Black Box,
Fantasy, or Godel’s

Knot?

Why mass spectrometry in
Biopharma is none of these
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1. Mass Spec Basics and Timeline
2. Case Study 1: It's not what you‘thi:nI:( |t rs
3. Case Study 2: we told you so!
4. Future Planning: there's a way:o:u’% :

5. Questions



(Modern) Mass Spec Basics

Separation lonization lon Separation lon detection (Spectral)
Device system Output



(Modern) Mass Spec Basics - Caveats

Separation
Device

Molecule
specific
Needs method
development

Interfacing to
MS: MATRIX
dependency

lonization

system

Technique
specific - not
universal

Charge reliance
therefore
matrix
dependent

© Protein Metrics | Proprietary & Confidential

lon Separation

SIZE
dependency

Molecule
dependency
(MS types)

Mass to charge
mechanisms
(NOT Mass!)

lon detection
CONCENTRATION
DEPENDENT -
Limited dynamic
range

Subject to

INTERFERENCES

(Spectral) Output
- HUGE data load

- Needs
INTERPRETATION

(and so now
SOFTWARE)

@ Protein Metrics




Mass Spectrometry Development Pseudo-Timeline

Wide variety
of ‘general’

tools

Magnetic sectors,
Quadrupoles, GC.

=
fiee

{14 .*""-
" U 6T
= "

New
lonization
k techniques

Lo _,;“gy,-: Bes Quadrupol s
https://player.vimeo.com
/video/68728880

Tandem
Mass spec

(MSMS) and StEms
high M

Resolution

Operations
ona

separations

scale (GC

Very ‘High
Mass’
instruments

https://pubs.acs.org/action/showCitFormats?doi=10.1021/jasms.4c00348&ref=pdf

WHY IS ESI SO DOMINANT?

Electrospray

Molecular Weight

Thomas . Sharp; Pilzer Global Researeh and Development

Dominance of
Electrospray
(ESI).

- Moves to ‘structural
biology’




Scientists can Confuse Accuracy and Precision....

Almost always one or the other, not both
- To be ‘both’ they need:

Calibration
Standards
SOPs/ Reproducibility
Expertise?

RIGOR!

With thanks to David Muddiman, and Diana Ayerhart:
https://www.asms.org/docs/default-source/what-is-ms-booklet/whatisms-

poster-side-only landscape.pdf?sfvrsn=117b70c3 0

Concept 8: Accuracy and Precision

Mass spectrometrists always say:
Mass spectrometry is very accurate and precise.

Reality:

Mass spectrometrists confuse
accuracy and precision.

Accurate, Not Precise Not Accurate, Not Precise

NC STATE UNIVERSITY



https://www.asms.org/docs/default-source/what-is-ms-booklet/whatisms-poster-side-only_landscape.pdf?sfvrsn=117b70c3_0
https://www.asms.org/docs/default-source/what-is-ms-booklet/whatisms-poster-side-only_landscape.pdf?sfvrsn=117b70c3_0

Case Study 1

It’s not what you think it is




What did the Biosimilar Company do?

Company A planned to launch a Biosimilar as soon as the Patent for the
Innovator expired.
They also knew they had a competitor entering the market.

Apply
Analytical
Engineer Cell § Tools heavily

Compare

Plan Market Obtain Innovator

Submit and

entry by X Innovator

date Sequence market it!

and
Biosimilar

line to reduce
clinical
burden

8 © Protein Metrics | Proprietary & Confidential @ Protein Metrics



Analytically LC-UV-MS Looks the same...

Peptide Map using LC-UV-MS is no different visually, or even above a given threshold
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The Coverage map is just fine

By mass, everything that is expected is indeed matched - well, to 98% anyway ...

Protein Coverage View

Protein Coverage  * | |t ﬁ

=
Sample Protein Protein covergge Protein coverage | Protein molecular Protein isoelectric
name name summary percent weight point
Currently checked gi[00T|NISTLC NIST_REFSTD_LC 213 of 213 100,00 3123.59 772
Currently checked gi[002|NISTHC MNIST_REFSTD_HC 442 of 449 98.44 9451.66 8.05
y A
gi| 001 |NISTLC NIST REFSTD LC
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

DIQMTQSPSTLSASVGDEVT ITCSASSEVGYMHWY QQKPGRAPKLLIYDTSKLASGVESRFSGSGSGTEF TLTISSLOPDDFATY YCFOGSGYPFTEFGGGTEVE LERTVAAPSVE IFFPSDEQ LESGTASVVC L LNNFY PREARVOWEVDNALO SGNSQESVTEQDSED STYSLSST LT LSKADYERHRVYACEVTHQGLS SPVTESFNEGEC

