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A complex problem: drug quality and safety

Safety

Is the product safe to use?
(e.g. Immunogenic effects?)

Potency
Does the drug have the expected effect?
(e.g. CDR complementation)

Knowledge
How do changes effect the therapeutic?

(e.g. Oxidation)

" Quality by
] 4 Design
Quality -
How do changes in process effect the product? 8 Desiot

(e.g. Glucose concentration on glycoforms)
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Definition of critical quality attribute (CQA)

A physical, chemical or biological property or characteristic of a drug product that should be
within an appropriate limit, range, or distribution to ensure the desired product quality.

Met and Trp oxidation (Met-O; Trp-0)
N-terminal GIn/Glu (pGlu) >

, (HIC, LC-MS: +16 Da)
(CEX, clEF, IEF,
LC-MS: -17/-18Da) NN

Asn deamidation (Asp)
(CEX, clEF, IEF, LC-MS: +1 Da)

Thioether ’

SDS-PAGE, CE-SDS, LC-MS: -16 Da)

Disulphide
Bonds

Mutations

Asn isomerisation (isoAsp)
(CEX, clEF, IEF, LC-MS: +0 Da)

3 Fragmentation

(SEC, SDS-PAGE, CE-SDS, LC-MS)
Glycosylation Deamidation

Glycation (surface exposed Lys, N-termini)

Met oxidation (Met-O
(Boronate affinity, LC-MS: +162 Da) _ ( )

(HIC, LC-MS: +16 Da)

Aggregation (non covalent and covalent)
(SEC, SDS-PAGE, CE-SDS, A4F, AUC, denaturing and native MS)

Christine Nowak, et al, mAbs, 2017; 9(8):1217-1230.



The concept of MAM - the LC-MS based multi-attribute method

(" RP-LC with
High Resolution Mass Detection
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Retention Time (min)

4.) RP-LC with UV Detection
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Peptides are separated with LC and detected with MS
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MS in QC Lab: Multi-Attribute Method

REPORT

mADbs 7:5, 881-890; September/October 2015; © 2015 Amgen Inc.

Development of a quantitative mass
spectrometry multi-attribute method for
characterization, quality control testing and
disposition of biologics

Richard S Rogers'*, Nancy S Nightlinger, Brittney Livingston', Phil Campbell, Robert Bailey”, and Alain Balland"

Analytical Sciences; Amgen Inc; Seattle, WA USA
IPresent affiliation: Just Biotherapeutics; Seattle, WA USA
“Present affiliation: Zymeworks; Seattle, WA USA
‘Present affiliation: Boehringer Ingelheim Pharma GmbH & Co. KG; Biberach an der Riss, Germany

Characterization

30 minute v LC-MS/MS
. —_— "'j - _
£ Digest 2N

LC-MS only

.

Search Sequence coverage
Mass % + PTM identification
So UL U Algorithm  + Clip identification

Create processing method lo
monitor product quality
attributes

Monitoring Relative CQA

Automated g:gnuﬁcauon QC method
Software Compliant Reporting
new peak
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>400 members
>80 companies

mam

FDA Publications

Impact Story: Transitioning a Powerful Analytical
Tool into Manufacturing to Improve the Quality of
Complex Therapeutics
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Multi-Attribute Method for Quality Control of Therapeutic Proteins

Sarah Rogﬁmd,*’f“z’ Haoheng Yan,* Xiaoshi Wung.g David Powers,* Kurt Brorson, ¥

Bazarragchaa Damdinsuren,” and Sau Lee’

Office of Testing and Research, Office of Pharmaceutical Quality, CDER, U.S. Food and Drug Administration, Silver Spring,
Maryland 20993, United States
*Office of Biotechnology Products, Office of Pharmaceutical Quality, CDER, U.S. Food and Drug Administration, Silver Spring,
Maryland 20993, United States




HR MAM: First Step of a Shared MAM Journey

Sample MS/MS Data Peptide _
Preparation ~ Acquisition Mapping From Research To Routine

Thermo Scientific™
BioPharma Finder™ Software

Target Peptide
Workbook

Attribute Monitoring and
New Peak Detection

=
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Thermo Scientific™

Y|
Chromeleon™ i
Chromatography Data
System (CDS)

| ol

A Erace™ Pl MS1Ony  CQA  Reporting
guadmpole-OrbuilsraHgg"n Acquisition Monitoring

Mass Spectrometer and NPD



Continued Conversations and Partnership

Engagement with Partners

MAM user meetings

Integrated software
ecosystem

Simplified workflow

Common HW platform
from development to QC

Ll User privilege

. "ﬁ'fﬂ _

* Identified gaps in early MAM offerings
* Provided input on future requirements
* Defined major themes for improvement

