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Gmax GPCR mAb Platform

GPCRs: privileged families as drug
targets
- Well validated targets for over 35%
approved therapeutics
Huge market potential: Sales of drugs

targeting GPCRs generated more than

$120 billion in 2015

Therapeutic areas covered:
cardiovascular diseases and metabolic

disorders

Proportion of small-molecule drugs
that target major families

B GPCRs (7TM1)

H lon channels

[ Kinases

[ Nuclear receptors

H Other

Nature Reviews | Drug Discovery | Dec. 2016

Challenges to generate mAbs

targeting GPCRs

- ~80 GPCRs are appropriate mAb
targets (C.J. Hutchings et al, /mAbs
2:6,2012)
Only 2 mAbs approved in world
(MogamulizumAb/Poteligeo, Kyowa
Hakko Kirin Co.)
Technical challenges to develop
mAbs Against GPCR s

GPCR families and structures
Nature Reviews | Drug Discovery | Vol. 3 [ July 2004

Gmax’s unique and integrated mAb
platform enables successful
discovery and development of

therapeutic mAbs against GPCRs
Innovation, Integration, Streamlining

Selected GPCRs

\ 4

Ab generation

\ 4

Ab screening

\ 4

Ab
engineering

\ 2

Drug
development 5
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GPCR antibody GMA301 (Getagozumab)

GMA301:
o NFALATTIEGE (IgGd) ﬁ(
« WEERZEFEG (Endotheli
receptor antagonist, ERA)

- BlEMmEY 7k
ENE: shikE s, YREJE (Possible)

H AT FRIERAZG 4

bosentan (Tracleer)
ambrisentan (Letairis/Volibris)
macitentan (Opsumit)
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fhsikS/E (Pulmonary arterial hypertension, PAH)
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GMA301 TaHHlR AR 251%
(75mg. 200mg7f|==2H.)

GMA 301 Phase la PK

£ Getagozumab 75mg
-4 Getagozumab 200mg

75 mg (N=6) 200 mg(N=6)

565.3+60.8

26993.2+4959.0
AUCO-t (h*ng/mL) 8803269.8+1735715.6
AUCO0-0 (h*ng/mL) 9745076.6 £2456720.3

Getagozumab (ng/mL)

8.0+£8.0
89927.1£17341.0
31997574.4+5813593.7
35871252.946396907.3
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© GMA301ERRSERAMILE, FsibkEEABAEESAFR/NT5A.
« EFEHB100-2005mA, RAROGEASFRRESIA20/57T, HiIREX,
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already approved same drug in order to obtain orphan-drug exclusivity. Failure to
demonstrate clinical superiority over the already approved same drug will result in your
drug not receiving orphan-drug exclusivity. 21 CFR 316.34(c).

You must submit to the Office of Orphan Products Development a brief progress report of
drug development within 14 months afier this date and annually thereafter until marketing
approval. 21 CFR 316.30.

Please notify this Office within 30 days of submitting a marketing application for the drug’s
designated use. Once your marketing application is approved, please contact Florence
Moore, M.S., Ph.D., at 301-796-9226 or alternatively at 301-796-8660 to assess eligibility
for orphan-drug exclusivity.

If you have questions regarding the development of your designated product, please feel
free to contact Soumya Patel, PharmD, at 301-796-8678 or alternatively at 301-796-8660.
Congratulations on obtaining your orphan-drug designation.

Sincerely,

& %,7,, Coput! /2. four
GayatrlR Rao, MD, J

Director

Office of Orphan Products Development
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24k, (Products made using pre- and post-change processes are
required to be comparable as demonstrated by comparability studies to
qualify for continuous development and commercial supply.)

o TJLUYERF TR IS R RN e — 2, AU s AL
(Not to confirm that the quality attributes of the pre-change and post-
change product are identical, but highly similar quality attributes.)

o DLIA 238 G BB AU PR T BIm R K5 (If @ manufacturer can provide
assurance of comparability through analytical studies alone, nonclinical or
clinical studies with the post-change product are not warranted. )



TZEENERIRA:

* improving the manufacturing process

* increasing scale

« Manufacturing site change

* improving product stability

« complying with changes in regulatory requirements

During early development, it is common practice for pharmaceutical companies
to focus on rapid advancement to first-in-human studies in order to achieve
proof-of-concept while gaining knowledge to inform subsequent development
decisions. Continued process optimization is therefore necessary to meet
regulatory requirements toward late-stage development, and to have a robust
process heading into commercial manufacturing
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Comparability is phase related (RJECIEFAFTHIFFRBNERARSE) -

The earliest time that the comparability exercise applies is between the
nonclinical materials used for investigational new drug (IND) application-
enabling studies and Phase 1 clinical material. During early phases of
nonclinical and clinical studies, comparability testing is generally not as
extensive as for an approved product.

