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Integration of Analytical Release Methods into Product Life Cycle
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Know Your Protein and Hot Spots!

Deamidation (Asn — Asp)

® Isomerization (Asp — Iso Asp)

Oxidation (Met)

. ® ® N-glycosylation
%% Free Thiol (-SH)
e
) D @® Pyro-Glutamate
e o
@® C-terminal Lysine
AVID~ - Risk Assessment - “must” have and “nice” to have methods
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Quality Attribute
(Choosing Right Engine)
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Method Development Elements

Stage Product QbD Analytical QbD
1 Define Quality Target Product| Define Analytical Target
Profile (QTPP) Profile (ATP)
5 Product Critical Quality Method Critical Quality
Attributes (QA) Attributes (QA)
3 Risk Assessment Method Risk Assessment
4 Design Space (or) Established| Method Operable Region
Conditions (Q13) (Design Space)
Control Strategy (System
> Control Strategy Suit, Acceptance Criteria)
6 Life Cycle Management Life Cycle Management
Ramalingam et al Int J Anal chem, 2015
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Method Dev/Validation Break Down

1. Define Target or Measured Attributes and out put based on CQA and QTPP

AMEIEE e — Impurities critical to product performance and Biological function, Oxidation,

Profile/Critical Quality L
Attribute Deamination
— Purity, Identity, Quantification, Potency, Concentration, Variant

{} = New Methods

1. Select appropriate Technology, Materials and Equipment
— HPLC, CE, iCE3, Plate based
2. Determine what to Measure and where/when to measure (in-process or release)

Technology
Platform Selection

Knowledge of Structure, Mechanism of Action, Nature of the molecule,
Heterogeneity/Modifications, process related impurities and their potential impact to
clinical study

Identify Strength and Weaknesses

Identify Key Variables and operable region (Risk Assessment FMEA)
Understand Sample Matrix (Buffer, excipients)

Establish Method Control Strategy (system suit, acceptance criteria, method
performance criteria)

Transferring
Existing Methods

Method
Development

<

Method 1. GMP Documentation to confirm the method is suitable for the intended purpose
Qualification/Validation | 2. Design appropriate Qual/Val study Q2(R1) (eg: light or moisture sensitive sample)

rowpdpE
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Considerations for Method Development / Validation / Transfer

Sample Prep
Section

W Sample is in What Buffer

O Any filtration/purification before analysis
- Evaluate sample loss limit/range

W What Buffer to be used for Prep/dilution, pH
(how many steps/volumes-error rate)

W Sample Storage container suitability

W Use of secondary tools required
- syringe to take sample of of vial
- dropper/tips/needles

W Any Heating or Cooling of sample
- how well they are sealed, tolerance limit
- water bath or hot plate (thermocycler)

W Any chemical rxn reduction, alkylation etc
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Running Check List

HPLC Method
Section

3 Define/Understand the Scope and Goal of the method

- 1D/Purity/Quant
- CQA and what stability indicating parameter this method targets
- Method is developed to capture/cover what?
{type of impurities, N-1, N+1 and what are the limits)
Types of solvents/Buffers for mobile phase, pH

- % or ratio of mixing and its error limits

- type of water (Milli-Q or Dl or Inj. Grade)

- stepwise guidelines for order of mixing

- evaluate volume error/miscibility issues

- minimize salt as much as possible

- filtration required? Temp (don't say RT, give 25+ 1or2C

System/Column clean up before use to avoid carryover

- make sure seal wash set up in method to extent lifetime
- define carryover limits

0o

Data Processing
Section

Type of integration

- baseline integration preferred
Baseline drift level

Resolution criteria

System suit sample selection and how
SS pass/fail correlated to sample
pass/fail, which inturn related to CQA
of the method

Provide data in old and new column to
show where it breaks, how it is taken
in to system suit pass/fail

Accepted level of baseline noise/drift



Method Development Life Cycle
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Increasing regulatory

manufacturing i.a requirements in
process o later phases

Change In
formulation
Change in
synthetic
route
(ADC) ‘
MD = Method Development MT e
MV = Method Validation ICH Q2

MT = Method Transfer

Robert W, Lee and Lourie Goldman; Life Science Connect



Stabillity Indicating Capability of an Analytical Method
(Enzyme Activity Assay)
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Qualification and Validation of Analytical Methods

e Qualification/validation demonstrates

that the analytical procedure is
suitable for its intended use.