CDR-L1 COR-L2

gl| 002|NISTHC NIST REFSTD HC

10 20 30 40 50 60 70 80 50 100 110 120 130 140 150 160 170 180 150 200 210 220 230
QVTLRESGPALVRPTQT LTLTCTESGES LSTAGMSVGWIRQPPGRALEWLADIWWDDREEYNPS LKDRLT I SKDTSKNQVVLEVTNMDEAD TATY YCARDMIFNFYFDVWGQGTTVTVS SASTKGPSVFELAPS SKS TSGGTAALGCLVRDYFPEPVTVSHNSCALTSGVETF PAVLQSSCLYS LS SVVTVESSS LGTQTY ICNVNERPSNTRVDERVEPKSCDRTHTCE
CDR-HL COR-HZ COR-H3

240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440
PCPAPELLGGPSVF LFPPEFPRDT LML SRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHQDWLNGRE YKCEVSNEA LPAPTEKT I SKARGQPREPQVY T LPPSREEMTENQVS LTC LVRGFYPSD IAVEWE SNGQPENNYRTTPEVLDSDGSFF LY SELTVDKSRWQQGNVE S CSVMHEALHNHY TQRS LS LS PG

Yes, it’s the NIST mAb, but you get the point ;-) ...

1 © Protein Metrics | Proprietary & Confidential




Key Criteria by mass spec are met:

v Biosimilar Primary
Sequence matches to
Innovator by mass

v Coverage shows all the
matches

v Expected modifications
are identified

HOORAY!




So, there’s no problem, right?

Innov8r

Wrong!
There are unknown unknowns!

Company A:
AT NN S /\/\A{\ﬂ[\\

“It’s ok, it’s below threshold”




The Coverage map is NOT just fine by MSMS

By mass, everything that is expected is indeed matched
But there are sections where there is no fragment information to corroborate the mass by Tandem mass spec

(MS/MS)

And some small sections in the HC that have no evidence — that may, or may not be, important (unknown)

A match, but poor
1) 002 TSI WTSE, RERSTD HC fragment ion evidence

10 - 20 30 . 40 50 &0 . 70 80 . 50 100 J— 110 120 . 130 140 150 €0, 1'.‘_3'_ - I1E~IJ 130 . 200 ~ ED o ';22 _ l 30 240 . 250 260 270
C_I‘V'I‘LRESGPA L.VK'PT%’[‘L.'?LTCTFSGESLSTAGMS -dIRQPPmAL.EWLADIWdDDKG—]‘_’N?SL.ICDRL.TISKE'J‘SIQ\';NVL.K\-'T.‘NDFAETA’FYY:ARDMIENFYF:‘JWC—%GT'?\-’TJSSASTKGFS\-'?PL.‘-.PSSKSTSGG’?A..‘-.L.EL KOYFFEF SWHSGALTSGVHTE PRV ESSGL.YSLSS"JV‘T‘VPSESLC—TQ'I“_’I:N\?KZ-H [P SHTEVDKEVEPKSCOETHY CPPCPAPELLGGPSWVE LEPPEPEDOT LMI SRTPEVTCWVVWVIVS
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What did the Biosimilar Company do?

4 )

Apply
Plan Market Obtain Analytical Compare

Engineer Cell Tools heavily Innovator Submit and

entry by X Innovator

it!
date Sequence market it!

line to reduce and
clinical Biosimilar

burden

By checking
sources like
Drugbank,
publications and
some reverse-
engineering...

o J

15 © Protein Metrics | Proprietary & Confidential @ Protein Metrics
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Drugbank, Sequences, and Assumptions

EMBL-EBI

Protein Data Bank in Europe T L

Bringing Structure to Biology B = i

4hjg » Trastuzumab heavy chain

Chain: B
Length: 223 amino acids /
Theoretical weight: 23.77 KDa T = é

Source organism: Homo sapiens

Expression system: Mus musculus
FASTA Sequence

>pdb|4hjg|B
EVQLVESGGGLVQPGGS LRLSCAASGFNIKDTYIHWVRQSPGKGLEWVARTYPTNGYTRYADSVKGRF TISADTSKNTAYLQMNSLRAE L r
DTAIYYCSRWGGDGFYAMDYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC

T T T T T T T T T T T
I 20 40 60 a0 100 120 140 180 180 200 22!.
1 223
100 200

¥ Chains

*
D EE R {LTENEAT NIRRT TITTTCTO (T SCOTICITTIOTS I [ SCCTRTTTRIECCCCCANE £ O IECEITATIRD (0 (O TR (ECRCTACTANY IO

» Domains

¥ Secondary structure

© Protein Metrics | Proprietary & Confidential

Drugbank sequence for Trastuzumab

- Is this the exact sequence that became a
product?