For late stage comparability studies, comprehensive comparability studies,
including a thorough evaluation of the product quality using data from routine
lot release; extended characterization, including isolation and characterization
of variants and impurities; process testing, stability and forced degradation, are
performed.

if analytical comparability is not established, nonclinical and clinical studies will
be required.



Phase-appropriate comparability

Phase-appropriate comparability refers to the strategy adopted to ensure that the comparability
study is designed to meet phase specific requirements (see following Table), which vary in depth
and scope for different phases of development.

Table 2. Scope of analytical comparability at different phases of development.

Phase of development

Scope of comparability

Acceptance Criteria

Monclinical and Phase 1 clinical study  Release

Between Phases 1, 2 and 3

After pivotal study

Characterization

Release

Extended characterization (Including peak isolation and
characterization if new peaks or the same peak with
increased intensity are seen)

In-process (assays and controls)

Stability, if appropriate

Forced degradation, if appropriate, selected conditions

Release

Extended characterization (Including peak isolation and
characterization if new peaks are seen)

In-process (assays and controls)

Stability

Forced degradation, including more conditions

Mot necessary for pre-defined acceptance criteria

Pre-defined acceptance criteria based on limited experience
and limited statistical analysis

Pre-defined acceptance criteria based on statistical analysis




Critical quality attributes
RS PEAL Risk -assessment

GMAXBi 2

Risk is defined as “the combination of the probability of occurrence of harm
and the severity of that harm. Risk assessment is composed of risk
identification, risk analysis and risk evaluation. Risk assessment is an integral
part of a comparability study. Risk assessment helps define the extent of
cowxpamblhty stud:es, driving the selection of lots, analytical methods, amd

Y DR T SO BN A B B AU R B R R A5 R RSN R NS R S |

Table 3. Examples Uf proposed manuf‘acturlng changes and the associated risks.

Proposed changes Potential risks to CQAs
Manufacturing site change High risk

Dirug substance scale change Medium risk

Facility fit change Medium risk, depending on the nature of change
Cell line change High risk

Medium and feed change High risk

Fermentation set point change
Chromatography matrix change

Chromatography operation parameter change

Raw material changes

Drug substance storage container and te mperature
Formulation change-new excipients

Formulation change-same excipients at different concentrations
Drrug product storage temperature

Drug product packing

Dirug product presentation

Medium to low risk, may have been covered during process characterization

High risk on clearance of residuals, adventitious agents, product-elated
substances/impurities and process-related impurities

Medium risk, may have been studied during process characterization

Medium risk, potentially impacting extractable and leachable

Medium risk, extractable, leachable, stability

High risk, stability

Low risk

Low risk, supported by development data

Low risk, supported by development data

Medium to high risk, depending if raw material or device are changed




I LLIEfRFE 52 Comparability protocols

Table 7. Contents of a typical comparability protocol.

Sections

Contents

Process history and
comparison

Risk assessment

Comparability
strategy

Lot selection

Methods and studies
Acceptance criteria

Brief process history

Rational for process change

Comparison of pre- and post- change process

Leverage on development knowledge and scientific
literature to predict which quality attributes are likely
to be impacted and the potential impact on safety
and efficacy

Leverage knowledge of CQA for this risk assessment

Release

Extended characterization

In-process

Stability, if needed

Forced degradation, if needed

Mon clinical and clinical, if needed

Provide justifications for the selected tests and studies

Mumber of lots

Lot genealogy

Representative lots of the pre- and post-change lots

List of methods, studies and justification

Quantitative and qualitative
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‘Release testing methods

E—I.tlsll\iﬁﬂg__ﬁﬁg ﬁ*ﬁ'ﬁii | Physicochemical characterization

In-process testing methods

_Stability testing methods

The battery of tests for the comparability exercise should be
carefully selected and optimized to maximize the potential for detecting
relevant differences in the quality attributes of the product that might
result from the proposed manufacturing process change.