U Application focused




Fit- for- Purpose

Thermo Scientific MAM 2.0: Purpose-Built MAM Solution

’ D | t \ A scalable software ecosystem for
evelopmen enterprise deployment at global
g scale

Centralized and secure data

Thermo Scientific™ Orbitrap
Exploris™ 240 Mass
Spectrometer for attribute
characterization

Thermo Scientific™ Orbitrap z:lo;ﬁge for seamless knowledge
Exploris™ MX mass detector 9
for attribute monitoring
/) Ease of Use
Compliance-Ready @ + Direct method transfer from

development to QC
*  Audit trail

« User access privilege

«  Automatic workflow execution

« Ease of administration

Dedicated global support team of MAM experts
(HW, SW, Application)

Support
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Fit- for- Purpose

MAM 2.0: Straight through to Breakthrough

An Ecosystem from Development to QC

Development

« Extended Life ‘%

Cycle
* Ease of Operation
* Robustness
* Cost Effective

Thermo Scientific™  Orbitrap Exploris 240 Thermo Scientific™ Orbitrap Exploris MX
Vanquish™ Horizon or Mass Spectrometer Vanquish™ Horizon or Mass Detector
Flex UHPLC system (MS, MS/MS) Flex UHPLC system (Full MS only)

= Common SW and HW Platform
= Consistent Results
= Direct Method Transfer




Fit- for- Purpose
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MAM 2.0: An Ecosystem from Development to QC

Compliance-Ready, Scalable, Fit-for-Purpose

Attribute
Characterization [ , Jemoscenten

Research &
Development

* Enhanced data security and integrity
» Ease of collaboration at global scale

Manufacturing
& QC

PQA Monitoring

* Single compliance-ready
enterprise data system

* Automatic workflow execution
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CQA Monitoring Reporting
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MAM 2.0: Attribute Characterization

Confident attribute identification, Data security, Ease of collaboration

/" Attribute
Characterizatlon

g, “

Research &
Development

Fit- for- Purpose

HyperBridge

/\N
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~

Lab 1 Lab 2 Lab 3
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Attribute Characterization

» Confident and comprehensive attribute characterization
* Enhanced data security and integrity with single sign-on
* Flexible and secure data access anywhere, anytime
 Ease of collaboration at global scale

Connectivity
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PQA Identification — Confident and Comprehensive

Simplify complex processing with superior algorithms

Classic
Prediction Model

Kinetic
Prediction Model

Measured
Spectrum

Kinetic prediction model

Peptide: LRPICGTDGV TYTND
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Attribute Characterization
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PQA Identification — Confident and Comprehensive

Prediction algorithm enables identification of expected and unspecified modifications

Kinetic prediction model

DM(ox)IFNFYFDVWGQGTTVTVSSASTK EEQYN(A2GOF)STRY

:
waspeas o e -
NL:

File: Control_MSMS_09

=
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NL

File: Control_MSMS_09
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g .
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 Expected and Unspecified PTMs
« Sequence Variants Single workflow, Fast Processing!
* Host Cell Proteins

13 Attribute Characterization
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PQA Review and Reporting
Intuitive Interface, Customizable Reports

Sequence Coverage Map Customizable Report Templates

(et e
e BioPharma Finder o
Choose a report template you can start from:
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Enhanced Collaboration at Global Scale

Data security with intelligent version control

S
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Experiment Name “  Version
~ NIST Control Thermal Oxidized 2
Version Created On

2  Current

1 Revert

User Name

Scientist2

User Name

10/6/2021, 10:05:12 AM  Scientist2

10/6/2021, 9:52:11 AM  Scientist1

Status

Completed
Status
Completed

Completed

Completion Time

10/6/2021, 10:06:10 AM 10/8/2021, 10:05:10 AM

Description

Maodified platform method for PQA identification

Last Modified

Default platform method for PQA identification

Welcome
Sign into your account

Manager

Accelerated Method Optimization!

15

Version Comparison

Name: NIST Control Thermal Oxidized
Type: Peptide Experiment

Parameters

Username

Date modified

EXPERIMENTINFO

Processing Method

PEAKDETECTIONPARAMETERS

S/N Threshold
IDENTIFICATIONPARAMETERS

Mass Changes for Unspecified Modifications
Enable Residue Deletion
PROTEINSEQUENCEINFO

Vanable Modifications

Absolute MS Signal Threshold (MS Noise Level * S/N Thresh....

Version 1

Scientist1

10/8/2021, 9:52:11 AM

NIST Stress Default Method

930000

01w 0

False

Gln->Pyro-Glu(NTerm), Lys(CTerm), Lys Loss(CTerm), Deamid...