- No one promised you that, it's between the
innovator and the regulator(s)

https://www.ebi.ac.uk/pdbe/entry/pdb/4hjg/protein/2



Oh, Allotypes/ Isoforms/ Sequence Variants...

who knew...!

We've known since 1956 !

We also know they bind differently and are hard to identify

with reagents.

So Mass spectrometry might help here....

Immunoglobulin Allotypes

* Definition - Antigenic determinants specified
by allelic forms of the Ig genes

(©) iotypic determinants

1G1 (kappa)  IgG1 (happa) Sé:(\‘n v}?", ;_’:“0 gf?;»
WA f W
https://www.microbiologybook. L 1

Mouse g1 Mouse [gM
(b) Allotypic determinants
. B g g 1
K \‘-.:-\ N/ :":J o -\‘-‘ {7 A Ve
Source of anti- 5y : e, WY gf/
allotypic Abs =] L 3 ! |
* Location .
Mouse I8G Mouse IgG1
« Occurrence Cstrain A) (strain 153
ninan:
diogopes ldiogopes

org/mayer/IgTypes2000.htm

https://en.wikipedia.org/wiki/Allotype (immunology)

https://microbe
online.com/isot
ypes-allotypes-
idiotypes/

Clinical & Experimental Immunology

immtnologgj

The Jeurnal ef Translational Immunelegy

Clinical and Experimental Immunology [eLIIIUEYSEA ol doi:10.1111/].1365-2249.2011.04477 X

Differential inhibition of trastuzumab- and cetuximab-induced
cytotoxicity of cancer cells by immunoglobulin G1 expressing
different GM allotypes

A. M. Namboodiri and J. P. Pandey Summary

Departnrent of Microbiology and Immunology,

Antibody-dependent cell-mediated cytotoxicity (ADCC), which links the
innate and the adaptive arms of immunity, is a major host immunosurveil-
lance mechanism against tumours, as well as the leading mechanism under-

Medical University of Sowuth Carolina,
Charleston, 5C, USA

https://pmc.ncbi.nlm.nih.gov/articles/PMC3232384/pdf

/cei0166-0361.pdf
|

Clinical & Translational
Immunology

Clinical & Translational Immunology 2024; e1494. doi: 10.1002/cti2.1494
www wileyonlinelibrary. com/fjournal/cti

SHORT COMMUNICATION

Immunoglobulin G genetic variation can confound
assessment of antibody levels via altered binding to
detection reagents

Ruth A Purcell' (%) [, L Carissa Aurelia', Robyn Esterbauer’ (9, Lilith F Allen’, Katherine A Bond"?,
Deborah A Williamsonz'l“, Janine M Trevillyan"'s, Jason A Trubian05'5'7's, Jennifer J Juno'

Adam K Wheatle%', Miles P Davenport®, Thi HO Nguyen' (5, Katherine Kedzierska'

Stephen J Kent" . Kevin John Selva' & Amy W Chung' (& [7]

https://onlinelibrary.wiley.com/doi/epdf/10.1002/cti2.1494




What did the Biosimilar Company do?

Plan Market
entry by X
date

Obtain
Innovator
Sequence

Engineer Cell

line

Fig. 6 The canomical diagriom
for drug development for bio-

similars compared to originator

N

Clinical studies /

biologics

N

Clinical

Clinical
Pharmacology

Pharmacology

/ Pre-clinical AN
i RN
/V Analytical Q
\ J
Biosimilars

Pre-clinical

4 )

Apply
Analytical
Tools heavily

to reduce
clinical
burden

But using LC-UV-
MS not LC-UV-
MS/MS

Originator Biologics

o J

https://pmc.ncbi.nlm.nih.gov/articles/PMC6791907/pdf/10295_2019_Article_2216.pdf

18 © Protein Metrics | Proprietary & Confidential

Compare
Innovator

and
Biosimilar

Submit and

market it!

