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Dominick Yeo

Field Scientist, Biologics Analytical Services

8+ yearsworking for Catalent SMARTag® Team
founded by Nobel Laureate, Dr. Carolyn Bertozzi as
the Lead Mass Spectrometry Scientist

* Key contributorto ADC discovery decisions

* Key contributor as a bioconjugation & purification
SME

* Contributor to 4 publications related to ADCs

* |nventoron 6 ADC-related patents (4 patent pending)

SMARTag® is a trademarks of Catalent, Inc. ( ata Ient
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Agenda

1 Catalent Biologics Analytical Services Overview

2 Adding Mass Spec to Size Exclusion Chromatography
(SEC)

3 Host Cell Protein Release Testing

4 Adding Mass Spec to Hydrophobic Interaction

Chromatogaphy (HIC)
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Pharma & Consumer
Health (PCH)

Oral Rx Consumer
(Zydis®, Softgel, Health
Oral Solids)

Biologics
(BIO)

Core Bio

Biologics Analytical
Services

Clinical & Specialty
Services (CSS)

-

Clinical Inhalation

Clinical Micronization
Packaging

Guided by Patient First & Committed to Unparalleled Customer Service
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Biologics Analytical Center of
Excellence

30+ Years of Experience

. 300+ Programs Supported
. 30 Audits peryear

. Zero 483-form
High-Client Satisfaction

. 90%+ returning clients

. 9+ out of 10 would recommend

d Dedicated Project Manager & Technical lead
. >98% on-time delivery

800+ assays and techniques

. 180+ scientists (<10% turnover)
. 47,000+ ft? Facility

. 31,000+ ft3 stability storage

Catalent
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Copyright © Catalent Inc. All rights reserved.



Ccefepris

Mexico Ministry of Health

Fincla

Pharmaceuticals and Medical
Devices Agency (Japan)

Jordan Food and Drug Administration
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Canada
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Brazilian Health Regulatory Agency
(Anvisa)

Ministry of Healthcare of
the Republic of
Kazakhstan

Medicines and Healthcare products
Regulatory Agency (UK)

Q

Medicines and Healthcare products
Regulatory Agency

Ministry of Health of the Russian
Federation

180+ Scientists | 30+ Years Experience | 11+ Regulatory Agencies

Copyright © Catalent Inc. All rights reserved.

oo

With the help of our experienced
scientific team and range of
capabilities, our goal is to serve as
your strategic partner to support
all your biologics analytical
development and testing needs

under arigorous cGMP
environment.

Catalent

Pharma Services



Contract Biologics Analytical ’

From traditional to emerging modalities, and from discovery to commercial

& % or L &

MABS & BISPECIFIC PEGYLATED BIOCONJUGATES & RECOMBINANT CELL & GENE OLIGONUCLEOTIDES,
ANTIBODIES PEPTIDES ADCS FUSION PROTEINS THERAPIES NUCLEIC ACIDS

Supports All Modalities

Developability & pre-formulation studies Comparability studies

Extended molecule and product characterization
Method development Phase-appropriate method qualification Phase-appropriate method validation
Compendial method verification
Stability studies
Material and impurity characterization and identification

GMP release testing

Catalent.
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Bioassay/Cell-
Based Potency

Mass
Spectrometry

Biologics Analytical Capabilities at a Glance

Accelerate your biologics’ path to patients

Extended
Characterization

Release & Stability

Study & Storage

» Binding potency:

ELISA, AlphaLISA,
surface plasmon
resonance, Octet,
etc.

Relative potency:
infectivity,
cytotoxicity, mRNA
transcription,
neutralization, etc.

» Cell banking/storage

Copyright © Catalent Inc. All rights reserved.
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Method
development,
evaluation, and
optimization

Method transfer,
qualification, phase-
appropriate
validation, method
validation
remediation

» State-of-the-art mass

spectrometry core
with high-resolution
LC/MS; GC/MS and
ICP/MS; Protein
metrics software for
data processing

Size & charge variant
characterization
including fraction
collection for
impurity ID

Secondary & higher
order structural
characterization
using orthogonal
approach

Size & charge variant
characterization

Forced degradation
study; comparability
study

Release testing;
specialized expertise
in temperature
excursion,
photostability

-80°Cto60°C, RH
25% to 90%, and

customizable
chamber conditions

In accordance with
ICH/WHO/ASEAN
guidelines

Catalent.