e Defining the Critical Quality Attribute

and Stability-indicating Capability

e Can we trust past and future data
(Reliable, Consistent)

BIOSERVICES
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Accuracy

Int. Precision

Robustness
tability
3 X Freeze Thaw cycle

n=3, Analyst

10



Typical Analytical Method Readiness Timeline

Week Week Week Week Week Week
1 2 3 4 5 6

Category 1 >General Method Dev - -
General Methods =ormal Method General Method Qualification (or) Validation
(e.g UV, pH) > Transfer >
> Month 1 > Month 2 > Month 3 > Month 4 > Month 5 > Month 6 >
Category 2
Purity Methods Purity Method .
ualification

(e.g. HPLC, CE) Transfer > Method Dev. Q

Feasibility Validation

From Scratch — timeline widely vary (1-2 years)
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Product Analytical Characterization

Aminog acids
Primary |:>
Fleated sheet m— Alpha helix =—

Secondary

Tertiary

Quaternary

D
D
5
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amino acid sequence

Trp-Val-Tyr-Ala-Cys-Arg-Trp-Glu-Ala-Cys-Phe-Thr-Arg-Asp

rpVal-lyr-Ala-Cys-Arg-tp D folded amino acid sequence

Asp-Arg-Thr-Phe-Cys-Ala-Glu

=K =<

secondary structure folded
onto other secondary
structure

= ==

two or more tertiary structures
associated (with different AA
sequences)

post-translational modification
(e.g., glucosylation)

=5 S

protein-heterogeneity

Image adapted from National Human Genome Research Institute 12



An Exercise in Pattern Recognition

Fingerprinting
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Overview of Molecular Structural Analysis and Functional Assessment

‘ Molecular characterization Functional assessment

i

»Primary structure P " ; =5
®ESI-MS . Y A Egrl:gtl:;'t:m dissociation
:EICE:-hSASS(,PeptIde mapping) e Biacors
® Fluorescence ELISA
»Secondary structure (FL-ELISA)
:gll’lelal‘ t?lch|;0|sm ((jCD) e Kinetic exclusion assay
_ A ourier transforme (KinExA)
L= infrared (FT-IR
N/ ((fr R » Higher or(der stl)'ucture » Ligand binding assay
! w TH LU RN g ® /n vitro potency assay
AN ®HOX-MS IVRP
ka&-—-‘ﬂ*“"‘" - e XRD E: )t ELISA
® Competition
}OG Ilfluoreslct:pce spectroscopy e Biacore
% ggfﬁg " » Cell-based assay
e HPLC (IEX, HILIC etc.) :
oL C-MS
(Peptide mapping) Analysis of effector functions Protein Cell 2018, 9(1):74-85
AVIDr <~ & e » ADCC, ADCP & CDC assay
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Integration of Analytical Characterization Methods into Product Life
Cycle

O Tox Study

O Limited Structural
Characterization

Mainly Primary Structure

- Sequence info (Peptide Map)
- Sequence Variants

- Amino acid Mis-incorporation

- Glycan Profile

Biological Characterization
(Immuno assay, Binding assay)
Lab-scale Viral Clearance
Limited R&D lot stability
Limited Forced Degradation Study
Accelerated Stability

O In-depth Structural Characterization
O 1° Structure

- Sequence info-Peptide Map

- Sequence Variants

- Amino acid Miss-incorporation

- Glycan Profile
O 2° Structure

- Circular Dichroism

(UV Far/Near, FL)

- Binding Assays, BLI, FcY

- DSC
0 Continue Stability Studies
O Extensive Viral Clearance
O Manufacturing Scale up
U Selective Leachables/Extractables
O In-depth Forced Degradation Study

0 Extended Structural Characterization
O 1° Structure

- Sequence info-Peptide Map

- Sequence Variants

- Amino acid Miss-incorporation

- Glycan Profile
O 2°, 3° and 4° Structures

- Circular Dichroism

(UV Far/Near, FL)

- Binding Assays, BLI, FcY, SPR

- DSC

- HDX, 2 or 3D NMR, SAR
O Full Scale Leachables/Extractables
0 Confirmatory Stability
O Final Specification Setting

cooo O
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* Special considerations for Orphan drugs and breakthroughs 15



Quality Profile

Release Tests
(Specifications)

Extended Characterization

- Process
- Product

Process Control

- Procedures

- Materials

- In-process Testing
- Monitoring

- Validation

Unknown (Learned overtime)

Update Control Strategy 16



Analytical Method Transfer Case Study 1

Drug Product

Sterile NORM-JECT®
used to transfer sample
in to HPLC vial

—>

HSW® Nerm-Ject® Sterile Luer-Slip ...

