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Our AQbD approach - Method request and ATP
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Method Request
Adenoviruses

90 — 100 nm diameter

Total M,,: 150 MDa
(1000 times larger than antibody)

Core: DNA

Production process

Upstream Cell growth and
processing (USP) IO JITor d o]y

Down stream

Cell lysis
processing (DSP) Release of virus

L

Clarification and
DNA precipitation

Anion exchange
chromatography

Diafiltration and
ultrafiltration

van Tricht et al, Electrophoresis 2019; 40, 2277—-2284 van Tricht & Sanger-van de Griend, Electrophoresis, 2025: 46:933-953
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Production process

Method Request

Requests by DSP scientist:

* Determine adenovirus
concentration in all process steps

* More precise and accurate Down stream

e Time-to-result for in-process processing (DSP) Release of virus
control (IPC) test <4 h h

Clarification and
DNA precipitation

Upstream Cell growth and
processing (USP) IRIICHI(I]I{er)4 o]y

Production process on-hold for 3 days
awaiting qPCR results for virus

concentration determination
Anion exchange

chromatography

Diafiltration and
ultrafiltration

Final product
van Tricht et al, Electrophoresis 2019; 40, 2277-2284
van Tricht & Sanger-van de Griend, Electrophoresis, 2025; 46:933-953
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The Analytical Target Profile (ATP)

The ATP is a list of analytical and business requirements from the requester, method
developer, end-user, and the possible
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The Analytical Target Profile (ATP)

van Tricht & Sanger-van de Griend, Electrophoresis, 2025; 46:933-953

Summary of request

Priority

Targets and ranges

Product quality attribute

Virus particle concentration determination (in VP/ml)

Clinical phase

Phase | — commercial

Aim of study/method

1) For adenovirus production process development
and product characterization a precise, accurate,
robust, degradation sensitive, and a high-throughput
method is needed for the quantitation of adenovirus
particles in all process intermediates, DS, and DP.

2) An accurate adenovirus amount should be loaded
upon the AEX- filters, to avoid filter blockage, excessive
viral dilution, and impurity break through and to avoid
product degradation whilst testing, a precise, accurate,
robust, and fast method for adenovirus quantitation is
required for in-process control testing (IPC).

Crude harvest, Lysed harvest, Clarified harvest (IPC), Anion exchange product, Diafiltration product, Drug

. . 1
Product description and/or process step substance, Drug product
Analyte(s) 1 Adenovirus type 26 and type 35
. The matrix could contain dell derbis, residual DNA, salt, protein and or formulation buffer components
Matrices . .
dependent on the process intermediate
Concentration range(s) 3 10'° - 10" VP/ml (~ 170 pmol/L)
Requester requirements Time-to-result 2 < 2 days for process development (1), < 4 h for IPC testing (2)
Type of test Content / potency
Required validation status Qualified
Specificity Detection of Ad26 and Ad35 without significant interference of sample matrix components
Range / linearity 3 110° - 1.10" VP/ml
ICH Q2-characteristics Accuracy 3 < 10% bias
Precision /
Intermediate 2 Intermediate precision < 10% RSD
Precision
End-user Quality control
End-user requirements Throughput 3 1 sample per run for IPC testing, > 7 samples per process

development run. > 300 samples a month for process development.
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Technologies selection

Select optimal techniques to adhere to ATP requirements and business urgency
(priority and impact).