Version 2
Scientist2

10/6/2021, 10:05:12 AM

lodified Method

530000

129 to 169

True

Change Type

Changed

Changed

Changed

Changed

Changed

Gin->Pyro-GlufNTerm), Lys(CTerm), Lys Loss(CTerm), DeamnidatielCuEee]

b

Attribute Characterization

ivi

Connect
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Enhanced Collaboration at Global Scale

PQA selection for targeted monitoring

B Thermo BioPharma Finder 5.0

g&%’n’{i’ﬁ% BioPharma Finder

| Home | Peptide Mapping Analysis [7] Load Results | Queue | Parameters = Mapping = Report

Mopping | | Target Peptide Workbook | Component 393 2:E296-R304 =.. EEQYNSTYR
Scientist 2 Component 399 2:E296-R304 =.. EEQYNSTYR =
Component 401 2:E296-R304 =... EEQYNSTYR =
Identification Peptide Sequence Modification ‘6
: . B o - Component 405 2:E296-R304 =.. EEQYNSTYR o
g‘;’:‘i’:;:yw account € 1 H  Component 393 2E296-R304 =.. EEQINSTIR AG2F Component 406 2:£296-R304 =.. EEQYNSTYR E
@ 2 M  Component 399 2€206-R304 =.. EEQYNSTYR AIG2F ; o
- g 3 ¥ Component 401 2£206-R304 =.. EEQVNSTYR A2GF Component 408 2:E296-R304 =.. EEQYNSTYR O
© 4 & Component 405 2E296-R304 =.. EEQVNSTYR AGIF G Filters > . EEQYNSTYR
® § @ Component 406 2£296-R304 =.. EEQVNSTYR A2GOF |
=9 © 6 ©  Component 408 2E206-R304 =.. EEQYNSTYR A2GIF DA Export All Components ¥ EEQYNSTYR
""\\\'\4\ @ 7 ¥ Component 412 2E296-R304 =.. EEQYNSTYR AIGIF | Export Checked Components ®
.- \\\._ kil % 8 @  Component 415 2E206-R304 =.. EEQYNSTYR AZGIF q L e o EEQYNSTYR
: b ® 9 H  Component 416 2E296-R304 =.. EEQVNSTYR Ms d Create .mgf File EEQYNSTYR
= 10 v Component 431 2:E296-R304 =... EEQYNSTYR M5 | Run De Novo p(o(egging
® 1 &  Component 440 2£206-R304=.. EEQYNSTYR AIGIF g - EEQYNSTYR
s 12 &  Component 441 2E206-R304 =.. EEQYNSTYR A2GOF G‘ Show Component Information EEOYNSTYR
2 13 v Component 447 2:E296-R304 =.. EEQYNSTYR AIGOF | Save As Peptide Workbook *
% 14 & Component 448 2E206-R304=.. EEQYNSTYR ATGOF a" - ey Al
@ 15 9 Component 453 2£296-R304 =.. EEQVNSTYR AIGO
Manager @ 16 [@ Component 454 2E296-R304 =.. EEQYNSTYR A1G0 Component 448 2:E29¢ Checked
@ W X tompoenl W5 ZEPRIHn. SOPBTR i Component 453 2:296-R304 =.. EEQYNSTYR
% 18 M  Component 499 2E296-R304 =.. EEQYNSTYR AS1G1
19 &  Component 500 2£206-R304 =.. EEQVNSTYR A1SgIF Component 454 2:E296-R304 =... EEQYNSTYR
® 20 & Companent 504 2:E296-R304 =.. EEQYNSTYR Unglycosylated = = e e R e e

PQA Selection Workbook Creation

Attribute Characterization
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MAM 2.0: Attribute Characterization

Research &
Development

Zof

Y
,

/ Attribute
Characterization

i C—,

\_

AR

gE —»

~

L

€

M Flexible and secure data access at global scale for ease of collaboration

Attribute Characterization

A software ecosystem with centralized data storage

ThermoFisher
SCIENTIFIC

mh Confident and comprehensive attribute characterization with HRAM MS/MS
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MAM 2.0: Attribute Monitoring and New Peak Detection

Accurate, confident detection and quantification of targeted attributes and new peaks

Research &
Development

Lab 1 Lab 2 Lab 3

18
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PQA Monitoring

—»lillﬂﬁ

Targeted Monitoring
New Peak Detection

~

=
Fﬁ
B

Reporting

L

» Secure data transfer

Attribute Monitoring

* Ease of collaboration at global scale

* Accurate detection and quantification of targeted attributes with
composite scoring.