The Three Pillars of Analytics

The How, What, and Why

[

ImAb-Linker-Drug
(ADC)

\

Antigen binding

How?

Endosome
formation

S

1 Lysosome trafficking

Endocytosis

Drug blndln]\

to intracellular target
o
o 4=
/2 Lysosomal

degradation

(drug release)

Lysosome

/

How does this therapeutic work?
Does it work as intended?

e Cell based assays

* Binding kinetics assays

* Etc.

Copyright © Catalent Inc. All rights reserved.

"Figure. 3.20 HPLC. Chromatogram of Metronidazole benzoate" by ASIM is licensed under CC BY-SA 4.0.

AIMpICS:

Why are we seeing X?

Why does this work/not work?

* Mass Spectrometry

"Liguid Chromatography Mass Spectrometer" by Cwszot | Dagui1929 | Caslu | YassineMrabet is marked with CCO 1.0.

What is present in this
therapeutic?

9
= - I
lultiple component Why? % What?
/ 4 3. 3 ‘( ; ‘“
Detection g o
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o4z h °
T T ’ (q
Mass Spectrometer = §
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Minutes J

What attributes are we tracking?

 HPLC
 iclEF
 Etc.
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Obstacles to the “Why” 1

The Nature of the Molecule

e Some molecules cannot withstand conventional analytical conditions
e Structural complexity may prevent direct measurement

Sample Matrix

e The surrounding sample components can obscure the analyte of interest
¢ Interferences may limit sensitivity or specificity

Mobile Phase

e Some separation methods rely on mobile phases that are incompatible
with mass spectrometry

Catalent
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Native SEC-MS for
Glycoprofile Determination

of Cysteine-Conjugated
ADCs




12

Glycoprofile/Glycoform Analysis

* Glycosylationis often a critical quality attribute for both
monoclonal antibodies (mAbs) and antibody-drug
conjugates (ADCs), impacting product safety, efficacy, and
consistency.

<«— Glucosidase |

1
Glucose! 2
3 <€— Glucosidase Il

* Certain glycoforms can alter serum half-life and clearance
rates. High-mannose species, for example, may result in
faster in vivo clearance. D1

* Unusual or non-human glycans can increase the potential Mannose! C
for unwanted immune responses, making glycan 4
characterization essential during development and
comparability assessments.

* Glycosylation profiles are sensitive to cell line selection, N-Acetvl-al
culture conditions, media composition, and process -Acelyl-glucos
changes. Monitoring glycoforms helps ensure batch-to-
batch consistency. Asparagine
"Glycan" by Guennadi Kozlov, Kalle Gehring is licensed under CC BY-SA 4.0. Cata Ient

Copyright © Catalent Inc. All rights reserved.
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The “Cysteine Problem”

* The creation of a classical DARS, cysteine-conjugated ADC results in
the complete reduction of the disulfide bonds holding the antibody
together.

* Any RP-HPLC-MS method will result in the denaturing of the ADC
and separation of HC and LC, making intact mass determination
impossible.

* Typical SEC solvents, which maintain the integrity of the antibody,
have non-volatile salts which are harmful to mass spectrometers.

* Therefore, determining the glycoprofile of the intact ADC is difficult
to do.
* Inthe past, we used the glycoprofile of the mAb and assumed it
transferred to the ADC.
* However, conjugation conditions, purification methods, and effects
on solubility by the linker-payload have the potential to shift this
profile
Catalent

Copyright © Catalent Inc. All rights reserved.




Intact and Reduced Trodelvy Have the Same RP-HPLC-MS b

Trodelvy “Intact”

100-
80

60

Relative Intensity

40-

Obs: 52475.6
Calc: 52472.5
DAR3, SN-38 Loss x3

2651 Noise
9921 9722
/ Unknown

9.913

Obs:
24395.7
COpy@Wkﬁ@WW“ rights reserved.