The measurement of quality attributes in characterization studies does
not necessarily entail the use of validated assays, but the assays should be
scientifically sound and provide results that are reliable. Those methods used to
measure quality attributes for batch release should be validated, as appropriate.
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Although the pre- and post-change product appear highly similar, the
analytical procedures used are not sufficient to discern relevant
differences that can impact the safety and efficacy of the product. The
manufacturer should consider employing additional testing (e.g., further
characterization) or nonclinical and/or clinical studies to reach a definitive
conclusion.

PINEEREE

It is essential to apply more than one analytical procedure to evaluate the
same quality attribute
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Where the change results in the appearance of new impurities, the new
impurities should be identified and characterized when possible.

Manufacturers should consider evaluating all relevant functional activities.
Biological assay results can serve multiple purposes in the confirmation of
product quality attributes that are useful for characterization and batch analysis,
and, in some cases, could serve as a link to clinical activity. The manufacturer
should consider the limitations of biological assays, such as high variability, that
might prevent detection of differences that occur as a result of a manufacturing
process change.

The manufacturer should confirm that the specifications after the process
change are appropriate to ensure product quality. Results within the established
acceptance criteria, but outside historical manufacturing control trends, might
suggest product differences that warrant additional study or analysis.
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* The pre- and post-change product is highly similar.

« Although the pre- and post-change product appear highly similar, some
differences have been identified in the comparison of quality attributes
and a possible adverse impact on safety and efficacy profiles cannot be
excluded. In such situations, the generation and analysis of additional
data on quality attributes are unlikely to assist in determining whether
pre- and post-change product are comparable. The manufacturer should
consider performing nonclinical and/or clinical studies.

» Differences in the quality attributes are so significant that it is determined
that the products are not highly similar and are therefore not comparable.
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AR Y TIRICRIREE BT BRI TR
(Meeting the release specifications is a basic requirement for
with respect to product quality, safety and efficacy.)

daemonstrating product consistency

Table 4. A typical list of batch release assays for mAb drug substance.

Attributes Methods

Safety Bioburden

Safety Endotoxin

General Appearance (color and clarity)

General pH

General Concentration

Identity Peptide mapping (LC-UV)

Purity SDS-PAGE/CE-SDS (non-Reducing and reducing)
Purity SEC-HPLC

Potency Antigen binding

Potency Cell-based assay

Potency Effector functions’

Charge/identity IEX-HPLC/IEF/cIEF/CZE

Glycosylation N-glycan profiling by NP-HPLC of labeled glycans
Impurities HCPs

Impurities Host cell DNA

Impurities Residual protein A
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Table 8. Proposed acceptance criteria for mAb compambility assessment.

Category of testing Specific assays Acceptance criteria

Routine batch release Peptide mapping = Meeting release specification

sComparable peak profiles based on retention times and relative intensity
=Mo new or missing peaks in the post-change lots

SDS-PAGE/CE-SDS sMeeting release specifiation
sPercentage of main band/peak within the acceptance criteria based on statistial analysis
sSame banding/peak pattem
oMo new species

SECHPLC sMeeting release specifiation
sPercentage of main peak within the acceptance criteria based on statistical analysis
s5ame retention times of the aggregate, monoemer and fragment peaks

Charge (CEX, clEF) sMeeting release specifimtion
sPercentage of major peaks within the acceptance criteria based on statistical analysis
sNo new peaks in the post-change lots

Oligosaccharides sMeeting release specifiation
sPercentage of major peaks within the acceptance criteria based on statistical analysis
sNo new peaks in the post-change lots

Binding affinity elMeeting release specifiation
=Binding affinity within the acceptance criteria based on statistical analysis
Cell based assay sMeeting release specifi@tion - Potency within the acceptance criteria based on smtistial analysis

Extended characterization Molecular weight analysis by LC-MS eMass error within the instrument accuracy
sThe same species
Peptide mapping with LC-MS detection eConfirmaticon of the primary sequence
ePercentages of post-translational medifi@tons withinthe acceptance criteria