» Confident new peak detection using mass analyzer algorithm to avoid
false positives and false negatives



Fit- for- Purpose
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PQA Monitoring — Made more connected

» Target Peptide Workbook

Import target peptide workbook
from HyperBridge
to Chromeleon

Bio®harma Finder Wookbook Selection
Open
Choose HyperBridge repositary folder
¢ > B Vypetiage Repository
» B HyperBridge Repository Fiters: -+
Name + Wpe ‘Created On Croated By Updated On uy

CMDTEST_NIST_Peptide Pepide-workbock 10/4/2021, 1218146 PM. josssh meguie  10/4/202¢, 12:18:36 PM o]

[ms?—v\u,ba!szaw,vc;r’wmmc-wwa 107712021, 55907 PM] Royston Quntyn 107/2027, 515907 P R

ThermoFisher
SCIENTIFIC

Outecton M5 Dutacion M5 Comporart Tible Calbatin M5 Seirgn M5 ey Scmarng SSTARG

Pegtse Table | Composte Scang  Pesk Group Tatle

[ Comporent Tabke
Grovp e Drsgacoumn basder bave oo by teolonn. B Concoreet abiaianed . S Piogerien

CIRY o Pk i) Rk | Veiow | MSOpwee | MSgoim | MSgolews | MSgelmes | MSZHT
3 [FPOholed  BEAMMAGHFETA  EEAMUANOSTA a0 T 2 it

L (DEEGNACHSTYR | EEGYMAIGEFISTIA ¥250 %056

FICa (DEEGMMIOASTYR  EEGMERGHISTIA 320 05045

& P Gheatioat CEAGTFRTR GGG TR I 65074

5P HEGNEGOISTR  EEINGAG ST 820 15045

5 (VEEGMRIGIASTYR  EEGNQAGTFISTIA 5250 15036

7 (HEEGNRSGIFSTYR BB ST [t 65050

8 GlycoMest EEGYNAIGIFISTYR EEGYNAIGEFISTYR 120 05025

2 HEEGRIGHSTYR  EENAIGRSTYA w30 o

0 () EEQMAIGOFSTYR EEGMAIGERISTYR () 030020

11 Ghreebioe? EEGNAIGSTR EEGTMUIGTFETR ) K0S

12 HEEGNAIGIFSTYR  EEGMEATG ST s (-

1 (=3 EEGMAIGIFSTYR EEGMAIGIESTYR 830 65020

14| Giyco ok CECTNSSTIR EEGSTYR a0 K0S

Thermo Scientific
HyperBridge

» Seamless transfer of target peptide workbook

+ Data sharing at global scale

Attribute Monitoring

Connectivity




PQA Monitoring — Higher confidence

2 > Accurate Component Detection
5 .

8 .

E
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Composite scoring to ensure accurate component detection

Peak apex alignment for confirming ions

Within set mass tolerance

—— —
T6- lon = 418.2174-418.2240,418.7188-418.7264.419.2186-419.2264 419.1191419.7269 | . (+2) DILMISR Apex  FTMS + p ESI Full ms [200.0000-2000.0000]
5068 GV MER L 418.2201
B counts IRT=17.46; Area=4.3e+7 100 -
=
' 1.4 ppm
| 751
¥ min
] ! 2.6 m
et Ton = 416 2174418 2240 $l
47 (+2) DTILMISR 504
3.0e8 T
counts T=17 46, Area=2.7e+7 4187210 1 0 ppm
2.0e84|Z
§ 25_
. 419.2216 48 ppm
T
o lel o Ton =418 7166418 7254 3 419.7205
47_(+2) DTLMISR e
1ide8 — IRT=1746, Area=126+7 -10-
1.0e8] % 417.15 418.00 419.00 420.00 42070
| \ R
O [ENISTmAD_01
' i
== —— min 100
< 0eTm Ton = 410.2186.419.2254
\ 875 . .
v 17(-2) DTIVIER z Matching isotope
’ counts TRT=17 46, Area=3 0+6 g 1 -nin :
o N £ 625 distribution
25e7] |z | s
S \ £ 50
| ‘ i ® 375
2Uct o i =S T AIT20 2
o 47 (+2) PTILMISR 125
S — T IRT=17 48, Arca=4 7e+5 0
N \ =S o o el
Kl 5 S < &
= I q S 8
S o [ & I
o = > >
_ T T T T
o min (+2) DTLMISR
16,96 1275 17,96 )" Retertion Tme | Component Area [ Rel. Peak Area | lsotopic Distribution | Compound View A

Attribute Monitoring
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ThermoFisher

PQA Monitoring — Made simpler

>

Intelligent Peak Integration

Select detection reference for consistent start and stop peak integration

Define mass tolerance threshold per component
«  Ability to mass resolve peaks that are difficult to resolve chromatographically
*  N387 deamidation (PENNYK peptide)

