Reproducibility
for purification aggregation

Increased resolution
between monomer peak
and other impurities

Challenge in protein
aggregation ->
Immunogenic

can happen at

any stage during
expression and purification

Stability during storage:
monitor with Size Exclusion
Chromatography (SEC)

>99% purity is crucial

Removal of high molecular
weight (HMW) and low
molecular weight (LMW)

Monitor pure monomer

\_ N\ ~J J

Separation of Monoclonal Antibodies by Analytical Size Exclusion Chromatography: http://dx.doi.org/10.5772/intechopen. 73321 © 2021 USP

13




Reproducibility is important in SEC analysis of mAbs

175 4 INSTUMent Al Mraryies were Carned Ot UG
n Uinmate 3000 UHELC system mn
w—|0j 1 5 ”:'—' Cotumn: Tor s U VI 3 o .0 e ©
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Figure 10. Reproducibility of 15 consecutive analytical injections of a USP mAb using a 15-cm TSKgel UP-SW3000
column at phosphate buffer pH 6.7. The overlay of 15 injections is shown.

—nj 1

R e —nj2
Chromeleon (ver 7.2) :
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Figure 11. Reproducibility of 15 consecutive analytical injections of a USP mAb using a 30-cm TSKgel UP-SW3000
column at pH 6.2. The overlay of 15 injections is shown.

Low %RSD

 Retentiontime
 Peak area
« Peak asymmetry

Column health
« Defined QC criteria

parameters

b o

Column quality and lifetime

> over a number of injections

X « Same mADb (internal std)

14

Separation of Monoclonal Antibodies by Analytical Size Exclusion Chromatography:

http://dx.doi.org/10.5772/intechopen.73321
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Example 3: Customer experience Aﬁ
Biopharmaceutical Characterization Laboratory from Bangkok o

» Customer needs
— Validate their SEC method for ISO/IEC 17025 certification using HPLC.

» Materials used
— USP Monoclonal IgG System Suitability RS
— USP Chapter <129>

v

Approach taken: Investigated HPLC Condition optimization using USP materials

— Examination of the column performance
* Resolution of peaks, The number of injections, Reagents and solvents

v

Challenge Faced: Column didn’t pass the SSS criteria as per GC <129>.

» USP Collaborated and provided the necessary information and technical support.

v

The reason identified was the sub-optimal column performance. System suitability criteria were
successfully met with the new column.

— This implies a need for additional attention and fine-tuning to optimize the instrument's performance. s

© 2021 USP



Example 4: Aﬁ
Transferring method SEC method from HPLC to UHPLC wh

Background: advantages of UHPLC as compared to HPLC cover the trend

» UHPLC is an advanced separation technique that allows for shorter -
run times, less amount of sample, better chromatographic @
separation, and increased throughput as compared to traditional Ao pecegus o Recomoront Trashote |, a

HPLC. This is made possible by the higher pressure limits in a
UHPLC, which allows for the use of columns with lower particle
sizes.

» USP published a revision of General Chapter <129> Analytical
Procedures for Recombinant Therapeutic Monoclonal Antibodies for
public comment in the Pharmacopeial Forum (PF) 49(3) that now
Includes SE-UHPLC to align with industry trends.

— USP mAb 001, 002, and 003 were tested using SE-HPLC and SE-
UHPLC methods from General Chapter <129>, PF 49(3).

— The study aimed to show comparability between SE-HPLC and SE-
UHPLC using USP mAb RS.