Techniques — — —
Requirements Virus particle concentration determination (in VP/ml) Priority 0D260 AEX-LC-UV | RP-UPLC-UV SEC-LC qPCR CE-UV Virocyt AF4-UV
Process intermediate(s) and matrix Crude harvest, Lysed harvest, Clarified harvest (IPC), Anion 1 |
§ exchange product, Diafiltration product, Drug substance, Drug I l
a product. The matrix could contain dell derbis, residual DNA, salt, I !
% protein and or formulation buffer components dependent on the i
x© process intermediate Only DS/DP | Only DS/DP All Only DS/DP All All ] All Only DS/DP
Requester requirements Time-to-result < 4 h for IPC testing 2 <4h 4h 4h 4h 4h 1h 1h 4h
Specificity Detection of Ad26 and Ad35 without significant interference of 1 Adenovirus ] Adenovirus
5 sample matrix components Aromatic particles and | Adenovirus I ] DNAand
5‘ peptides and| Adenovirus Adenovirus protein encapsulated || Adenovirus | protein Adenovirus
2 nucleotides particles protein aggregation DNA particles epitope particles
3 Accuracy Accuracy (spiked recovery) 2 80 - 120% 80 - 120% 75 - 125% 80 - 120% 70 - 130% 90 -110% Unknown 80 -120%
B Precision Intermediate precison £10% RSD 2 [
% 20% 10 - 20% 10 - 20% 10 - 20% 10 - 35% 5% b% (uncertain) 20%
i A - A 7
= Coneentration range 10710 - 1012 VP/mi > 100 veimi| > 10 vRiml | > 10° VPmI | > 10" vPmI | > 10° vPimi P 10" VPimiy > 10°VPIml . 4510 ypymy
(uncertain)
End-user Quality control
= Yes Yes Yes Yes Yes Yes Maybe No
$ End-user requirements Throughput 1 sample per run for IPC testing, > 7 samples per process 2 !
2 development run. > 300 samples a month for process > 300 300 300 300 < 300 [ > 300 ! > 300 300
w development.
Equipment availability Yes Available Available Available Available Available Available § Not available | Not in QC

Technique of Choice:

Capillary Electrophoresis
with UV detection

13
LES STEP 5: Select 1 or more technologies based on risks and timelines




The right technology for the right purpose

20
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Capillary Zone Electrophoresis

Capillary Zone Electrophoresis (CZE) is defined as the movement
of charged ions by attraction or repulsion in an electric field

il UV - e————
‘ Background electrolyte (BGE)
|
Neutral-coated capillary (50 um)
.. Detection
Injection i
window

Signal
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Our AQbD approach - Critical method parameters
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Identify

Focus

Prior Mapping Criticality Risk
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CMP = critical method parameter
pPCMP = potential critical method parameter
NCMP = non-critical method parameter
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Do we optimize all method parameters?

* Many analytical procedures consist of > 60
parameters that could be optimized and that
could possibly impact the ATP requirements
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* Only possible with endless budget, time, and
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Mapping method parameters
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van Tricht & Sanger-van de Griend, Electrophoresis, 2025; 46:933—-953
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1

Mapping all
parameters

2

Score effect (impact) and
knowledge (certainty)

List of CMP, nCMP
and pCMP

3

Criticality
assessment

Scoring table

Knowledge / Certainty
Low Medium High

Effect / Low pCMP nCMP nCMP
Impact Medium pCMP pCMP CMP
Significant CMP CMP CMP

e 14 Critical parameters
* 2 Potential critical parameters
* 50+ Non-critical parameters

van Tricht & Sanger-van de Griend,
Electrophoresis, 2025; 46:933-953

: Vo \ —
Effect / Impact Knowledge / Certainty Proc.eed to
Method parameters (Low, Medium, . . risk Score
. (Low, Medium, High)
Significant) assessment?

Buffer pH Significant high Yes CMP
Buffer type Significant high Yes CMP
Capillary coating Significant high Yes CMP
Capillary conditioning Significant High Yes CMP
Sample type and matrix Significant high Yes CMP
Detection wavelength Significant high Yes CMP
Injection mode Significant high Yes CMP
Capillary storage Significant high Yes CMP
Cassette temperature Significant high Yes CMP
BGE degassing Significant medium Yes CMP
BGE filtration Significant medium Yes CMP
Injection volume medium high Yes CMP
Applied voltage medium high Yes CMP
Sample tray temperature medium high Yes CMP
SD?\ln;?le treatment (remove Significant low Maybe oCMP
Benzonase storage Significant low Maybe pCMP
CE vials Low high No nCMP
CE lamp equilibration time Low high No nCMP
Pipette step for sample transfer Low high No nCMP
Capillary length Low high No nCMP
Capillary diameter Low high No nCMP
... (50 additional rows)

CMP = critical method parameter
pPCMP = potential critical method parameter
NCMP = non-critical method parameter
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A paper-based tool to
quickly filter out the non-
critical method parameters

Clear focus achieved by
reducing 60+ method
parameters

to 16 parameters

S R toree

All method parameters > 60

Only critical paramete’
+10-20
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Risk management