Obs:
24814.2
Unknown

* Even without

adding a
reducing agent
like DTT,
Trodelvy
naturally split
into HC and LC
forms

Without Native
MS, intact MW
measurement
of these ADCs
is impossible

Obs: 52477.2

Trodelvy Reduced , Calc: 52472.5

Relative Intensity
[ 3]
[
]

Obs:
24396.1
Unknown

DAR3, SN-38 Loss x3

"~ 9.469 Noise

o.7ra
/ Unknown
908

RT {min)

Obs:
a4, Catalent
CEETD

Unknown 14



What is Native MS? b

Native * Native mass spectrometry (Native MS) enables
the study of intact protein, non-covalent protein-
protein, and protein-ligand complexes in their
biological state.

* For antibodies, heavy and light chains are bound
together by covalent disulfide bonds.

* In cysteine-conjugated ADCs, these disulfide
bonds are broken to enable conjugation. As a
result, the heavy and light chains are held
together non-covalently.

* Denaturing solvents (e.g. organics, acids,
chaotropes) disrupt these noncovalent bonds

Catalent
Prrarms servoss
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SEC-MS Method Development Objectives

* Develop an SEC method that can provide translatable data between an HPLC-SEC method and
LC-MS.
* Typical SEC methods are very salty
* Create an MS method, including solvents and MS conditions, that allows for native analysis of
antibodies and ADCs on the QExactive

* Most Native MS methods require a BioPharma-Capable MS with an upper range of 8000
m/z or more. QExactive only supports up to 6000 m/z. This requires the buffer to be slightly
acidic to increase the charge state of an antibody to 25 or more without being unfriendly to

the antibody.
* MS also requires non-volatile buffer, so our current sodium-containing buffer will not be
compatible.

Catalent
(D)
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Intact MW SEC-MS Method Parameters N

e Buffer: 50 mM Ammonium Acetate, pH 4.7 (half-
equivalence point, pH = pKa)

* pH only affects charge state in MS, does not

affect retention time RT: 0.00-7.01 n
* Column: Phenomenex Biozen 1.8 pm dSEC-2, 200 A, _, 00000 080 St
150 x4.6 mm EEDDDDDE éuTzI:\\Euﬁ-
* Injection Volume: 75 uL (150 ug) & 0000 Nanoes Con
* Flow Rate: 0.350 mL/min g’mng
* Time: 7 minutes 0- L
1005 .
e Salt from sample diverted at 4.5 minutes . . i s
« Sample Prep: ERE e
) E E'DE rl?dﬂa:;fuigﬁg-ac-unc
* None - Glycan Analysis PR
* PNGaseF Digestion in 50 MM Ammonium : 2] o
Bicarbonate, pH 8 — Deglycosylated Mass L RSl SR
a 1 2 3 4 i) ] T

Analysis

Time {min)

Copyright © Catalent Inc. All rights reserved.



Enhertu, DARS8, Glycosylated N

'I}-;:RW3333-NativeG-Conc
1xGOF_GOF

* Without any sample Fabesy
preparation, we can Beiigissimm:’
detect and quantify
the glycoforms of
Enhertu and any
other cysteine-
conjugated ADC

Copyright © Catalent Inc. All rights reserved.
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Key Takeaways from SEC-MS

« SEC-MS allows native mass spec to be collected on non-covalently bond antibodies like cysteine
ADCs.

 Better, more modern mass specs, will have better sensitivity than the Q Exactive, and therefore
will require less sample injected, generating better chromatography.

* Additionally, a better mass spec will allow for a buffer closer to neutral pH, which increases the
odds of maintaining the native state of the antibody.

Catalent
(D)
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Precise Quantitation of
Critical HCPs Using
Customized MS Methods




HCP Analysis Deserves More Than a Total Number B

 Residual HCPs are not all equal. Total HCP methods can be useful for broad process control, but
decisions often hinge on whether specific high-risk proteins are present and whether they persist
through purification.

 Targeted MS can help move HCP discussions from bulk impurity measurement to protein-specific
risk mitigation and process understanding

* |Immunogenic proteins

« Heat shock proteins such as Dnak, Dnal, and GrpE are examples of residual HCPs that can
pose elevated patient-safety concern.

* Enzymatic proteins

 Lipases are HCPs of concern because enzymatic activity can impact product stability,
including polysorbate-related issues.

Copyright © Catalent Inc. All rights reserved.



HCP Workflow Overview *

Quantitate

* ldentify

 Using untargeted LC-MS/MS to discover HCPs that are present in the sample. Performed by
comparing LC-MS/MS peptide mapping data to existing databases of HCPs depending on the
cell type.