@ Protein Metrics



‘Matching’ vs ‘Proving’

MS1 is an excellent tool for matching
MSMS is an excellent tool for proving sequences of peptides by fragmentation
‘Mass Spec’ is used as a catch-all term that simply captures the general category of instrument — the difference is important.

I’'ve matched everything | know about

_—————e e - = = ===
Ee == =0 = =
e =& ==

.

ll

|
|

il
”ﬁ

Itl
!uhml

'l
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‘Matching’ vs ‘Proving’ vs ‘Finding’

To IDENTIFY, you need a lot more information, beyond matching and proving

o % THOTTIm,. . i -l"l.'} WIS U w LENET  Lauer |
: = =
] & & ' R X
£.000=-01 — E 3,:' % E
1 = - ; = =
= 3 x = e
g = 2 2 2
] 2 ? :
5.000=-01 —| ] £ E g2
] b 5 L .
: g 7 z %
4000201 -] < i & g i
= i o = 5 = L5
g 5 NISTmADb Stuff | 7 < g
‘E - =z ) E b &
5 300001 = can’'t match, but | z g E
. wr B
< can show you the Z £ g L0 =
E [ = o s
N S spectrum 3 = E )
7 E ::_ 0o
o par] =5 E
] 3 £ = B 5.0
1.000=-01 —| & l ﬁ = 2
T = ' ! w ac . Consime  Mach Wash S End CApeTim =
] = = 2 T RS Oh, peak 111 hes=
ot i i E—— i i i i ' —— oo some form of

i ‘ _biobblymer...
| have some idea of what the unknowns are, but I'm going to have Y. LT I
to investigate (and there are a lot of them) < 1R N E .




Once you know, you know...

We are only as good as the data we have today, if we are doing ‘matching’

If we are ‘searching’, we need to spread the net

Historical
data

Public

repositories

Finding |
Unknowns
Manual

sequencing

Chemical
knowledge
De novo

Synthesis/
postulation

‘Feature
Finding’/ ML

Manual (mostly)

Subcellular Location

Disease & Variants

BTM/Processing

4015111 - IKKA_HUMAN

Protein®

Inhibitor of nuclear factor kappa-B kinase

¥ Click on any of the quick access
abs to explore other data

subunit alpha
Gene' | CHUK
Status’ | % UniProtkB reviewed (Swiss-Prot)

Organism® | Homo sapiens (Human)

Entry Variant viewer Fea(ll;eviewer Publications External links History ]

BLAST & Download ~ @& Add & Community curation(1) Add apublication Entry feedback
Serine kinase that plays an essential role in the NF-kappa-B signaling pathway which is activated by multiple stimuli such as

inflammatory cytokines, bacterial or viral products, DNA damages or other cellular stresses (PubMed: 9244310,
PubMed:9252186, PubMed:93446484, PubMed:18626576)

Acts as part of the canonical IKK complex in the conventional pathway of NF-kappa-B activation and phosphorylates inhibitors of
MF-kappa-B on serine residues (PubMed: 9244310, PubMed:9252186, PubMed: 9346484, PubMed: 18626576,

Exploring protein sequences and functional annotations with UniProt

13.7K subscribers

European Bioinformatics Institute - EMBL-EBI @ L1e 6F |

https://www.youtube.com/watch?v=qwW7TuN4-SY



‘Similar’ Publication in the Public Domain

In brief, an allotype was indeed created by the biosimilar’s cell line, and not identified by mass (MS1) and UV alone
The new sequence had to be identified manually

C LT6
100 406.21 Da
Sequence did not exist in the innovator,
MH+ :
483.26 Da Innovator was In an aIIotype
LT19
436.23 Da
50 HT35
o (EEMTK)
8 637.29 Da
3
o
; HT18
472.28 Da — - . — " REPORT
:% 472.28 Da ! Rapid comparison of a candidate biosimilar
605.32 Da . .
g HT18 HT35 to an innovator monoclonal antibody
~
= (DELTK) with advanced liquid chromatography
and mass spectrometry technologies
50 T Hongwei Xie,' Asish Chakraborty,' Joomi Ahn,' Ying Qing Yu,' Deepalakshmi P. Dakshinamoorthy,” Martin Gilar,’
Weibin Chen,' St. John Skilton' and Jeffery R. Mazzeo'*
436.23 Da ical Science Dy ion; Milford, MA USA; India Pvt. Ltd.; India
LTl 9 Key words: biosimilar mAb, innovator mAb, molecular similarity, sequence variants, posttranslational modifications, N-linked
- - - glycosylation, chemical degradations, micro-heterogeneities, characterization, intact protein mass measurement, peptide mapping,
483.26 Da BIOSImllaI' glycan profiling, LC-MS, LCfluorescence, MALDI MS
MH+ Abbreviations: mAb, monoclonal antibody; HT, heavy chain tryptic peptide; LT, light chain tryptic peptide; PTM,
1 00 _ posttranslational modification; LC, liquid chromatography; MS, mass spectrometry; MS/MS, tandem mass spectrometry;
406.21 Da LC-MSF, dada independent acquisition LC-MS with an alternating low and elevated collision energy scan mode; ESI, electrospray
LT6 ionization; MALDI, matrix-assisted laser desorption/ionization; UV, ultra violet; RT, retention time; XIC, extracted ion
h hy; HILIC, hydrophilic interaction ch hy; DTT, dithiothereitol; FA, formic acid
4.0 5.0 6.0 7.0
Retention Time (min) https://doi.org/10.4161/mabs.11986