Sterile NORM-JECT®
Sample transfer syringe
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GMP Method Transfer Case Study 1

B
1
]
i ]
. 4
K
&
4
e i) D1

[Eh R B LT o B R e ]
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GMP Method Transfer Case Study 1

2 mL NORM-JECT
Transfer syringe

129 9584
Mass spec
analysis e

IA\
I\
U : HSWE Norm-Ject® Sterile Luer-Slip ...
—r 193.9526
| \E 129 188.0614 Lo | 196.1458 1991587 .
] 1 T T v a I i " v 0 v v c.:_ v T i .
l. 6 87 8 B9 190 1y 12 93 1ee 195 1% 197 198 199 20 200
I
: : %102 +ES| Product lon (18.855-19.455 min, 35 Scans) Frag=150.0V (190.9658[z=1] ->**) Scans) Cryo_new gradient.d
| e 1449605 (F)
1 | ¢ 172.9551 0. OH
! $ 5 i 110.9996 1 '52"'3 N ol
 |le ‘ A O SO = DCBA
|
! : 2 75.0233 . c
! " 1 59.0501 | 849839 98.9935 119.0478 162.9714 190.9647 215.4689

) 0 e ek ——hd T - i
. ! 5 e 70 8 9% 100 110, 330 0" S0 180 T80 170 180 1% 200 210
31 | &
=l . E"‘ .

; P - The observed mass is 189.9584 Da.

P 4 W 1 - The observed isotopic peak distribution pattern matches well against the
1 T .
1l theoretical mass spectrum of C7TH402CIl2.
\\ ! .
N - The MS/MS spectrum can also be assigned to each fragment of C7TH402CI2,
which is possibly match with dichlorobenzoic acid.
QVID/'\ ~ - It has been reported that 2.4-dichlorobenzoic acid can be released from silicone
coated tubes. Therefore, it is likely that 2,4-dichlorobenzoic acid is the impurity.
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GMP Method Transfer Case Study 1

BAZTA Byed i, o) Bateg® AR 1T -."'l-:.m-:::i I e

_ w _ Sample Directly
Direct Transfer Jas . Transferred [
— ® in to HPLC Vial |
& : |

Waters Vials are certified clean using a 2-, 3-, or 4-step certification process:

LC/GC Certified LCMS Certified TruView LCMS Certified

Dimensional Test v v v

Chemistry Test v v v )
HSW®& MNorm-Ject® Sterile Luer-Slip ... MS Scan ( (
Low Adsorption Test v
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GMP Method Transfer Case Study 2

Derivatization X

NANA removal at 80 °C !!
IVSi ‘ OPD Reagent _
By Hyd rolysIS UV Inactive (Ortho Phyenylene Diamine) uv AbSOfptIOﬂ
‘ﬁ' at 230 nm
Protein with
Sialic acid (NANA)
"" ). 2000000 -
ij SIGMA-ALDRICH <
OPD-Commercially available
AVIDF< & and In-house qualified N
BIOSERVICES 0 20 40 Amzoum(ﬁ(;/ml_l)oo 120 140
Wi I iabili 21
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GMP Method Transfer Case Study 2

Time (mins) Temperature of the solution °C
Target = 80%2 °C
Aluminum Block/Beads |Aluminum Block/Lab
(SEALED) Hormor Beads (OPEN)
0 22.8 22.3
1 48.5 50.9
2 63.3 60.0
3 715 64.1
4 75.4 67.3
5 77.6 70.1
6 79.0 71.7
b 7 79.3 72.6
“DO NOT” expose to air 8 79.6 73.8
9 79.9 74.2
10 80.0 75.4
11 80.1 75.3
12 80.1 75.6
13 80.0 76.6
14 80.2 76.8
15 80.1 76.7
AVID < - 1. Lab Harmor beads or block should be sealed to avoid heat loss

BIOSERVICES 2. The heat transfer significantly affects the reaction kinetics and derivatization
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