* Quantitate & Prioritize
* Usingthe coverage from peptide mapping data to estimate which HCPs are likely to be of
highest abundance and/or risk.
 Control

 Use untargeted LC-MS/MS data to develop a quantitative targeted LC-MS/MS method to
monitor prioritized HCPs

Catalent
(D)
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Customized HCP-MS Workflow for DnaK Detection ®

Supernatant
path
Quench with formic
. Buffer exchange . .
Spike DnaK . g Reduce Centrifuge — acid; concentrate.
+ digest
5,1,and 0.5 ppmi I R iitated
, 1, and 0.5 ppm into Trypsin 1:400 for 2 h at . emove precipitate

undigested protein.

Pellet path

Resolubilize; trypsin
1:100 for 2 h; quench.

This methodology builds upon the standard HCP-MS workflows, incorporating targeted customization to enable sensitive

and specific quantitation of high-risk HCPs. DnaK is used as a representative example to demonstrate the effectiveness of
this approach.

A two-step, tryptic digestion of the native Monoclonal Antibody (mAb) was performed using NISTmADb as a representative
sample.

Native digestion takes advantage of the mAb’s resistance to tryptic digestion in the native condition (non-denaturing).
Undigested mAb is removed from the sample by thermal precipitation.

The pellet and supernatant are analyzed for overlapping and unique peptides (DnaK peptides were not observed in the

pellet at 5.0 ppm). Catalent
Prterme serice: §
Copyright © Catalent Inc. All rights reserved.
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Matrix Reduction and Sequence Coverage

5
'n

HIST i Pt

NIST mAb Pellet

NIST mAb Supernatant

3 3
nak
10 20 30 10 50 60 70 80 90 100 110 120 130 140 150 160
CVATMD G 'RVLEHAE [ 'ATERLIGRRF S IMPF] QISAEVL EFMEKTAEDYLGEPVTEAVITVPAYFHDAQRQATKDAGRI
170 180 190 200 210 220 230 240 250 260 270 280 200 300 310 320
GLEVER. [ARALA GHRTLAVYD] EV| EVLA! THLGGEDFDSRLINYLVEEFKKD QG IDLRNDPLAMQRLKEAAEKAKIEL SSAQQTDVHLPY ITADATGPEHMH IKY TRAKL ESLVEDLVHNRS IEPL
0 0 0 0 0 39 o 0 0 0 0 0 0 70 o
EVAL(DAGLSVSDIDDVILYGGQT F HPDEAVATG: DUKDVL| TPLSLGIETMGGVMTTLIAKHTTIP TKHSQUFST .V TTHVL ) GERKRAADWESLGFHLD G IHPAPRGHPQIEVTFD IDA
490 500 510 0 0 550 0 0 580 590 600 0 0 0
DGILHVSAKDKNSGKEQKITIKASS GLHEDE I QKMVRDAEANAFADRKFEEL VQT GDKL TATESAL TALETALKGEDKAATEAKMQELA QY SQKLMEIAQQQHAQQQTAGADASANHA DKK

Copyright © Catalent Inc. All rights reserved.
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The chromatogram comparison between
pellet and supernatant demonstrates the
reduction of signal afforded by the native
digest with thermal precipitation of the mADb.
The decreased mAb signal decreases
interference for lower abundant HCPs.

Without matrix interference, we got good
sequence coverage observed for DnaKin
the digest after thermal precipitation of the
mAD.

Catalent
Prrarms servoss



Sensitivity and Linearity

DnakK 85-92 peptide m/z 468.7466

i. 1 Extracted Ion Chromatogram ‘

[

FEi

1000w =38 — Fubact gl TANA 132 M, L8 20 INTDEN 4o

moeees 3 a7 Mass error: 2.0 ppm
jo==1 MS Isotope Plot ( s 20
- | | -
— | MS? Fragmentation $r903 &2
| DVSIMPFK
s JJJ 0
- ot .

e

DnaK 85-92SIM m/z 468.7466

2000000
1800000 y=357629x-1589.6_.@
1600000 R?=0.9997..-+"
1400000 -
1200000
1000000
800000
600000 —
400000 ',af“
200000 .

0

0 1 2 3 4 5 6

Peak Area

Copyr DnaK (ppm)

25

MS signal for a representative DnaK peptide
(residues 85-92) with good Extracted lon
Chromatogram (EIC), full scan MS (2.0 ppm),
and near complete MS/MS amino acid
sequencing.