Risk score before mitigation

CMmP ATP Possible cause Effect | Probability Score Proposed experiments
requirement |and effect (impact) (1-10) | (chance) (before
affected (1-10) mitigation)
Capillary Bias and Virus adsorption to the capillary wall Test multiple capillaries and coatings and
coating precision could impact bias and precision 10 3 30 select capillary + coating with good virus
recovery
Separation Bias A pH that is too low or too high could 10 3 30 Find the optimal pH range for adenovirus
Buffer pH cause virus degradation stability
BGE Bias and Inadequate BGE composition could Screening of BGE and capillaries
composition | precision cause the matrix components or
adenovirus to adsorb, precipitate, or Screening to reduce adsorption
aggregate and cause an inaccurate and 10 3 30
imprecise results Optimize conditions
Sample type | Bias and Sample matrix components like DNA, Evaluate whether a sample treatment is
and matrix | precision protein, or salts could impact the 10 8 20 required for a set of representative
precision and bias samples from DSP and USP
Detection LOD and LOQ If the wrong detection wavelength is Evaluate and select a wavelength that
wavelength selected, this could result in low or no 10 3 30 allows for adenovirus detection and
S/N values. guantification




1

Cause and Effect (impact)

[

2

Quantify the risk

Risk score before mitigation

3a

Proposed Experiments

CMmP ATP Possible cause Effect | Probability Score Proposed experiments
requirement |and effect (impact) (1-10) | (chance) (before
affected (1-10) mitigation)
Capillary Bias and Virus adsorption to the capillary wall Test multiple capillaries and coatings and
coating precision could impact bias and precision 10 3 80 select capillary + coating with good virus
recovery
Separation Bias A pH that is too low or too high could 10 3 30 Find the optimal pH range for adenovirus
Buffer pH cause virus degradation stability
BGE Bias and Inadequate BGE composition could Screening of BGE and capillaries
composition | precision cause the matrix components or
adenovirus to adsorb, precipitate, or Screening to reduce adsorption
aggregate and cause an inaccurate and 10 3 30
imprecise results Optimize conditions
Sample type | Bias and Sample matrix components like DNA, Evaluate whether a sample treatment is
and matrix | precision protein, or salts could impact the 10 8 20 required for a set of representative
precision and bias samples from DSP and USP
Detection LOD and LOQ If the wrong detection wavelength is Evaluate and select a wavelength that
wavelength selected, this could result in low or no 10 3 30 allows for adenovirus detection and

S/N values.

guantification




Critical method parameters
with highest risk:
e Capillary type

* Capillary coating
» Buffer type
e Buffer pH

\ J

Y
Focus of method development




Our AQbD approach - Method development
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Method development — initial results

Capillary electrophoresis results

Adenovirus
Type 35
Chloride Sample 3:
Cell debris, host cell DNA and protein
Internal HEPES Adenovirus
standard Type 26
B N\ Sample 2:
N_J Adenovirus High salt concentrations (up to 1 M)
WG Sample 1:
Purified product
2 6 10 14 min

van Tricht et al. Talanta (2017), Volume 166 (Pages 8—14)

Conditions: BGE tris 200 mM - 200mM tricine, pH 8.1; -15kV; neutral coated
capillary 33 cm, 50 um ID; injection: 50 mbar x 5 s; detection: 214 nm
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Development - adsorption

The following conditions did not The following conditions did prevent
prevent or reverse adsorption: or reverse adsorption:
e BGE: 100:100 mM tris:tricine, pH * BGE: 125:375 mM tris:tricine,

&)

@

8.3 = pH 7.6
e (Cassette temperature: 25 °C * (Cassette temperature: 15 °C
* Flushing agent: BGE, milli-Q, SDS, * Flushing agent: 2 min flush with

or 2-mercaptoethanol 10 mM phosphoric acid
e Additives: triton or SDS * Additive: Tween20: 0.2% v/v

Adenovirus Adenovirus
i
\ J: _— h l
| ‘ Adenvirus | ! " Adenovirus
i i
'\ R 3. A
. e ﬁ// TN ~' B —
p— _"x(\ 1‘.. ! iy J‘ o M
2 6 10 14 min 2 6 10 14min
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Design of experiments (DoE)