% 1840 g5038] N
1 | Native
75 848 715:4 lasansi PENNYK
I
50 | 1
1 1 849 71518
- —. 25 | 1
MS Chromatogram Settings (7 | I 850.04975
Mass Precision 713- : : =
Decimal Places: 5 s 848.08 |849.00 | 850.00 850.67
Mass Tolerance (default value = 500 MMU) : 1 Ty —
Manually define mass tolerance Units: | PPM v | : PP
[ [ Specty mass tolerance per component ] 100 - 3 CRTeqE —————
TS wE— u o
s LI 75 1 | 84971206 PENNYK
f49.04362
I
[ Inhib integration for TIC channel 50 1 |
) | I 850.04659
Smoothing 3% | 1
Toe G = Ports: [7 . | I 850 37776
J 0 !
1

-10 1
848.08 1848 1 850.00 850.67

Attribute Monitoring




Fit- for- Purpose

PQA Monitoring — Made simpler

Select detection reference for consistent start and stop peak integration

Define mass tolerance threshold per component
«  Ability to mass resolve peaks that are difficult to resolve chromatographically
«  N387 deamidation (PENNYK peptide)

Set mass tolerance to 8ppm

° 73 - (+3) GFYPSDIAVEWESNGQPEN[Deamidation]NYK

. ] T
counts. I R'I" 99; Area=4.0e+7 =S |ERmTheoretical sstspic Distribution
o ! -
Seeeg
: . G 5585 ‘ o5
» Intelligent Peak Integration 3
5
‘ E 75
£ 825
=
2.0e6 E 50
° ¢ 375
25
12.5
° 1.0e6 0
= = o .
© o g %5
5 = 3 <
= 5 5 =
> 3 3 8
° 0001 = I (+3) GFYPSDIAVEWESNGQPEN[Deamidation]NYK
4055 4100 43100 4400 44 .55| o Tiee [ ComporeAres [ PR, tetopic Dsrbution { CormpairdView 9
Set mass tolerance to 3ppm
3506 73 - (+3) GFYPSDIAVEWESNGQPEN[Deamidation]NYK i i RIS TrABL0L
’ counts ) [EMTheoretical Isotopic Distribution|
— o T 100
30e6{|5cct: Peak 2
3888 = 875
L Peak 1 EﬁaTi
2.0e6 |RT=42.55; Area=3.54+5 =
: 2 50
=
& 375
25
1.0e6-
125
0
© ° g &
< 2 = .
0.0e0-{H—— , 1 ITRTIT) g ; g g
S T T T T T 1 cg E?’) g lua)
-5.0e5 e (+3) GFYPSDIAVEWESNGQPEN[Deamidation]NYK
- 44.55 \__Retertion Time | Component Area | Rel. Peak Area ) Isotopic Distribution [ Compound View THEAE

Attribute Monitoring

Ease of use
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PQA Monitoring — Accurate Quantitation

» PQA Quantitation

Relative Abundance %

50%

40%

3

S
EN

20%

10%

0%

o~

2.6 %

A2GOF

NISTmAb PQAs on Oribtrap Exploris 240
<5% RSD

4%
“““““ I o

A1GOF A1G1F A2Gal1G1F M5 Unglycosylated

4.0%

2.5% l Y /

‘ ||||||| 25%  32%  23% 35%  41%
IIIIIIIIII IIIIIIIIII ARNNNNEENN meeerEEEEl seesssmes -

A2G1F  A2G2F A1GOF A1G1F A2Ga1G1F M5 Unglycosylated
NISTmADb PQAs

mInj1 ®Inj2 ®Inj3 =Inj4 =Inj5 mInj6 mInj7 mInj8 mInj9 = Inj 10

Attribute Monitoring
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PQA Monitoring — Customizable

» Customized Reporting

Glycosylation ThermoFisher
SCIENTIFIC

ane TomoaE 1 STAD_Traning_1T0CES1 Creama On 1wocts 1701
paumer @ Exsctive s Sroitrap Upaaeg On 210wt 15:16 W

oax Tros b
2 paczon 15T man_wsefY_1 62
Frocessing LTS 1ISTmAB seclits PQA For Apphiote
L5 Acqutzon Tioe pusj nn h]
Lietnas Langs v} s
e T Py 125
low vase ChromesonLod Crenea gy hachuaniu Y
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Sequence Info

Ratio Table

Peak Area Table

Graphical View
of the Result
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PQA Monitoring — No missed information

Non-targeted MS processing

» New Peak Detection

ThermoFisher

SCIENTIFIC

Mass Analyzer algorithm harmonization for new peak detection

Select Task To Be Performed
| Find All lons in the Run

Peak Detection

Absolute MS Signal Threshold
{MS Noise Level * /N Threshold)

MS Noise Level

S/N Thresheld

Beginning Peak Width (min)

Typical Chrematographic Peak Width (min)
Ending Peak Width (min)