We also demonstrate the MS signal DnaK
peptide (residues 85-92) for Calibration
Standards.

* verystrongsignal at 0.5 ppm and good
linearity at sub ppm levels and intercept
near the origin.

Catalent
Prrarms servoss
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Key Takeaways

e HCP by LC-MS/MS can support sensitive, specific quantitation of priority HCPs at sub-ppm levels.
* DnaK can be detected to much lower levels, and current efforts are to improve low-level accuracy.

* Follow-on work for this methodology will focus on the use of synthesized peptides for cases in
which the full intact HCP may not be available — which is true for many important HCPs. Such
work may also include stable-isotope labeled peptides.

* The same procedure is currently being extended to lipases to aid with the instances where
Polysorbate stability is found to be a problem.

* Anotherinteresting study would be a comparison of this MS methodology with a commonly
implemented ELISA procedure.

Catalent
(D)
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Inline HIC-MS for
Measuring HCP Effect on
Linker Technology




HIC Chromatogram of Typical Tandem-Cleavage DAR2 ADC ”

e 3 DAR2variants were observed

in the HIC chromatogram but
were initially ignored. L DY\191011 CRW2112-2219 SEC HIC 2019-10-11 12-02-39W097-1701.0)

* Initial thoughts were these were
relating to antibody-related
impurities.

* Research partners always asked
for LC-MS connected to HIC

* Also, for atypical non-tandem- ,1;3344
cleavage ADC, the DAR2 peak & o a:ﬁ
comes out smudged. So another & 2 v
thought was that e o /”ﬁ“\\
chromatography was “too good” : = . S

* Offline purification by FPLC was : : , : : : : : : -
also inconclusive 4 =

Catalent
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Challenges for HIC-MS Applications

e HIC uses a gradient from h|gh salt High salt concentration interact strongly with
to low Sa[t 1O se pa rate mOleCUleS the water molecules leaving less wat.er
by hydrophobicity. ; available for the “shielding Bff” effect

e Usually, the salt is Ammonium ® ’| ®
Sulfate which is incompatible with ® High salt z, '

LC-MS.

* Heartcutting 2D-LC provides a way
to separate with HIC and buffer-
exchange the diverted peak into a
mass-spec friendly solvent.

 Even with heartCUtting, some salt Low salt: water molecules order ara
may still leak into the second ydrophobic patches or ligand
separation dimension and BT ..
contaminate the MS

T = e

Low salt

—~3
3]

E—yy
¢

nd

Catalent

harma Services
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Tosoh HIC Method - Pre-Existing Platform Method ”

: 0 :
Coturm Tosoh TSKgel Butyl-NPR Time (m) %o Mobile Phase B
4.6mmx3.5cm 0.0 12
‘ 5.5 42
Mobile Phase A 1.5M A.mmonlum Sulfgte + 25
mM Sodium Phosphate in Water 7.5 70
: 25% Isopropanol+ 18.75 mM 8.5 100
Mobile Phase B Sodium Phosphate in Water
9.5 100
Flow Rate 1.0 mL/min
10.0 12
Temperature Room Temperature
12.0 12

* Ammonium Sulfate and Sodium Phosphate are incompatible with LC-MS. Any mistake in
desalting would lead to contamination.

* 200 bar pressure limit (per manufacturer) on column will inhibit ability to flow into a second

column.
Lrtarma sonice:
Copyright © Catalent Inc. All rights reserved.



The 2D-HPLC-MS Plan )

Step 1 — Run HIC Like Normal Step 3 —Wash Reverse Phase to Remove Salt
Sampler [w| HIC ‘# uv ‘» Waste Sampler |mp Rs;::;ze = Waste
Step 2 - Divert Peak of Interest to RP Step 4 - Analyze Retained Peak with Mass Spec
Sampler [ HIC ‘# Reverse Sampler |mp Reverse (g uv ‘» Mass
P Phase Phase Spec
Catalent

Pharma Services
Copyright © Catalent Inc. All rights reserved.