|s Sequence the only Showstopper?

What about all the other stuff? Phgﬁrs\acologg

& Translational Science
P pp——

Biosimilar or Not: Physicochemical and Biological Characterization
of MabThera and Its Two Biosimilar Candidates

‘some QAs of BC2 were dissimilar from those of the RP. First, the intact mass
and peptide mapping data indicated that alanine at 219 of HC was mutated ing W Lo Wol G Wag i o Hour T Fasss oo, Lua Zeng, Hong Shan,
into valine, which was an allotype of IgG1. Although the allotype is designed e s [
to reduce the risk of the potential for immunogenicity, therapeutic IgG1 T 7| ACCESS| e | B9 wuckreonmercscns | @ suvorwa ot

ABSTRACT: The development of therapeutic biosimilar antibodies has become

an important driving force of the modern biopharmaceutical industry. In this

allotypes located in the constant region influence the pharmacokinetics geentie hybdetmptegerpaiga et Ry E

molecular weight, isoelectric point, post-translation modification, and disulfide % 228 TEE - sesiase
linkage pattern), purity (charge variants, high and low molecular weight variants), E=

through FcRn binding.28 Therefore, an in vivo nonclinical study may be https://pmec.ncbi.nim.nih.gov/articles/PMC8033751/pdf/pt0c00225.pd
. . B f
required to further evaluate the difference...

Drugs in RE&D (2024) 24:447-464
https://dol.org/10.1007/s40268-024-00485-3

- Glycosylation ORIGINAL RESEARCH ARTICLE m

> Front Bioeng Biotechnol. 2022 Mar 14:10:862456. doi: 10.3389/fbioe.2022.862456. eCollection 2022.

iy Streamlining the Characterization of Disulfide Bond
. . Comparative Analytical Evaluation of the Proposed Biosimilar FYB206 Shuffling and Protein Degradation in IgG1
- Disulfide bonds and its Reference Medicinal Product Keytruda® Biopharmaceuticals Under Native and Stressed

Jakob €. Stilber’  Kerstin Uhland' - Alwin Reiter' - Steffen Jakob' - Florian Wolschin’ Conditions

- i 1 1 ; YT 2 . 3
aam and many more! Accepted: 12 August 2024 / Published anline: 4 September 2024 Jill Coghlan ', Alexander Benet ', Preethi Kumaran ', Michael Ford <, Lawrie Veale *,

© The Authorls) 2024 St John Skilton 2, Sergei Saveliev #, Anna A Schwendeman ' 3

Affiliations 4+ expand

Abstract
PMID: 35;m<1rﬂ PMCIN- DMFRQ;GEH NOI- 10 33809 /fhine 2022 BR245A

Background and Objective Biological medicinal products improve patients’ lives, but access is limited. mainly due to high

costs. Patents for many existing biological products are expiring, and generic versions, which are referred to as biosimilars,

are produced to serve as an alternative to the reference medicinal product (RMP) cutting down the costs and expanding access.

The present paper assesses the analytical similarity between Formycon's FYB206 pembrolizumab biosimilar candidate and

Keytruda®, an RMP that is approved to treat various types of cancer, with the intention of determining FYB206's suitability
Biccimilar triale

Abstri| i .

Lo e Post trar FeEE_E i | ==
https://pmc.ncbi.nim.nih.gov/articles/PMC11456019/pdf/ safety by : ‘ ----- !