OFAT (one factor at a time)
e Trial and error/success
* Change one thing at the time

e Better or worse?
* Change a bit more

* Interactions between method
parameters cannot be estimated

Optimal settings can only be found
with luck

A

Method parameter 2

v

Method parameter 1

DoE Multivariate approach
e Structured

Systematic
e Planned

Interaction of method parameters
can be identified and quantified

Find the real optimal settings and
information of design space

(&>

Method parameter 1

Method parameter 2

v



Optimization DOE

Method parameters tested: Electropherogram at selected
* Voltage: -15, -20, -25, -30 kV optimum conditions:

* Tris: 50, 125, 200 mM z, Adenovirus

* Tricine: 250, 325, 400 mM £ HEPES

e Short-end and Long-end of capillary
(24.5 cm and 8.5 cm effective length)

400

/ Resolution R Resolution
\S/N ‘-‘ .
" ' 1 2 3 min
350 / ‘
g / SIN
o .
B Black cross marker: Selected conditions
5 300 =~ ‘v.‘ - -
= - ' Red contour: Min. resolution of 2.5
0 Green contour: Min. Signal-to-noise ratio of 150
250 _ - — Blue contour: Max. run time of 6 min
50 125 200

. TRIS [C]
© Kantisto van Tricht et al. Talanta (2017), Volume 166 (Pages 8—14)
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Method development — final results
Process steps Samples Adenovirus
Upstream

Chloride Jt
Cell growth and
processing (USP) ERYUI{EN{: I|cat|on

Cell Iy5|s > Lysed harvest Jt J
Release of virus (LH)
L5
HEPES

Down stream
processing (DSP)

Clarified
harvest (CH)

Clarification and
DNA precipitation

Anion exchange > Anion-exchange o
chromatography product (AEX)
LA

Diafiltration and Diafiltration

=

uItrafiItration product (DF)

RERG
Bl

Final product BN Drug substance .
(DS) ‘: V I

van Tricht et al. Talanta (2017), Volume 166 (Pages 8-14) / U.S. Patent Application No. 15/552,069 0 1 2 3 min
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We are done! Method is developed!

As CE was a new technology, implementation and life-cycle management
took 30 — 40% of the total time

@ Kantisto



Our AQbD approach - Control strategy

Analytical Critical

Technologies
Target . Method
Profile Selection Parameters Development Strategy

S Implementation Performance 25D 6

Improve

Establish

S

Control

Controls,

Define it
SSC, SST

Mitigations ‘ Describe it
Control it

@ Kantisto



How to get into control over each method parameter?

Three ways to mitigate and reduce the risk for your critical method parameters:

: Provide a step-by-step Implement a verification
Set a fixed value or , _ _
procedure for executing a mechanism to monitor a
range for a parameter
parameter parameter

Use an adenovirus
control sample at

Mix the sample by
pipetting up and

down 5 times with a
100 pl pipette.

1-10"" VP/mL to verify
accuracy (85 — 115%).

This control strategy is based on experiments, theory, literature,
and common knowledge.

VP/mL = virus particles per milliliter

@ Kantisto



Risk management

1 2

3a

Quantify the risk Proposed Experiments

Cause and Effect (impact)

[

Risk score before mitigation
CcMP ATP requirement |Possible cause Effect Probability Score Proposed experiments
affected and effect (impact) (1-10) (chance) (before
(1-10) mitigation)
Capillary Bias and precision |Virus adsorption to the Test multiple capillaries
coating capillary wall could impact and coatings and select
. L 10 8 80 . . .
bias and precision capillary + coating with
good virus recovery
Separation Bias A pH that is too low or too Find the optimal pH
Buffer pH high could cause virus 10 8 80 range for adenovirus
degradation stability
BGE Bias and precision |Inadequate BGE Screening of BGE and
composition composition could cause capillaries
the matrix components or
adenovirus to adsorb, 10 8 80 Screening to reduce
precipitate, or aggregate adsorption
and cause an inaccurate
and imprecise results Optimize conditions
Sample type |Bias and precision [Sample matrix components Evaluate whether a
and matrix like DNA, protein, or salts sample treatment is
could impact the precision 10 3 30 required for a set of
and bias representative samples
from DSP and USP
Detection LOD and LOQ, If the wrong detection Evaluate and select a
wavelength wavelength is selected, this wavelength that allows
. 10 8 80 . .
could result in low or no for adenovirus detection
S/N values. and quantification