16

USP Blologu:s Appllcat|on note Aggregatlon AnaIyS|s Usmg SE- HPLC and SE UHPLC Methods in USP General Chapter <129> AnaIytlcaIProcedures for Recombmant Therapeutlc Monoclonal Antibodies : https://go.usp.org/aggregation-analy sis-app-
*Q . . g ga 04 © 2021 USP



https://go.usp.org/aggregation-analysis-app-note?_gl=1*8sirx3*_gcl_au*OTg2NDI5MDg5LjE3MDY2ODcxNDE.*_ga*ODA4ODA5MDI5LjE2NTM0NjgwMjM.*_ga_DTGQ04CR27*MTcwNzIyMjU5NS4yMTAuMC4xNzA3MjIyNTk5LjAuMC4w
https://go.usp.org/aggregation-analysis-app-note?_gl=1*8sirx3*_gcl_au*OTg2NDI5MDg5LjE3MDY2ODcxNDE.*_ga*ODA4ODA5MDI5LjE2NTM0NjgwMjM.*_ga_DTGQ04CR27*MTcwNzIyMjU5NS4yMTAuMC4xNzA3MjIyNTk5LjAuMC4w

Results o
V'

USP experimental

= A “l g Table 4: SE-HPLC and SE-UHPLC Results
: :
:: Main Peak :: ﬁn o HMWS 11 07 04
o] Pad 1
oo — ] SE-HPLC Main Peak 98.9 99.2 99.5
. “ Haws || s LMWS <0.1 <0.1 0.1
o HMWS LMwWs ] r—iﬁn f_:_W
o '_k_| I'_j_\ L aswéf:;remulauon o gi gi L ; ““E’"';r:;'e':“"’"“" HMWS O 7 O 9 04
" i i1 J ] T :
A — ‘ e — SE-UHPLC Main Peak 99.3 99.1 99.6
B S LMWS <0.1 <0.1 <0.1
= H o i
010] i .
o] - Main Peak
] Main Peak o110 1/"
- | ‘ » Main peak, HMWS, and LMWS peak percentages for each
2 mADb in both SE-HPLC and SE-UHPLC were within £0.2%
- of their certificate values.
- » Profiles of all three USP mAb samples showed similarity
g S when comparing chromatograms between SE-HPLC and
Figure 2: Representative Size El:;‘lusion Chromatograms for USP mAb 001 Monoclonal IgG1 (A) SE-HPLC (B) SE-UHPLC. Top S E'UHP LC .

images show full spectra while bottom images show zoomed spectra.

17
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Case study | Summary Aﬁ"

USP standards can be used in SEC-HPLC for following applications:

» Purity assessment:

— Documentary standard

« USP chapter <129> ANALYTICAL PROCEDURES FOR RECOMBINANT THERAPEUTIC MONOCLONAL
ANTIBODIES

— Reference standard
* 1gG System Suitability RS
» Column Qualification: Monitoring column health
— Analyze a protein standard mixture with low %RSD in peak parameters (retention time, peak area,
asymmetry, theoretical plates), meeting defined QC criteria.
» Routine Monitoring: Routine users practice
— Use the same mADb as an internal standard for consistent SEC column assessment.

— Ensures reliable results across multiple injections.

» Optimize Instrument Performance 18

© 2021 USP




Case Study | Summary (Continue) Aﬁ"

Implementation of an Advanced Separation Technique

» Increased interest in transitioning to UHPLC methods.
— Revised General Chapter <129> with advanced technological applications.

» SE-UHPLC method offers higher throughput, requiring less sample.

» Study confirms comparable performance of SE-HPLC and SE-UHPLC for USP
mAb 001, 002, or 003.

» Implementation of the SE-UHPLC purity determination method in quality control
requires a verification study per USP Chapter <1226>.

19
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Case study Il: CE-SDS Aﬁ
Method Development .
» CE-SDS: commonly used for Analyzing protein size and purity

— The suitability of such methods must be measured against compendial requirements.

— USP <129> describes analytical procedures, namely size-exclusion chromatography (SEC)
and capillary electrophoresis sodium dodecyl sulfate (CE-SDS), to assess therapeutic purity.

— Generally used under reducing and non reducing conditions to analyze non glycosylated
heavy chain and LMW s or degradation products.