Disulfide bonding pattern sConfirmation of the comect disulfide bond linkage
Free thiol sLevel of free cysteine within the acceptance aiteria based on statistical analysis
D oMo substantial difference in the spectra and conformational fractions, if calculated
AUC ePercentage of main peak within the acce ptance criteria based on statistical analysis
sAggregates, monomer, and frag ments with comparable sedimentation velocity
Process comparison Process controls sEqual or better process control
Product quality sEqual or better impurities clearance

eEqual or better product intermediate stability
sComparable product-related substance

Stability Real time and accelerated eComparable or slower degradation ates
e5ame degradation pathways
Forced degradation Various conditions eComparable degradation kinetics

e5ame degradation pathways
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Comparability with in-process controls

The DS should be evaluated at the process step most appropriate
to detect a change in the quality attributes

Adequacy of the in-process controls including critical control points and
in-process testing: In-process controls for the post-change process
should be confirmed, modified, or created, as appropriate, to maintain
the quality of the product;
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FREMAS Stability

Stability studies are used to demonstrate that the post-change material has a
stability profile comparable to that of the pre-change material.

Stability studies have the potential to detect differences that cannot be detected
by release and extended characterization assays

Stability studies include real time, accelerated, and forced degradation studies.

Table 6. Various forced degradation conditions and their effects on mAbs.

Forced
degradation
conditions

Quality attributes to evaluate

Thermal

Low pH

High pH
Agitation
Freeze/thaw
Oxidation
Deamidation

Glycation

Photo

Aggregations and chemical modifications such as oxidation,
deamidation
Aggregation and fragmentation
Aggregation, deamidation, degradation of disulfide bonds
Aggregation
Aggregation
Susceptible sites of oxidation, which may be altered if structure
changes introduced
Susceptible sites of deamidation, which may be altered if
structure changes introduced
Susceptible sites of glycation, which may be altered if structure
changes introduced
Tryptophan oxidation
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Any change with the potential to alter protein structure or purity and
impurity profiles should be evaluated for its impact on stability.

For example, the presence of trace amounts of a protease might only be
detected by product degradation that occurs over an extended time
period; or, in some cases, divalent ions leached from the container
closure system might change the stability profile because of the
activation of trace proteases not detected in stability studies of the pre-
change product.

Accelerated and stress stability studies are often useful tools to
establish degradation profiles and provide a further direct comparison of
pre-change and post-change product.
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ALV SRS Comparability report:

A comparability report is generated and ultimately used for requlatory submission
to obtain approval of the changed process.

The core data used for the comparability study come from routine batch release
testing, extended characterization and process comparison in terms of process
controls and in-process results. Depending on the phase of development, the nature
of changes, and the outcome of the risk assessment, stability and forced
degradation data may also be needed to establish comparability.

If there are differences, the report should primarily focus on the differences and
justifications as to whether or not the differences will negatively impact product
quality, and thus adversely impact product safety and efficacy.

In cases where comparability cannot be established based on quality data,
nonclinical and clinical studies are required.
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N-terminal modifications

The two most common N-terminal modifications of a mAb are the presence of pyroglutamate
(pyroGlu) as the first amino acids of the mature light chain or the heavy chain and the
presence of unprocessed leader sequences.

The presence of N-terminal pyroGlu or a leader sequence is not expected to affect the
overall structure and function of recombinant mAbs.

C-terminal modification

Removal of C-terminal lysine (Lys) and C-terminal amidation are the two major C-terminal
modifications.

From this body of knowledge, it can be concluded that neither C-terminal Lys nor amidation is
expected to impact mAb structure, stability, function or safety.
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N-linked glycosylation
N-glycosylation is one of the most sensitive indicators of manufacturing consistency, and therefore is of
particular interest for comparability studies.

Sialic acid
Sialic acids on the conserved Fc-glycans of mAbs are present at levels rarely exceeding 5%. But it is important to closely

monitor and control the level of NGNA and carefully evaluate the levels when comparing pre- and post-change lots
during comparability studies.

Fucose

In contrast to other receptors, low core-fucosylation results in a dramatic improvement in antibody binding to FcgRIll1a89-
92 and leads to higher ADCC activity. The correlation between low core-fucosylation and higher ADCC was found to
translate into higher efficacy.

High mannose

Heightened concern around high mannose structures is related to studies indicating their effect on the PK properties of
recombinant mAbs. Such studies have demonstrated that the presence of high mannose resulted in shorter in vivo half-
life in animal models as well as in humans.