©

Risk management

1

Cause and Effect (impact)

2

Quantify the risk

Risk score before mitigation

3a

Proposed

Experiments

3b

Mitigations
(define, describe,
control)

[

A

Reassess the risk

CMP ATP requirement |Possible cause Effect Probability Score Proposed experiments Mitigations
affected and effect (impact) (1-10) (chance) (before (define it, describe it, control it)
(1-10) mitigation)
Capillary Bias and precision |Virus adsorption to the Test multiple capillaries |A PVA coated capillary was selected to
coating capillary wall could impact and coatings and select |prevent adsorption of the adenovirus.
. L 10 8 80 . . . . . e 10 3 30
bias and precision capillary + coating with |Optimized capillary conditioning in
good virus recovery between injections.
Separation Bias A pH that is too low or too Find the optimal pH The optimal pH range was
Buffer pH high could cause virus 10 8 80 range for adenovirus determined as pH 6.0 - 8.5. 10 1 10
degradation stability
BGE Bias and precision |Inadequate BGE Screening of BGE and Use tris/tricine buffer. Add PS-20 to
composition composition could cause capillaries BGE. Set BGE to 125 mM tris and 338
the matrix components or mM tricine and 0.2% w/v PS-20.
adenovirus to adsorb, 10 8 80 Screening to reduce Introduce an adenovirus control 10 1 10
precipitate, or aggregate adsorption sample to monitor accuracy and
and cause an inaccurate precision
and imprecise results Optimize conditions
Sample type |Bias and precision [Sample matrix components Evaluate whether a A sample treatment was
and matrix like DNA, protein, or salts sample treatment is implemented for USP samples to
could _impact the precision 10 3 30 required for_a set of remo\.fe residual DNA. _The precision 10 3 30
and bias representative samples |and bias were determined and
from DSP and USP acceptable for three representative
samples: CH, AEX, and DS
Detection LOD and LOQ If the wrong detection Evaluate and select a A wavelength of 214 nm was selected
wavelength wavelength i.s selected, this 10 3 30 wavelengt}tn that aIIou:rs to analyze adenovirus. 10 1 10
could result in low or no for adenovirus detection
S/N values. and quantification




All critical method parameters are known and in control

All the knowledge is and and




<

System suitability test
Test Rationale Criteria
FFill capillary with BGE r Check the BGE preparation and capillary Current: 40 — 60 pA
li , block
and apply voltage a2y o pecatt)
Test injection Negative triangular chloride peak between 0.4-0.7
2 Injections: blank Check for system contamination min

Signal < 0.45 mAU between 1.0-3.5 min

at1x10" vp/ml

6 injections: adenovirus SSC :

Confirm precision and bias
Check for capillary coating quality
(absence of adenovirus adsorption)

Adenovirus peak (with a UV spectrum match >950)
between 1.8-2.5 min

Adenovirus concentration: 0.85-1.15 x 10** vp/ml
Migration time repeatability: <1%RSD

Peak area repeatability: <5%RSD

1 injection: blank
1

Check for carry-over

Negative triangular chloride peak between 0.4-0.7
min
Signal < 0.45 mAU between 1.0 and 3.5 min

1 injection: Calibrant
at 7.3 x 10 vp/ml

Used to determine the concentration of
the SSC and samples (if the SST passed)

Adenovirus peak (with a UV spectrum match >950)
between 1.8-2.5 min

.

v

Sample analysis

System suitability test — passed

v

Troubleshooting

System suitability test — failed

v

System suitability testing based on ATP requirements

A very stringent SST - checking all the critical aspects of the analytical method

Check if the capillary is
properly cut,
undamaged, and intact.