— Can be used to demonstrate CE-SDS method with the USP<129> protocol.
- the comparability between different instruments
- Ease of method transfer between different labs
* Method performance
* Reproducibility
* Protocol optimization

20

© 2021 USP

Biotechne, Application note. Get USP <129> Equivalent Data with Maurice CE-SDS



Example 1-1:
Under Reducing Conditions for Non glycosylated heavy chain o

| Capillary electrophoresis-sodium dodecyl

sulfate (CE-SDS) under reducing

conditions -
/
. oy 10 - ——= H hai
USP RS * 1gG System Suitability RS 150.004 W 47 sew e
! \ Light chain
o‘ = = = = [nternal CE Standard

USP GC <129> Analytical Proceduresfor
Recombinant Therapeutic Monoclonal 135.00 ~
Antibodies

m—— Nonglycosylated HC

E
120.004

System » The main peak of the heavy chain
Suitability | gnd the peak of the

i
Criteria nonglycosylated heavy chain (NG) 105.004 rjl%_"u : 2
can be clearly identified. AR AR

/ \._, \
» The resolution between the 000
: 000 450 900 1350 1800 2250  27.00 3150  36.00
nonglycosylated heavy chain and Minutes

the intact heavy chain is NLT 1.2.

» The ratio of nonglycosylated to
total heavy chain in the system
suitability solution should be
within the limits of 0.75%—-1.34%. o

© 2021 USP




Example 1-2:
Under Non-Reducing Conditions for LMWs Study .

"~
|

A
\
1
1
\

—_—
lgG

Method Capillary electrophoresis-sodium dodecyl 144.00

= = = = |gG main peak

sulfate (CE-SDS) under non-reducing
conditions

USP RS * 1gG System Suitability RS

= = = = Fragment 1

132.004

L T

\
=~
-

£ 120.00

e —

USP GC <129> Analytical Proceduresfor
Recombinant Therapeutic Monoclonal 108.00! £
Antibodies N E

[3

i ——

%

1
1
]
1
1
1
]
1
1
1
I
1
1
1
1
I
1
1
1

o ———

L F4
F’FZ

e

96.00- . o . , _ \“‘-"‘ , B
System = The 1gG main peak can be clearly o o o e T o o
Suitability identified. The resolution between

Criteria the 19G main peak and Fragment 1

(F1) is NLT 1.3.

= The relative amount of the main
IgG peak of the System suitability
solution should be within the limits
of 61.4%—-86.4%.
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Example 2:

Setting up the Instrument performance as per USP <129> protocol

uspe

Running the USP <129> protocol on a customer’s system using the IgG System Suitability RS

mYy

mv

USP Non-reduced Method on | A customer’s system |

M

\

i v . AV

Relative Migration Time

USP Reduced Method on | A customer’s system |

AHC

Lc \
|1 f

l

]

USP Reference Document - Non-reduced CE-SDS B
<]
)
144.00 ]
132.00 2
E
©
o
120,00 &
@ kel
! S
A
108.00 | @ 8 | <
| & 2 A
f S o $; :L_ 1 ! 3 : L
v =
wool .l
0.00 5.00 10.00 16.00 20.00 25.00 30.00 35.00 40.00 v
Minutes
USP Reference Document - Reduced CE-SDS D
o
150.00 T
1
- —
=)
135.00 =
£
@
120,00 b
(1]
2
| 2
fosoo__ ) e f g
#0800 450 9.00 1350 18.00 2260 2700 3150 36.00 R’
Minutes o

Biotechne, Application note. Get USP <129> Equivalent Data with Maurice CE-SDS

Relative Migration Time

» The USP<129> method with
lgG SSS is used to assess
the suitability of analytical
methods.

» It serves as a benchmark for
comparing the performance
and results obtained from
different platforms.

— Non-reduced and reduced
methods both yielded
expected peaks.

23
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Setting up the Instrument performance as per USP <129> Aﬁ
protocol o

Different parameters were investigated during the optimization process

A B C D Method optimization: Different
Sample SDS Injection V Sep. time sample and instrument conditions

c 1 : : | : : _
2 09 Sample Concentration
E -
g gj Sample buffer concentration
o 074% g ; : : . .
eoed 4 ) ¥ ) 4 ] & Separation time

i)_ © - N ~£> co A N ¢+ OO 0O 0 09 O I O 1 O . .