‘ 40268_2024_Article_485.pdf in partic

https://pubmed.ncbi.nim.nih.gov/35360407/




‘Similar’ and ‘Personalized’

Allotypes are not necessarily ‘bad’
Eg Kang et al on Infliximab biosimilars

“Understanding the [...] patient’s genetic makeup could unlock
new possibilities ... The human FCGR3A gene, which codes
for the FcyR-Illa receptor, contains an allelic dimorphism to
V or F at residue 158. Not only does the FcyR-Illa-158V
isoform possess higher mAb binding affinity relative to
FcyR-1lla-158F [7], but also the immune cells from IBD
patients with FCGR3A...”

So we really do want to know that they are present!

Trends in Biotechnology e

CellPress

Volume 36, Issue 10, October 2018, Pages 987-552

Science & Society

Infliximab Biosimilars in the Age of
Personalized Medicine

Jukyung Kang ' 2, Karthik Pisupati ! 2, Alexander Benet ' %, Brandon T. Ruotolo ?,

Steven P. Schwendeman ' 2, Anna Schwendeman 12 & &

Show more

+ Addto Mendeley & Share 99 Cite

https://doi.org/10.1016/j.tibtech.2018.05.002 A Get rights and content »

Structural and functional differences between REMICADE and its two FDA-approved
biosimilars appear to have clinical implications. We suggest a personalized biosimilar
substitution approach based on prescribed indication, biosimilar afucosylation level, and
a patient’s FCGR3A polymorphism. We also advocate for establishing glycosylation
variation limits for biosimilar approvals.

https://www.sciencedirect.com/science/article/abs/pii/S0167
779918301379
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Sequence Variant Analysis ‘Business’

As the market grows, so is the anticipation of
double-checking primary sequences

« for example WuXi specifically advertising their
capability specifically by mass spec...

e .. With caveats ©

OL e S as: - g

Advanced Analytical Strategies:
From Protein Structure
Characterization to Potency
Assessment for Challenging
Biologic Modalities

Tomgdan Wang, Ph.D.  Xinywan Lu, Ph.D.

Senior Directos, Senier Directee,
Analbytical Sciences, Analytical Sciences,
Wi Biologics. Wi Biclogics.

https://www.wuxibiologics.com/analytical-
strategies-for-complex-biologics-webinar/

© Protein Metrics | Proprietary & Confidential

Figure 1.

Transcription
Error Rate: 10r%-107°

Replication
Error Rate; 10H11-10+8

Translation
Error Rate: 10-104

mRMNA Protein

Stress in cell culture

DMNA
Frivme shifting \
Defective design \
: Alternative splicing
Stap codon \

e [

Sequence variant analysis (SVA) for risk mitigation

1wl

nts (SWs) and the stringent
requirements imposed by regulatory authorities, the implementation of the SWA for
critical development phases (eqg. Top clone, clone sfabiity) has become
increasingly essential. WuXi Biologics' sequence wariant analysis service offers

sensitive monitoring of 5Vs on protein level by LC-MS. This service reliably detects
sequence variants with ratios higher than 0.1%. Detailed reference reports are

delivered to support further decision-making.
Figure 2.

Protein sequence variant onalysis service

THTS srmeer s sy
[T -

10 derys +10 maore days

https://www.wuxibiologics.com/capabilities/analyticaI-testing/product—characteriilait.ioh-'ééi'\'/i'ces/




Case Study 2

we told you so!




Titers are HIGH!

Cytiva survey demonstrated the trend to higher titer
Numerous factors increase need for higher titer:

- Delivery mechanisms: IV/ subcutaneous

- Economic models

- Technological improvements

- New formats

With higher titer come new problems...

27 © Protein Metrics | Proprietary & Confidential

€) cytiva

Manufacturing
challenges with high

35
30
25
20
15

=3

Aner 4o % of Tinal oonosnt ration

0

5 I

1-20 gil

Final concentration (n=20) OO0

concentration biologics

O O

2-80g/L  S0-100g/L  100-150g/L =150 giL

W Series 1

Fig 2. Survey of Cytiva customers developing biological drugs.

https://cdn.cytivalifesciences.com/api/public/content/-
17KHaz6 7EmvKI9FnxYRig-pdf?v=d2325979




28

It’s hard work, Purification!

High Aggregate Levels with

Engineered Monoclonal Antibodies
An Innovative Approach to Addressing the Challenge
mmmmmm Lo

Fipure 2: White area of contour plot represents operating
conditions that resulted in an aggregate level of =1% and monomer
recovery =75%,; HCP = host-cell protein, LPra = lipoprotein A

S00 myr

:l 100-g/L loading density
with 10% aggregate
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Manufacturers of Purification resins
know the limits
Evolution by suppliers is constant.