Maximum Chromatographic Peak Width

(min)
Use Restricted Time

Time Limits

lon Alignment

Maximum Retention Time Shift (min)

[] Show Advanced Parameters
Peptide Identification
Search by Full MS Only
Use MS/MS

Maximum Peptide Mass
Mass Accuracy (ppm)
Minimum Confidence

Maximum Number of Modifications for a
Beptide

26

Attribute Monitoring

D Yes ® No

70.01

147

| Use Al MS/MS

Control Injection

1 + | |Reference Sample 3ug lgG

Select Task To Be Performed
Find All long in the Run o

V| Auto-compute basic parameters | Preview
Peak Detection

Absolute MS Signal Threshold  [5ha9en0
{MS Noise Level * 5/N Threshold) :111333)0

M3 Moise Level |5300.00 od
S/N Threshold 1 195.00 = |
Beginning Paak Width fmim) 0.17 B '
Typical Chromatographic Peak Width {min) 0.20 o
Ending Peak Width {min) 0.53 o
Maximum Chromatographic Peak Width (min) 255 o

Time Limits fum) 500 3 | - 70.01 3

_ Mass Tolerance ¢ 10 -
{ppm for high-res or Da for lowres) = .t
Mass Accuracy  6.00 o
len Alignment
Masimum Retention Time Shift fmin) | 1.47 =
Show Advanced Parameters

Identical parameter settings
used for NPD




PQA Monitoring — No missed information
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Mass Analyzer algorithm harmonization for new peak detection

Non-targeted MS processing

Positive control: 15 new peaks from PRTC spiked into NISTmADb digest

Thermo Scientific Pierce Peptide Retention Time Calibration mixture components and properties.

The peptide sequences, peptide masses and chromatographic behavior of each component of the

§ ° Pierce‘Peptide Retention T_ime C_ali_bration Mixture are g_iven below. The position and identity of the
E‘ heavy isotope-labeled amino acid in each sequence is indicated in bold.
a ° Peptide Sequence Mass Hydrophobicity Factor (HF)
5 1 SSAAPPPPPR 9855220 7.56
",' O 2 GISNEGONASIK 1224.6189 15.50
E 3 HVLISIGEK 990.5589 15.52
° 4 DIPVPKPK 900.5524 17.65
5 IGDYAGIK 843.4582 19.15
» New Peak Detection 6 TASEFDSAIAQDK 1389.6503 25.88
7 SAAGAFGPELSR 1171.5861 25.24
8 ELGQSGVDTYLQTK 1545.7766 28.37
9 GLILVGGYGTR 1114.6374 32.18
10 GILFVGSGVSGGEEGAR 1600.8084 34.50
11 SFANQPLEVVYSK 1488.7704 34.96
12 LTILEELR 995.5890 37.30
13 NGFILDGFPR 11445905 40.42
14 ELASGLSFPVGFK 1358.7326 41.18
15 LSSEAPALFQFDLK 1572.8279 46.66

26 Attribute Monitoring
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PQA Monitoring — No missed information

Mass Analyzer algorithm harmonization for new peak detection
Non-targeted MS processing

Positive control: 15 new peaks from PRTC spiked into NISTmADb digest

(]
7 Reference Sample 3 uglgG Reference Sample 3 ug 196 FTMS + p ESI Full ms [300.00-1800.00]
. 6.0e1 . 1004
: counts : % SM:215
CJ =
° 9 Z
I}
c 0.0e0 RF:A274 £ 504
o c
9 =
o s
. [}
x ] min| ) miz
° _?'?gj/ 7 Spike Sample 3 Ug 16 0.5 pmol PRIC 108: Spike Sample 3 Ug 136 0.5 pmol PRTC FTMS + p ESIFull ms [300.00-1600.00]
: 1| counts i : % 493.7691 SIN: 493
C) =
P g
@
° 2 5.0e6 £ 504 494.2700
Qo c
2 =
2 . = 494.7710
o min o 493.2694 ‘ miz
-1.0e6 ; - 0 : L : ;
° 12.18 12.50 13.00 13.40 491.06 492.00 494 .00 496.00 496.78
Time [min] Mass [m/z]
Component Number RT (min) Mz Charge State Mono Mass Exp. Control MS Area WS Area 1S Area Ratio
> N W P k D t ti n 1 £ 1278 493.769 E 985.5238 0.00E200 1.23E+06 NaN
e ea e eC O 124 1327 613317 3 1224 6188 379802 1.16E+08 307174
156 41 496.288 E 990.5605 2658402 2628406 959182
185 1751 422737 3 843.4569 2268402 2052406 9066.35 .
187 1754 451.283 E 900.524 0.00E+00 4038405 NN pe ptl d eS We re
35 2050, 695533 3 1388.6512 148E+01 B.00E+05 5403485
276 2410 596,800 E 11715863 0.00E+00 174808 NaN d t t d 'th
310 2785 773586 3 15457773 0.00E+00 1.038+08 NaN e eC e WI
3 36.08 558.326 E 11146372 0.00E+00 2588406 NN
444 3656 745391 3 14887682 0.00E+00 1.80E+08 NaN <5 ppl l l I I IaSS
143 37.07 801.412 E 1600.8082 148E:02 1.48E+08 10025 85
466 42,18 438,502 3 995 5302 515602 3.40E+06 861162 error
182 4644, 573302 E 1144 5895 0.00E+00 2258405 NN
505 4365 680.374 3 13587332 351E02 2.31E06 8570.09
542 53.08 787.420 E 1572.8264 S57E:03 9.75E+05 17514