S o e 06 e SFRSET TN NG Injection voltage

< < w0 (u\:l’ n

FIGURE 2. Evaluation of varying sample and instrument conditions.

» Varying sample and instrument conditions were linearly correlated with fragmentation.
» Confirmedthe robustness of the method.
» Demonstrate the comparability of a company’s method with USP <129> protocol

» The method was compared with the USP-reduced method.

24
Biotechne, Application note. Get USP <129> Equivalent Data with Maurice CE-SDS © 2021 USP




Further Method Optimization: Aﬁ
reduced/non-reduced conditions A

Comparison of the USP and a customer’s in-house methods under reduced/non-reduced conditions

Method optimization: Method optimization: S r—
B-ME(B-Mercaptoethanol) alkylating agent (IAM) opfimize customer's in-house
Denaturation time Denaturation time

Compared optimized method

Denaturation temperature Denaturation temperature with USP standards to ensure
suitability for product

requirements.

» Findingsfrom reduced CE- » Findingfrom non-reduced CE-
SDS method optimization. SDS method optimization. Overall, the customer’s in-
. . . house method provided reliable
» Concentration of B-ME » Higher concentration of ] GO BIICST e
. . . < > protocolin bot
norincreasing IAM correlqted with lower oduced and ron-reduced
denaturationtime fragmentation. conditions.
ffected | rofile. on ti
arec e.d gG profile » Shorter denaturationtimes Acknowledged potential need
» Detection of all expected at lower temperatures for further optimization based
peaks, including heavy were also found to cause equrements.
chain, light chain, and lesser fragmentation.
n 2
Mori- ‘HYLUb idLEUI IlledV ’
© 2021 USP

Biotechne, ApE’lif,E‘tiE” note: Get USP'<129> Equivalent Datd with Maurice CE-SDS



Case study Il Summary Aﬁ"

Method development, transfer, and optimization

» Achieve Optimal Excellence: elevate your quality standards by leveraging USP
materials.

» Ensuring Consistent Precision: eliminate variations across instruments in testing.

» Strive for Comparability: Align your results with the USP <129> standard for
comprehensive comparability.

» Enhance Reproducibility and Sensitivity: define the sensitivity of your product by
developing optimized methods, benchmarked against the USP method.

» Pushing Boundaries: perform beyond standards by exploring and implementing
optimized methods tailored to your unique requirements.

26
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Case study lll: clEF/iclEF Aﬁ
Monitoring Assay Performance and Use in Quality Control A

» clEF/iclEF: Charge variants are typically a CQA and are stability-indicating
— Can impact the quality, stability, and potency of a mAb
— Charge profile analysis is commonly part of stability characterization studies and monitoring strategies

— Charge variants arise from

« C-terminal lysine clipping, Cyclization of Glu/GlIn to form pyro-Glu, Deamidation, Amino acid
substitutions

» Methods:

- Standard analysis methods

= Capillary electrophoresis: clEF or iclEF, clEF SCIEX platform (PA 800 Plus), iICIEF (Bio-Techne's
Protein Simple Maurice and iCE3 platforms)
= Cation exchange chromatography: Eluted using pH or salt gradient

* Emerging methods: CE-MS, Multi-attribute monitoring (MAM)

» Can be used to demonstrate clEF/iclEF method with the USP mAb 001, mAb 002, and mAb 003.

« Support method development and system suitability for charge variant characterization, release
testing, and stability testing.