Narrow window for
recovery vs clearance

https://547446.fs1.hubspotusercontent-
nal.net/hubfs/547446/Technology%20Networks/Landing%20Pages/Thermo/Katie/Article%20
High%20Aggregate%20Engineered%20mAbs%20PUR%20May%202024%20(1).pdf



It’s hard work, Optimizing Purification!

Removal of lipases and hydrolases is a huge
challenge. Boehringer Ingelheim 2024
example is instructive:

- “[We] underscore the need to tailor the
purification process to leverage the slight
differences in binding behavior and elution

profiles between mAbs and specific HCPs”

- “[Our] antibodies with lower pl’'s may present

challenges during purification from ..

hydrolases. [eg] mAb-3, where no separation
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Tailoring polishing steps for effective removal
of polysorbate-degrading host cell proteins in
antibody purification

Melanie Maier®? | Stefan Schneider™ | Linus Weiss™® | Simon Fischer®
Daniel Lakatos® | Joey Studts' | Matthias Franzreb?

window was identified in this process step.”
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FIGURE 6 Identification of cation exchange separation conditions between mAb-3 and two polysorbate hydrolases. Contour plots show the

logarithmic separation factor a (log (a)) as a function of pH and Na®-counter ions (mM) for the mAb-3 and the polysorbate hydrolases (a) LPLAZ
and (b) CES2C. mAb, monoclonal antibody.

https://analyticalsciencejournals.onlinelibrary.wiley.co
m/doi/epdf/10.1002/bit.28767



New Formats are even harder

Singapore BTl example of a knob-in-hole
bispecific; <90% recovery, high HCP
levels, with very hard work:

“...we demonstrate that through the
employment of (1) Protein A chromatography
step and (2) flow-through polishing steps, a
final product containing < 1% HMW

species, < 1% LMW species and < 100 ppm
HCP can be obtained with an overall process
recovery of 56—87%.”

Research | Open access ‘ Published: 14 September 2022

Effective flow-through polishing strategies for knob-
into-hole bispecific antibodies

Serene W. Chen, Kong Meng_Hoi, Farouq Bin Mahfut, Yuansheng Yang & Wei Zhang &

Bioresources and Bioprocessing 9, Article number: 98 (2022) | Cite this article

5356 Accesses | 1 Altmetric | Metrics

Abstract

Bispecific antibodies (bsAbs), though possessing great therapeutic potential, are extremely
challenging to obtain at high purity within a limited number of scalable downstream
processing steps. Complementary to Protein A chromatography, polishing strategies play a
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Schematic representation of model bsAbs—FabscFv-KiH (a) and FabzscFv-KiH (b)—used in this study,
along with their representative HPLC-SEC purity profiles of cell culture supernatant (CCS) and post-
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Company B - [downstream] Purification Strategy

Senior VP: “This process is way too expensive, get rid of some steps”

=) =) =) =) =)

11,500 proteins 17,200 proteins

- Hydrolases - Hydrolases

- Lipases - Lipases

- Housekeeping - Housekeeping
proteins proteins

What?7?7?



Company B - [downstream] Purification Strategy

Senior VP: “This process is way too expensive, get rid of some steps”

=) =) =)

H500-proteins 1200-proteins 14,100 proteins Approx 600 Approx 40 HCPs to
LOTS OF STILL LOTS OF - Some NEW proteins be monitored
PROTEINS PROTEINS hydrolases! - The same NEW - A dozen that

- Hydrolases - Hydrolases - Fewer Lipases hydrolases! are painful

- Lipases - Lipases - A bunch of - Product - Therestare

- Housekeeping - Housekeeping NEW unknown fragments ‘safe’

proteins proteins proteins - (cell death
- .. - .. - Product proteins)
What??? fragments

Senior VP: “Mass Spectrometry is useless, we can’t increase HCPs during the process! It’s not right”



Company B - [downstream] Purification Strategy

REVIEW | June 9, 2021

Nonspecific Binding—Fundamental Concepts and Consequences for Biosensing
Applications

Andreas Frutiger, Alexander Tanno, Stephanie Hwu, Raphael F. Tiefenauer, Janos Voros*, and Mako Nakatsuka®