Aglycosylation
Aglycosylated IgG1 antibodies show substantial conformational differences, decreased stability and almost complete
loss of the Fc effector-triggered biological functions such as ADCC and CDC.



Deamidation

(0]
NH
Deamidation has been reported to occur in antibody " (:én "0
complementarity-determining regions (CDRs), and N I
resulted in decreased antigen binding affinity. Asn  Gly
However, deamidation has been reported more “'NHa
frequently in the constant domains of recombinant 0 o
mAbs. (4 ©  _uo 0
H uccinimide

The effect of deamidation varies depending on the Asp. Gl "o Piomedinte
location of the Asn residue and the resulting products. “+ Hz0

0
The presence of succinimide in the CDRs has been N,JJ\
shown to decrease mAb antigen binding affinity and Ny o
potency. o ey
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Oxidation

The most prevalent oxidation events of mAbs occur to methionine128—-131 and tryptophan132-134 residues.
Modifications related to cysteine residues

Glycation

Glycation of lysine residues has not been shown to affect potency and PK.

Many of the modifications result in the generation of acidic species because they are
either on the side chains of lysine or arginine residues or the light chain and heavy
chain N-terminal primary amine groups. The reaction products are undesirable in all
these cases and need to be evaluated as part of the comparability assessment.
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Aggregation

Aggregates are one of the major impurities in mAb therapeutics, and are classified, by
default, as a CQA.

The major concerns with aggregation are loss of efficacy, receptor activation through
cross-linking and, most importantly, immunogenicity.

Coloration

Coloration of mAb drug substances is a common quality attribute, especially for high
concentration solutions. Oxidation of tryptophan residues, the presence of advanced
glycation end products (AGEs), and association of mAb with B vitamins, their
degradation products or B-vitamin mediated reaction products have been identified as
contributors to the coloration of mAb solutions. In addition, Formulation buffer excipients
could have a substantial impact on mAb coloration.
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From the perspectives of product quality and comparability, charge variants are
important because they are the most commonly cited reason for heterogeneity.

Charge variants

Acidic variants are typically the sum of unrelated mAb variants containing various
degrees of sialylation, Asn deamidation and glycation.

Basic species are mainly formed due to uncyclized N-terminal GIn, C-terminal lysine and
C-terminal amidation.

If process changes result in differences in the formation of new product-related variants
or impurities, the differences would likely be detected by a charge-based method. When
differences in charge profile are observed, thorough characterization is required to
understand their chemical nature, and their impacts on safety and potency.
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Product-related impurities
Process related impurities

This distinction is very relevant to the comparability exercise because the
expectations for a tighter control of product-related impurities will be notably
higher than for the variants.

The safety risks associated with process-related impurities and contaminants
call for particular attention to be paid to both when evaluating pre- and post-
change materials for comparability.
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M18A-20-E-200L-1-BK
(New clone)

RRHATR IS B i
Lot Items Results Specifications
HCP 0.0015% <0.0100%
HCD <<0.18 pg/mg <10 pg/mg protein
Pro.A 0.00004% <0.0010%
SEC Monomer: 99.4% Monomer: > 95.0%
HMW: 0.6% HMW: <5.0%
Reduced CE (LC+HC):99.6% (LC+HC): = 90.0%
Non-reduced CE 97.4% Monomer: > 90.0%

Acidic variants; 24.8%

Acidic variants; < 30.0%

o 5 o o0
WCEX Basu; VSIS A Basic variants: < 25.0%
Main peak: 52.6% Main peak: > 50.0%
Shoulder peak: 11.8% peak: = 08070
. . The profile should conform to
TPl Coplons working reference standard
Relative binding activity Not tested 50.0%~150.0%
Biological activity 115.6% 50.0%~150.0%
Polysorbate 80 Not tested 0.2~0.6 mg/ml
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GMAXBi 2

AY
2] 2 HPLC .77 S A 4k 1) 2%
SampleName: R-301-1901-suitabilty
0.04
2
< 0.02
0.00+
pleName: 301-20200225-DS-mein peak
0.05-1
2 Main peak: 98.9% (Basic peak:1.1%)
0.00+
pleName: 301-20200225-DS-acidic peak
0.020] \ AN
R I / \ Acidic peak: 77.2%(Main peak:17.9%, Basic peak:1.6%, shoulder peak 3.3%)
T 0,010 [ / \ 11
'\ \J |\
0000t——~ — - —
p : 301-20200225-DS-basic peak
2 0 Basic peak: 98.5% (Main peak :1.5%)
0.00+1
SampleName: 301-20200225-DS-shoulder peak
o Shoulder peak 89.2%(Main peak:8.6%,Basic peak:2.2%)
2 °
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ZREESNETNIN