27
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Example 1:
USP mADb RS for Charge variant

Table 4. Theoretical and Experimental pl values of main charge variants
mAb 002 'f mAb 003 determined by clEF
[
| Reference - Experimental pl Main Acidic
l‘ Basic ‘ !
\ Acidic '——‘ﬁ ! Acidic
= S | || ————— mAb 001 60%
Acidic \ f J "
: [ || | |
2 \
i Basic | | . ‘ ‘ \ mAb 002 8.1 7.8 65% 31% A%
A . l"ﬂ‘J ~\A y ‘ v 'w ¢
== _' iH = e M ) S mAb 003 8.1 77 55% 25% 20%
Minutes 7 Minutes Minutes
ClEF SCl Ex platform Table 5. Theoretical and Experimental pl values of main charge variants
determined by iclEF
mAb 001 mAb 002 “ mAb 003
Reference - Experlmental pl Maln Acu:ilc
mAb 001 38%
Acidic
Acidic mAb 002 8.1 7.9 66% 29% 4%
i
Basic fl J] sasic mAb 003 8.1 7.9 62%
N A
] &‘ED E!ﬂl EE( ﬁn 554: ?E T T4 T8 T an am T

20% 18%

- Note: Main peak pl and % species vary based on capillary condition, reagents, instrument
00 730 T40 TED THD BOD B0 240 . .

- method, and integration parameters. VValues are the average from three labs

* Calculated using ProtParam (ExPASy) without glycosylation

Maurice iclEF

» clEF/iclEF provides:

» Isoelectric point (pl) values and charge profile to support identity

» Quantitation for purity (quantitative or semi-quantitative)

» Relative percent of acidic group, basic group, the main peak, and individual species of interest



Example 2: Customer experience.
Large CMO based in South Korea Aﬁ"@)

» Objective:
— Development and validation of iclEF assay.
— Determine their product’s isoelectric point (pl).

» Challenge:

— Despite the effectiveness of the existing method, transitioning to a new model becomes
unavoidable.

— Necessity for method validation

« Adoption of USP standards provides a recognized and standardized framework
= Ensures reliability of the validated method
= Enhances comparability with industry benchmarks

» Solution:

— USP standards met their needs for antibody characterization.

29
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Customer feedback (mAbs)

Do you see any valuein compendial methods vs. other
commercial multiple proprietary technologies (e.qg.,
from proteinsimple, Agilent)?

Yes. for example, ICE from proteinsimple is a
great technology for measuring charge
profile of proteins however it iIs sometimes
troublesome when the current equipment
model discontinues. Generally, most of
clients do not want to change their validated
method especially for a commercial product
but it is inevitable to validate the method
using a new model although current method
Is very well working.

Anonymous scientist



Case study lll Summary Aﬁk

Leveraging USP Standards to enhance mADb production with clEF/iclEF

» Capabilities of clEF/icIEF:
— Provides pl values and charge profile for identity.
— Enables purity assessment quantitation.
— Necessitates thorough analysis due to the stability-indicating nature of charge variants.

» Challenge and Solution:
— Existing method is effective but requires a transition to a new model.
— Adoption of USP standards ensures a standardized framework, enhancing reliability and
comparability.
» Application with USP Standards:

— Utilizes USP mAbs (001, 002, and 003) for method demonstration.

— Supports method development, system suitability, charge variant characterization, release
testing, and stability testing. 31
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MADb Related Resources

32
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USP Biologics

aerrgih
L~

Products =

» USP-NF
— General Chapters
-~ Monographs

» Reference Standards

» Analytical Reference
Materials

» Educational Courses

Categories

» Antibiotics
» Carbohydrates

» Cell, Gene and Tissue
products

» Genomic DNA (ATCC @) —
coming soon

» Heparins
» Impurities
» Microbiology

v

Monoclonal antibodies
Peptides
Oligonucleotides

Raw materials

vy v v ¥

Vaccines

v

v

Knowledge
Sharing

.
Biologics"

&
-

» FAQs

» Regional Scientific
Advisory Panels

Roundtables
User Forums
Webinars

vy v v v

Workshops

Resources

» Application notes

» Analytical Guidelines
» Infographics

» mAb Analytical Guide
» MAM Exchange

» White papers

» Toolkits

uspbiologics @ usp.org



MmADb Analytical Guide

Aﬁ:ﬁ mAb

Biologics® Analytical Guide

Release & Stability

Compendial Tests

Size Variants

Charge Variants

Release & Stability
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Safety
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https://www.usp.org/mab-analytical-guide
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Reference Standards