The adenovirus

—— concentration should be
1-101'VP/mL + 15%
(based on expected total
error)

samples

Calibrant (as assay control)
analyzed after every 5

@ Kantisto

method is confirmed

— After every 5 sample injections, the total error of the

van Tricht & Sanger-van de Griend, Electrophoresis, 2025; 46:933-953
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Our AQbD approach - Implementation

Train

O3
=)
Weeeo
[alalal

Transfer

Analytical Critical

Technologies
Target . Method
Profile Selection Parameters Development Strategy

S Implementation Performance 25D 6
Improve

The
analytical Training and Troubleshooting

procedure transfer and support
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Method implementation

The analytical Knowledge transfer

Method comparison

procedure and training
Write the analytical Risk assessment contains Is the historical data still comparable?
procedure as precisely as all critical knowledge L 122
possible, covering all - e O 120
critical details U s
o 11.6
Standard Operating Procedure ‘e
Capillary Electrophoresis Method for Direct - 'L:) 114
Quantification of Intact Adenovirus Particles 3 ii5
Version: 1.0 ;
Document number : CAL-CE-005 .o . e 11.0
Method specific training 3
Page 1 of 7 . 10.8
PURPOSE + theoretlcal d nd 10.8 11.0 11.2 114 11.6 11.8 12.0 12.2
This procedure describes the CE method for teCh n0|0gy tra|n|ng Established technique - qPCR
rapid, robust and accurate determination of
intact adenovirus particles in USP and DSP o - Pressais bnsnnediats
samples. —_ + and final product
© ® 1.Crude harvest
Focus on: |’ P ¢ 2.Lysed harvest
A 3. Cla.rlfled harvest
g i e
g B 6. Drug substance
6 Kantisto

van Tricht & Sénger-van de Griend, Electrophoresis, 2025; 46:933-953
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Our AQbD approach - Performance

Critical

Method Control Use &

Vechnologies Implementation Performance
Improve

Selection Development Strategy

Parameters

Validate

[of] Validation Best Validation
Q2(R2) |characteristics | practices design
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Method validation — total error

Method succesfully co-validated Total error approach
between AD and QC departments

Total error = accuracy error + precision error

Validation Acceptance criteria Total error profile
parameter

2% | Predicted total error for future results

Method <10% CV 1.1- Q
repeatability 4.3% CV &; i:: /\
Intermediate <10% CV 1.3- g 5% | Actuiltotal error "
precision 5.2% CV g o% | Based on validation : e
Linearity 90% Cl of slope 0.93 - E 1:: /o//\'
between 0.9 and 1.1 0.99 @
m 15% A
m 20%
Accuracy 90-110% 91 -
spiked recover ) 109% 25610  S.OE10  7.5€10  1.0E11 1.25€11  15E11 L7SE1l  2.0E11
(sp y
Range 0.5-10't0 1.5-10'  Pass Concentration
adenovirus particles \ Y J
per ml

: | How well will the method perform in the future

| .
How well was my method performing A maximum total error of 15%
in that validation experiment

© Kantisto van Tricht et al, Electrophoresis 2019: 40, 2277-2284 van Tricht & Sdnger-van de Griend, Electrophoresis, 2025; 46:933-953
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Our AQbD approach - Use & Improve

Iad

Improve

. Critical
Technologies Method

Selection Parameters Development Strategy

Sl Implementation Performance 25D 6
Improve

Trending
and
monitoring

Reflect Issue | Improve method and
on ATP logging retrain operators
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Use and Improve

Summary of request Priority | Targets and ranges
Phase Product qualiy attributa irys partile concentration setermination fin ve/mi]
o 1 2 3 4 5 6 7 s Ciinical phase Phase |- commercal ]
1 production d product | 2) An accurate adenowirus amount should be loaded upan the AEX-
e, accurate, obut, degradat filtes, o aveid filtes blockage, excessive viral dilution, and impurity
B sensitive, and a high-throughput method s needed foe the | break heough and to avaid product degradation wiist lesting, a
Adenovirus (i) o] i o 06T B BRSPS, S, S, ot 1 s et o s
. 05, and DP. quantiation i required fon in process contrel testing (IPC).
g
= 8 . .
Chloride E = Product description andfor procass step 1| Crude harvest, Lysed harvest, Clarifed harvest 17c), Anion exchangs product, Disfiftration product, Drug substance, Drug product
= g
3 Aanalyee(s) 1 “Adenvies type 262 25
° “The matrix could contain dell derbis, residual DNA, salt, protein and of formulation biffer components dependent o the process.
< intermediate
%
E e Concentration range(s) 3 10410 102 VB/ml
e i Requester requirements Time-to-resuit z <2 days for process development (1], < 4 h far IBC testing {2)
§ Type of test Content / patency
g Requirsd validarion starus Qualfied
> H Specificty Detection of A26 and Ad35 without signiicant interference of samgle matr companents
& LTSy # 140" - 110" wpjmil
. S icHOzcharactaristis Accuracy 3 | s1osbins
= Pracision /
- 2 | intermediate presison <10 RSt
500 1000 1500
£ | Enduser Quality control
] 1 sample per run for IPC testing, > 7 samphes per process