- AR BT S AR EEAA, LCMSZ)#T, Biopharma Finderf¥2%, Wsins WM&,
BN AR EKGly I & Hzamidation (DesG Amidation, JE/P58Da)

= Amidationf&Thin] PL S S0 14 .

= MRYE = APERARE A S5 B, BPIER] B8 A AR R i 25 Gy H [F] B fECoR ¥ H amidation,

S EBPAIMPAH Z59Da.
~SLSLS(P/L)GK --,

Jlcp ~128 Da

_SLSLS(PILG <

{1 Pam . -58 Da
-SLSLS(P/Ljwz <

Scheme 1. Speculated process of the C-terminal processing of recombinant ther-
apeutic monoclonal antibodies. C-terminal Lys on the heavy chains of mAbs that
is encoded in the gene sequences is removed by intracellular CP(s) resulting in a
128 Da reduction in molecular mass. PAM cleaves C-terminal Gly and produces C-
terminal Pro amide for IgG1, 1gG2 and 1gG3, or Leu amide for IgG4 leading toa 58 Da
reduction in molecular mass [12]. CP stands for carboxypeptidase. PAM stands for
peptidylglycine alpha-amidating monooxygenase.



i 22 HZML: -57Da
MEfEAL: -1Da

MIt_58Dadr =

C-term. Pro-amidation
(Pro-OH => Pro-NH2: -1 Da)

E==p L=

C-term. clipping
(- Lys: <128 Da; - Gly: -57 Da)

Conclusions: LC-MS results showed that the post-shoulder-peak was caused by the glysine depletion
and leucine amidation at the C-terminal. (Biopharma Finder DesG_Aimdation, AM=58Da)

Beck, A.; et al. Characterization of Therapeutic Antibodies and Related Products. Analytical Chemistry. 2013, 85(2): 715-736
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Mean value

Sample Lot of ref. Z L S MEICS0 it HR ¥ HEICS0 Relative activity% % CV%
0
2529 27.44 922
41.55 3371 1233
GMA301-20200225-DS-main Peak 18.94 1569 120.7 T B0
(E1%) 12.36 11.83 104.5 — :
16.9 10.1 167.3
12.69 12.73 99.7
2529 24.51 1032
41.55 39.91 104.1
GMA301-20200225-DS-acidicPeak 18.94 172 1o.1 1034 .
(BR M) 12.36 14.93 82.8 == :
16.9 13.99 120.8
12.69 12.8 99.1
R301-1901 28.93 19.55 148.0
28.93 22.16 130.6
GMA301-20200225-DS-basicPeak 25.06 20.8 120.5 o B0
(BRI ) 20.16 13.01 155.0 Sose :
14.92 12.16 122.7
23.17 19.97 116.0
244 20.78 117.4
244 18.75 130.1
GMA301-20200225-DS-shoulder Peak 16.88 12.41 136.0
133.9 8.7
(fRiE) 20.16 13.22 152.5 —
14.92 10.76 138.7
23.17 18.01 128.7
i 3137 29 108.2
GMA301-20200225-DS (JE) 100.7 NA

4127 4425 933 100.7
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GMA301-20200225-DS-main Peak
(Eif)

GMA301-20200225-DS-acidicPeak
(B& i)

GMA301-20200225-DS-basicPeak
(BB M )

GMA301-20200225-DS-shoulder Peak
(/RE)

R-301-1901

80.94
62.27
49.56
55.33
80.94
62.27
49.56
55.33
72.58
36.02
46.84
93.53
72.58
36.02
46.84
93.53

90.27
70.46
59.61
66.51
90.47
72.38
56.25
67.78
66.27
41.54
52.69
73.34
79.21
44.03
62.12
102.7

89.7
88.4
83.1
83.2
89.5
86.0
88.1
81.6
109.5
86.7
88.9
127.5
91.6
81.8
75.4
91.1

103.2

4.0

4.0

18.6

9.2