1478210: Oligosaccharide System Suitability Mixture A
1478221: Oligosaccharide System Suitability Mixture B
1478232 Oligosaccharide System Suitability Mixture C
1478243 Oligosaccharide System Suitability Mixture D

Documentary Standards (USP-NF)

<129> Analytical Procedures for Recombinant Therapeutic
Monoclonal Antibodies

<212> Oligosaccharide Analysis

<1084> Glycoprotein and Glycan Analysis-General
Considerations

Other Resources

Manuscript: USP mADb Ref Stds: Tools to Verify Glycan Structure
Manuscript: Comprehensive Stds for Monitoring Glycosylation
Manuscript: Macro- and Micro-heterogeneity of Glycosylation

Poster: USP mAb Ref Stds, High Resolution Mass Spectroscopy

In-Process
Testing

(Process Monitoring & Control)
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Monoclanal entibedies {mAb) continue to play an ever-ncressing 1ol
Inthi pharmaceutical markat. Half of tha top-ten bast-eall ing drugs
In 2020 were mabs which are 2lso expected to dominate the future
Eaosimilar markst",

physicochemical and blophysical nnsr;melmun bifore thelr

approval. These aralytical requirements can be challenging due to

the complex nature of blaloglcs, such a6 the auscaptibilty of these
el

Monacions! Antibodiss!, <210 Mongsscoharlds Anelysks and 212>
Oiigossecherida Analysis!, 5 wel e In-house methods developed by
participating collsborators.

Table1. General information for the three non-compendial USP
mAl Reference Standards
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Charge Variant Analysis o
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Reference Standards
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(mAbe) play an In
‘the pharmaceutical markst. Blopharmaceutical companies must
charecterize quality attributes of thelr mAba to ensure product
safety, potency, and conslstency. For mAb products, charge varlants
have been identfied as critical quality sttributes (COAS) that must

Doamids
Deamidation af asparaging
dagradation pathway that decrsasea mAbpl Cendiicns ofsivstad

tamparaturs and high pH inoreass the frequancy of deamidation sverts

throughout and | product
Iifecycle b meet the regulatory requirements, The process and
analytical control for ¢harge varlants can be challenging due to the
from both poat (PTMa) such

USPmAbOOI, USPmABODZ.  USPmAlbOO3,

88 glyoosylation and C-terminal lysine clipping as well as chemical

that rasut In product

Bowell i that lswidaly log# 1445539 445547 1445585
avallable 15 a valuable tol for eneuring that tests alecurnpml:iu
- rellablaand duclbl ) naEag BT MeEWE
10 adtion to USP's first mAb Reference Standerd (RS), Use i ORI Uy i
Munmhns\ G amm Sultablliy RS, which Ia referanced InUSP Thewticalpl* 87 o o
‘mmpsm Mmuclmslm.lbodisl’ UEPhaas\wdmbpﬂdthm E“‘W“L““""‘ LT ] n
non-com pendial menockanal antibody RSs (mAb 001, mAb 002, and L
mib 003) to provick & range of reference materials with different Exparmansil bl 5 w n
phyaicachemical properties {Table 1) This will alow sers o slect the _1HEFE”
miet suttable RS for their purposes, 200 yleclution 2004 sokation 200 ol salution
Packagesta  (Zmgpratein  {(Imgprotsn  (2mg protain
cantanl] cantant] acrtant]

The mAb RSs can be used in abroad range of applications,
sarving as:

¥ Intamz| assay control

b Indspend I mtertlfor

¥ Standardization of physkochemicsl testing, such as Intact mass,
charge hetarogensity, stzz varlants, purlty and glycan analyses.
acroas laboratories

¥ Develapment of platform technologles

*Par USP Inhouss methads, see chargs variant applioation nota for mora detalls,

Herewe summartze the findinga from soma of the quality contral
aesays which ara mutinely ussd to establish Iﬂmnﬂnd purr1101
the product
N-terminal d C-terminal ly l