Building an “Unofficial” 2D-LC - Schematic

External Switch Valve
Step 1: Run HIC and Go to Waste P1

LC Pump &
Injector

No Column

MS
Waste

P2 MS Divert Valve

Column Switch Valve

Step 2: Run HIC and Go to RP and Waste

No Column

MS
‘Waste

P2

Copyright © Catalent Inc. All rights reserved.

Step 3: Desalt RP and Send to Waste

MS

P2

P2

LC Pump &
Injector

No Column

Woaste

Step 4: Run Gradient to RP

P2

LC Pump &
Injector

No Column

P1

Waste

32

Catalent
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YMC HIC Method - Mass Spec-Compatible Method

Column

YMC BioPro HIC HT 2.3 um, 100
X4.6 mm

Mobile Phase A

3 M Ammonium Acetate in Water

Mobile Phase B

25% Isopropanol in Water

Flow Rate

0.5 mL/min

Temperature

Room Temp

Time (M) % Mobile Phase B
0.0 0
1.0 0
6.0 100
7.0 100
7.1 0
8.0 0

* At this concentration, Ammonium Acetate will suppress LC-MS signal. Will still require

desalting on RP column to achieve best results.

* 400 bar pressure limit (per manufacturer) on column will allow the sample to flow into a
second column.

* Ammonium Acetate suppresses UV signal but does not damage mass specs.

Copyright © Catalent Inc. All rights reserved.
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SMARTag® Tandem-Cleavage Technology Background

O = MMAE

HO

HO"

Glucuronidase

o (1]

OH

(o]

o

Cathepsins

<L

0~ °
%9
SO
1l 7\ H 9 yo A
N o
l — Né/\o)'\/u\N N\:/&o ..
N 2 H o °:

Copyright © Catalent Inc. All rights reserve
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This linker technology relies on two enzymes to
release the toxic payload.

Both enzymes are known to be active at lysosomal pH
and tumor microenvironment pH ~5-6.

The conjugation buffer conditions were also around
pH ~5-6.

Any residual HCP glucuronidase would likely result in
the premature loss of the glucuronide piece during
conjugation.

Catalent
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Due to pressure constraints in our makeshift 2D-
LC, the UV detector could not be in-line with the
HIC and RP columns.

This gave us an opportunity to see how effective
the valve switching was at “removing” peaks from
the UV chromatogram.

Catalent
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DAR2-1 Species, No Gluc Loss Detected

RT: 0.00-7.99
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@ggguted MS
d.ril

calc:
Obs.:

DAR2
150272.83
150275.84

DAR2, MMAE LosSs
(In-Source Fragment)
calc: 149510.33
Obs.: 149513.14

Pharma Services



DAR2-2 Species, 1x Gluc Loss Detected

RT: 0

160000

140000
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DAR2-3, 2x Gluc Loss Detected

RT: 0.00-7.99
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DAR2, 2x Gluc Loss

149920.58
149929.41

DAR2, 2x Gluc Loss, MMAE Loss
(In-Source Fragment)
Calc: 149158.08
Obs.: 145168.06
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Conclusion

* Using 2D-HIC-MS, we were able to find that glucuronide was being lost during the
conjugation process.

* Further investigation revealed that the enzymatic HCP, glucuronidase, was being
insufficiently removed during the purification process.

« 2D-HIC-MS was able to provide the bioconjugation team confidence that their
platform HIC identifications were correct.
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Expertise & Capabilities For Antibody, Linker, and Payload ®

Size Related Variants Fc Glycosylation

High molecular weight species
Low molecular weight species

Afucosylation » Sialylation (NANA,

Galactosylation NGNA)

High-mannose * Non-glycosylated
heavy chain

Structural Variants Higher Order Structure

Aggregation and * Thermal

Sizing stability/transitions
Secondary/Tertiary * Protein Binding
Conformation Kinetics

Cysteine forms
* Sequence variants

Oxidation Related Variants Charge Related Variants Compendial & QC
* CDR: * Non-CDR: * Deamidation * N-terminal * Particulate matter * Concentration
* Methionine * Methionine * Glycation pyroglutamic acid  CCIT * Uniformity
* Tryptophan * Homo-variant * Aspartic acid * N-terminallysine  Stability studies * Viscosity
* Hetero-variant isomerization * N-terminal proline

N-terminal leader
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Thank you

Any questions?

Dominick Yeo

Field Scientist
Dominick.Yeo@catalent.com

Visit us at Booth #5!

catalent.com
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