Attribute Monitoring

Ease of use
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PQA Monitoring — No missed information

Mass Analyzer algorithm harmonization for new peak detection

Non-targeted MS processing

» New Peak Detection

ThermoFisher

SCIENTIFIC

Removing targeted components to avoid false positives

Component Results Filter (0 of 662} with rule "Filter Targeted Components

[+] Fitter targeted components which match within the following tolerances:
Retertion time: (@) [050 | min 0 200 |%

M/z: O [0.00000 | amu @ [5.00000 | pPM

Apply targeted filter to filter out
PRTC components

...........

\ Companent Number | RT (min) | Wz | Charge State

a
Mono Mass Exp. Control MS Area MS Area | MS Arez Ratio

All results have been filtered

Attribute Monitoring
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Summary: Attribute Monitoring and New Peak Detection

Research &
Development

N
. -
—_

N

/ PQA Monitoring

~

i

i Reporting
Targeted Monitoring
New Peak Detection /

A software ecosystem to facilitate collaboration at global scale

Composite scoring to ensure accurate detection of targeted peptides

Intelligent peak integration to ensure accurate quantification

Improved new peak detection (NPD)

Attribute Monitoring
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MAM 2.0: CQA Monitoring in QC

Compliance-Ready, Built-for-Purpose, Simplicity

* Purpose-built orbitrap mass
detector

» Automatic workflow execution

+ Single compliance-ready
enterprise data system

4 )
Manufacturing [J%
& QC -+
Reporting
CQA Monitoring
- /

CQA Monitoring in QC



o
[72]
o
<
S
=]

a

1
1
L

1
=

i

31

Orbitrap Exploris MX: the mass detector built for QC

* Built on the same Orbitrap technology
« Full MS scans only
- Resolution: up to 180K @ m/z 200

- Mass accuracy: 1-point calibration achieves <3 ppm RMS drift
over at least 4 weeks

- m/z range: 40-3000 (up to 8000 with BioPharma option)

» Consistent unit-to-unit performance

”I‘\i /'l‘\ : &
J

« Compliance-ready

- Ease of operation
- Direct method transfer from Orbitrap Exploris 240
- Automatic workflow execution

- Extended life cycle

» Cost effective

CQA Monitoring in QC

Ease of use



Orbitrap Exploris MX: Consistent Performance

5 -
. One-Point Calibration
3 NISTmAb N-Glycosylation, N= 10
E' 40%
g -]
=
8 17
o o E ’ _k
=] «© - G V
n- E . ‘ : v | N ) ““‘Il“l
1 o -
= 2 ¥ ¥
2 i X NI g
= ) -3 10% e
. 9 tryptic peptides “““ml
-4
« 19 injections per data point o LU LI LT T E—
-5 ¥ ¥ A2GOF A2G1F A2G2F A1GOF A1G1F A2GalG1F Unglycosylated
0 1 2 3 4 5 6
time point [week]
< 3ppm mass deviation over 6 weeks Consistent CQA measurement with RSD< 4%

32 CQA Monitoring in QC



ThermoFisher

Orbitrap Exploris MX: Consistent Performance

Peptlde RT reprOdUCibiIity across 3 LCs NISTmAb N‘GIVCOSVIation N= 10
50 Vanquish Flex#1 | Vanquish Flex#2 | Vanquish Flex #3 am%
| ‘ 1
,\45 eeesscscscscsssleceecsscscscccclecccccecscsnce
LB B B BN BN BN BN I 1 [ EE EE ) [ BN B BN N} AT EER]
3 '540 ::ooo.oooc-%...........;o--oo-:cooc. e o
o 3 35
Bl £5) sesssssssssfesnenssnensforsnnnnsnes o
o = 1 1 20%
D c 25 ees oo e i
[l 5o [Prrrersmenslessss o Sen Il
Bl 2 |SiEsEfiEilgasetsscesaaas st " —
E &)15 SRR e A R ..'......'.l............ 10% A1GOF ALGIF A2GalGIF Unglycosylated
e BB BT “““l“l
5 " ]
0 10 20 30 40 | o LU LI LT T E—
|nJect|On # A2GOF A2G1F A2G2F A1GOF A1G1F A2GalG1F Unglycosylated
15 peptides, RT across gradient Consistent CQA measurement with RSD< 4%