Seyeral PTMe which ocour during blosynthesia confer varistion
In charge, aithar by diract charge difsrenca or by Indusing

changes. Thees chang: pact quslity, atabiltty,
and potency of 8 mAb. N-terminal modifications which can affect
charge Inchde cyclization of N-terminal g tamine (Gln) or glutsmate
(Glu) to form pyroglutamate (pyroGlu). C-tarminal modificatians.
Include the removal of C-terminal lysine (Lys) and the amidation of
proline (Fra). Cystelng related modificstions can elao affect charge,
Including the presence of reduzed cysteine, stemative disuffide bond
inkeige, and formation of trsutid bonds, Sielylsted glycens may also
oontribute to charge varkants.

Tha prasanca or absgnce of heavy.chain C-terrriral lysina ks an Importart
matria for manitoring process conststancy. After bicsyrthests, mib
Cotarmin Iy d i
prooass th invivo (halfifa -1 hour] butis

and oan b d dhuring E

A crdii
comman COA 23 1t can Impaot conformational stability, binding affinity, and
affeator functian 4]

There are multiple analytical techniques like lon exchange
chromatography (IEX), Capillary lscelectric focusing [2IEF) or Imaged
capillary Isoelectric focusing (ICIEF) used for charge variant analysks
This technote ks focused on cIEF and IclEF which e commonly used
snalytical methods for charge warlant analyal.

clEF/iclEF provides:
¥ leoslectric point (pl) values and charge profile to support identity
» for purity I

) FRelathe percent of acidic group, baslc group, the main pesk, snd
Individual species of Imterest

To suppart for mabs, USP hi ped three
non-compendial monaclonal antibody Refarence Standards (mab 0o,
mab 002, and mAb 003) with different physicochemicsl proparties
(Table 1) [5]and & variety of PTM ylelding unique charge profiles ata
range of lsnelecrlc paints

rth th dal

during mulrhlnlnl produation [1]. Dummmmmzmmml
Iysing profle for israrcly 2 CO
significance has e i ey

mm\sd |s pln ulthe Rsa exaluation. mlm\dluun aru!oﬂdlnon
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during processing and storage can change mAb
charge profiles. Charge profile analysis Is commonly part of stability
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Tabla 1. fo
USP mAb Rafarence Standards

USPCatalog # 1445529 145547 1445885
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CIEF, iclEF
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Higher-Order Structure (HO
Characterization of USP Mo

Antibody Referenc
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INTRODUCTION

Therapeatic 5 (mAbs) the
fastest growing classes of drugs for the treatment of wide range of
indications. The mabs market is projected to expand fron $168 bilkon
in2021to $494 billion by the end of 2030.11]

can alter the

processes oc
roperties of

inhigherorder stiucture (HOS) that canesultnenbanced

immunogenicity, increasad aggregation, and loss of biological

function. HOS is a critical quality attribute (CQA) that can impact

the safety and efficacy of biopharmaceutcal products. Monitoring

HOS s, theefore, essential to ensure product quality and stabilty.

of tibodi

AQS'pro

¥ Protein dialyzed overight i its respective formulation butfer to 10
maimL {frst set), modulation rate of 1 Hz and a back pressure of 5
Psi, riplicate measLrements.

» Protein diluted to 2 mg/mL in its respective formulation buffer
(second set), modulation rate of 1 Hz and a back pressure of 5 Psi
triplicate measurements,

RESULTS AND DISCUSSION

CD is the most often used to assess secondary and tertiary structure,

throughout the development and manufacturing process enables

external factors
such as pH, temperature, mutations,or binding interactiors.

an in-depth f the impact
protein quality and may lead to further improvement of product and
process performance (2]

Changes In HOS are especially important in comparability studies.
The o

pectrum signal and s variations are governed by the Beor-
Lambert law, which states that a linear relationship exists batween
the absorption measurements of light st specific wavelengths (the
optical density or OD) of the sample and the extinction coefficient
of that sample. Protein concentration and cuvette pathlength are