The Mass Spec is telling the ‘truth’ as it sees it

There is so much in the sample, that the method
simply ‘masks’ the low abundance species, until the
CONCENTRATION is lower, because Mass Spec is
a concentration-dependent technique in electrospray

© Protein Metrics | Proprietary & Confidential https://pubs.acs.org/doi/10.1021/acs.chemrev.1c00044




Company B - [downstream] Purification Strategy

REVIEW | June 9, 2021

Nonspecific Binding—Fundamental Concepts and Consequences for Biosensing
Applications

Andreas Frutiger, Alexander Tanno, Stephanie Hwu, Raphael F. Tiefenauer, Janos Voros*, and Mako Nakatsuka®

Senior VP: “Oh, so we have non-specific
binding in our high titer? ... urgh”

Yes, they figured out how to change the pH in one
of the steps to eliminate a step by using pl values
of the hydrolases.

© Protein Metrics | Proprietary & Confidential




The Mass Spectrometer was Precise

The mass spec told us there was a protein soup
... but maybe it was not ‘Accurate’? [in telling us how many]

Real world example: Are two distinguishable Actins the same, or are they different?
What's more important, that we know the ‘Actin’ abundance as a group, or that we know that

there may be multiple different Actin types?

Condihon ~

Protein name

REeplcate ~

MS Abas name ~

sp|P60TOVACTE_HUMAN Actin, eytoplasmic 1 O §=Homs

sapiens DX=2606 GHN=ACTE FE=1 5¥=1

#p|P63261JACTC_HUMAN Actin, cytoplasmic 2 OS=Home
sapiens OX=2606 CHN=ACTC1 PE=1 5V=1

Protein Accession |

PalTo®

Pe32sl

Sequence (wnfornuatted) |
DLYANTVLS CCTIMYPCIADR
CYSFTITAFR
VAPEFHPVLLIEAPLNPE
DLYANTVLS GCTIMYPGIADR
GYSFTITAER
VAPEFHPVLLTEAPLNPE

[HCP study at Protein Metrics — Credit Antony Harvey]
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1.40 1.08
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Ok, So the
Problems are
insurmountable?

No! There is mitigation available




Mass Spec Conditions - and Models!

Understand the limits of your experiment

Understand the parameters that ‘bound’ the experiment
Understand the specific instrument you are using (yes,
individual mass specs may be different, even from the same

vendor)
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Figure 2. Comparison of the relative quantitation of true positive sequence variants obtained in
Orbitrap Elite vs. Fusion Lumos.
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A Highly Efficient Workflow for Detecting and Identifying
Sequence Variants in Therapeutic Proteins with a High
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Figure 1. Scatterplot matrix showing the main effects of each factor on sequence coverage, aggregate
score, and number of MS/MS scans.

https://pmc.ncbi.nim.nih.gov/articles/PMC10144261/p
df/molecules-28-03392.pdf



Logic for Humans and within Software

Many logic tools are built into software such as ‘Sequence Variants
Analysis’ that use rule-based algorithms, appropriate for the right study

* Ability to ‘triage’ based on ‘likelihood’

* Validator logic provides a rapid review system, using multiple, weighted
mass spec parameters.

* Like any logic tree, it is made for a certain process: highly purified
biopharmaceutical products

* NB: this is a way of coping with substitutions, it does NOT ‘discover’
anything.

Moral: Understand your experiment!

SVA Validator Labeling Logic

No WildType* yes
Off .Bv X yes
Low R‘T Diff yes

| High Pred‘icted RT Diff
| High KI_-C Ratio yes
Low DevltaMod yes

Low Score e

Adjacent Common Mod

High PPM StDev YES

* Critical: No WildType

» Critical: Off By X

+ Critical: RT Diff < Threshold

yes

yes

* Critical: Predicted RT Diff < Threshold

*Excludes Glycans

Protein Metrics App note: https://support.proteinmetrics.com/hc/en-
us/articles/11608220246932-Accelerating-Sequence-Variant-Analysis-with-Byos-

Validators

oftByx=0

Hinge Seore » 150 - .5

Hinge Delta Mod ™
Score > 10

Score> 150  p—a>t

~NO

Data ‘triage’
with flags to
alert a reviewer




Summary

Not ‘Magic’: it's a device with  It's only knotty because it Not a black box, it's just
SPECIALIZATIONS provides DENSE information SCIENCE, not Rocket Science




Questions?

“There is a crack, a crack in everything, that’s
how the light gets in”.
[ eonard Cohen - Anthem

41 ©2024 Protein Metrics | Proprietary & Confidential
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