%CV between 0.13% to 2.89%

33 CQA Monitoring in QC
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ThermoFisher

Consistency with Easy Method Transfer to QC

Seamless method migration from development to QC

Cross platform comparison of NISTmAb PQAs
50% (Instrument-to-Instrument variation %RSD)

1%
%

o RSD< 10%

o
30%
20%
10%
0%

Orbitrap Exploris 240
Mass Spectrometer

MAM eWorkflow

2
2
i)
3]
1]
=
c
[e)
(&)

Relative abundance %

3
5.0%
4.0%
3.0%
2.0%
Ul w
oo I m
III 9% 7% 3% 8% 9%
i EEE e e

A1GOF  A1G1F A2Ga1G1F M5 Unglycosylated
A2GOF A2G1F A2G2F A1GOF A1G1F A2Ga1G1F M5 Unglycosylated
Product Quality Attributes

m Orbitrap Exploris 240 ® Orbitrap Exploris MX #1 ® Orbitrap Exploris MX #2

Orbitrap Exploris MX
Mass Detector

CQA Monitoring in QC
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. . ThelrlEnNoTFsthler
Automatic Workflow Execution s¢ c

Acquisition Method | o

Sequence Layout .
View Setting . ‘
Processing Method e P

MAM eWorkflow

1_

oo o =

Reporting Template

Sequence Setup Rer;ort

« Seamless method migration from development to QC
« Secure method transfer

« Easy workflow setup and execution for users at all levels

CQA Monitoring in QC



ThermoFisher

MAM 2.0: Built for Compliance End-to-End

Secure login
with role-based
permissions

Chromeleon 7
Chromeleon Console

eWorkflows to
automate sequence
creation

i

Audit trails
automatically
l record all activity

Managed Access to
Instruments with full

event logging — i — m

Automatic data

processing and ﬂﬂ M

comprehensive reporting e

CQA Monitoring in QC



Summary : CQA Monitoring in QC

Compliance-Ready, Built-for-Purpose, Simplicity

Fit- for- Purpose
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ThermoFisher
SCIENTIFIC

» Orbitrap Exploris MX delivers consistent and robust performance

v' Same platform as Orbitrap Exploris 240

v' Same high-quality results with same instrument parameters.

v Mitigates method re-development for QC transfer
« Automatic workflow execution

* Chromeleon CDS - complete suite of compliant tools

NISTmAb N-Glycosylation, N= 10
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Manufacturing
& QC

\_

Reporting
CQA Monitoring
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CQA Monitoring in QC




MAM Expert Support Team

» Supported by a dedicated MAM focused team.
* Application scientists
Service engineers

Train
' Software experts

« Combination of on-site and remote training
customizable to meet your needs.

« A dedicated support process to quickly
connect you with the right MAM expert.

Support



MAM 2.0: System Performance Evaluation Tests (SET)

* Instrument performance tested for MAM application requirements

* An LC-MS test run by MAM support engineer to evaluate system performance against a
comprehensive set of acceptance criteria that are relevant for peptide mapping and monitoring

Sample — g — Process and Report

SET eWorkflow

~

Thermo Scientific Thermo Scientific™ v ish Hori Orbitrap Exploris 240 or  Chromeleon CDS for data
. ] Hvpersil GOLD™ anquish Horizon ) ) e .
Pierce™ BSA protein yp Flex UHPLC Orbitrap Exploris MX acquisition, processing,
\ digest ) kVanquish c18 column ©f Mass Spectrometer and reporting /

https://www.thermofisher.com/us/en/home/industrial/pharma-biopharma/biopharmaceutical-analytical-testing/multi-attribute-method.htmi

39 Support



Summary: Thermo Scientific MAM 2.0

End-to-end, compliance-ready platform for deployment from development to QC

A software ecosystem for connectivity at global scale

» Seamless method migration from development to QC
» Automatic execution of entire MAM workflow in QC

Same Orbitrap platform - Direct method transferability

Fit for Purpose

Orbitrap Exploris MX is purposely built for QC

» End-to-end compliant tools in Chromeleon CDS

» Dedicated MAM expert support team

Attribute Characterization Attribute Monitoring CQA Monitoring in QC
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Thermo Scientific MAM 2.0

DEVELOPMENT

Where

development
&
quality control

come together

Support

ThermoFisher
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