Circular Dichroism (CD)

factors that strength especiall ot lower wavelength

I this study, the structural differences of the LSP mAbs were
in amultilaboratory study. The
the platforms show ths

resulting analysis and

the anergy of tha incident light is very high. In addition,
the signal is sensitive to the protein structural changes and more
importantly the formulation buffor. The buffer should ideally neithar
contain CD-active compounds (e.g., histidine), nor contribute to the

the two CD and the IR analyses can distinguish structural diffecances
betwsen the three mAbs and these mAbs can be utilized to
demanstrate repeatability and reproducibility of the methods.

MATERIALS AND METHODS

The CD and MMS spectra of the USP mAbs were collected, employing
the following Instruments and associated parameters.

Jasco J-816 Spectropolarimeter

total g. saltat high

Two sets of the three USP mAbs were prepared. The first set was
diluted in formulation buffer and the second set was dialyzed in
phosphate buffer overnight at 2-6°C. Far-UV CO spectra were then
codiected using O.Jmm cells on the J-815 Jasco system. For each
USP mAb, sl replicates were collected from a single preparation
Each spectrum was then subtracted from the corresponding blank
into mean not
shown here). Conversion to MRE facitates comparison of protein

» Far-UV spectra: path length 01 mm, ma/

molcular woght. Thesecondary

m {dikted or dislyzed in
wavelength range 190-250 nm, DT 8 sec., scan speed 50 nm/
min, eight accumulations, wavelength inerval 0.2 o,

Applied Photophysics Chirascan Q100

> Far-UV spectra: path length 01 mm, protein concentration 1
mg/ml (diluted in formulation buffer or buffer

MRE valuss.
Tha resulting spectra of all six replicate measurements were plotted
as a function of the wavelength and were overlaid as shown in Figure
Tand Figure 2. Monoclonal antibodies have 3 typical B-sheet structure
with corresponding CD spectra characterized by a negative band

centered st -218 nm. The overlaid far-UV spectra of the six replicates
of that

3 190-260 nm, T pol
2:sec., 3 repeats, step-size of 1nm.

have similar rogarciess of the buffr used

Contact Us
Quaations: 1
Orderinginformation:
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USP FDA Biosimilars
Infographic

Biosimilars: Are they
the same quality?

What are
biologics?

Biologics (also called biological products)

include a wide range of products

such as vaccines, monoclonal antibodies,

blood components, allergenics,
gene therapy, tissues, and proteins.

I

0

Biologics are medicines that generally
come from living organisms, which
can include animal cells and
microorganisms, such as yeast and
bacteria’.

They are used to treat a variety of
diseases and conditions, such as
cancer, kidney diseases, and
autoimmune diseases.

What are
biosimilars?

A biosimilar is a biclogic that is highly
similar to another biologic that’s already
FDA-approved, called a reference
product. Biosimilars have no clinically
meaningful differences from their
reference product in terms of safety,
purity, and potency.

Biosimilars have the same:

Route of 3

administration

Strength and
L\ dosage form
to patients D

. Potential
/2 sideeffects

‘ _‘ “b Mim=
5 » Rituxan

https://www.usp.org/sites/default/fil

es/usp/document/about/convention-

membership/usp-fda-biosimilars-

infographic.pdf
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USP Resources for mAb characterization

Ensuring quality in monoclonal antibody
therapeutics with USP standards

= USP’s public quality standards are critical
tools for ensuring the quality and safety of
monoclonal antibodies.

mADb performance standards support
method performance optimization,
minimize analytical variations and
evaluation of system suitability
throughout product life cycle.

OOOOOOOOOOO

Quality Parameters like Glycosylation,
Charge variants, productand process
related impurities can be efficiently and
confidently monitored using these
standards.
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usp.org


https://www.usp.org/sites/default/files/usp/document/our-work/biologics/pmrc-1256-00-2023august-mab-infographic.pdf
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