Countaf lsue S ok HOT e cf Dementime:
4 Reccurrence Hands on time (min) Downtime (h)
8 15

What happens most often? What do operators spend most time on? What prevents us most from delivering?
Count of lssue Sum of HOT S of Downtime:
Watery . .
waery FECCUrENCE vy Hands on time (min) e Down time (h) :,'m;::--
caffoe <offes 1 " e
we Y
o

\

¢ o
‘spited.
-
%
milk No.
=) ”’

Issue logging Method improvement and retraining

43
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Improved technique: Capillary Electrophoresis

Bioreactor used Capillary
for production of electrophoresis
vaccines instrument

The CE instrument was installed next to the bioreactor.
The virus particle concentration could be determined
at any time during the production within 1 hour
(previously 3 days)

@ Kantisto
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Statistics (after 3 years)

20 operators

8 instruments

2 software packages
7 application

5 investigations

15000 samples ﬂ
6 locations @

2 invalids 0\

500 S saved per analysis %
3 h instead of 3 days




RIGHT METHOD FOR
PURPOSE

* Only develop

methods with clear

L IEN
 Handshake with

requester

@ Kantisto

* Everyone uses

What does AQbD mean to me?

STRUCTURE CONTROL

e Sources of variation
are understood

* Critical method

captured, parameters are

re-usable and known and under

shareable / control

same approach
Knowledge is




Our approach for platform development

Platform Prior knowledge & No
gaps
New product Pa:atfﬁzgnbf;P technology still risk management >
PP ' appropriate? sufficient? Mino'r gaps

No No Major gaps

/ — Limited !
Product specific method development experiments

feasible?

Critical
Method
Parameters

Control

Foariih ' Control
strategy still
valid?

Method
Development

Option 1 Option 2

Update Create specific
analytical analytical
procedure procedure

validation

@ Kantisto



Our Phase-dependent AQbD-approach

Critical

Technologies Use &

@ Kantisto

Selection

Method
Parameters

Identify obvious

Development

Implementation

Performance

Improve

Enable rapid High-level, fit-for- Pragmatl'c, spfeed- high-impact Limited DoE or Basic SST and Informal, flexible Verification / Learn fast and
Early phase development and availability- . -
. purpose targets . parameters; small screens checks updates partial validation adapt
decisions driven R
qualitative risks
Robust Full mappin Structured DoE Lifecycle
Late phase ’ Fully defined, Risk-based, fully .|:?p .g, ! Comprehensive Formal SOPs, Full Q2(R2) management &
(full AQbD) regulatory- justified ATP justified formal criticality & - robustness & APCS training, GMP validation continuous
ull AQ compliant QC J J risk management interactions = .
improvement
. Reuse platform - .
Platform ;
. AS.SeSS. platform Use platfc?rm S Verity ple?tform risk assessment; AL LIt R s Update procedure  Co-qualification Monitor within
analytical suitability for new confirm remains wet-lab controls; gap . .
L . perform gap . for product (send/receive) platform lifecycle
procedures product applicability appropriate experiments assessment
assessment
Troubleshooting Restore fitness- Define or clarify Usually flxed'; Focus on Targeted root- ARSI Controlled Re-validation M_onltor
. change only if parameters linked cause controls to . effectiveness of
legacy method  for-purpose ATP from failures . . . . . changes where impacted .
required to issues experiments mitigate failures fixes
outsourced . . . . . e . . . . .
/ Ensure internal &  Confirm or derive  Review suitability Review data; . Brld.glng or Assess adequacy Method transfer Verification or Ongoing
external regulatory ATP from of chosen perform gap & risk confirmatory of proposed . . . . governance &
o . . & implementation bridging validation .
method suitability intended use technology assessment studies controls monitoring
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o Oligonucleotides are analyzed using
acidic pH gel-free capillary zone
electrophoresis.

e High resolution separations of same

length oligonucleotides based on nucle- GG‘XG‘CG“GCM %
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obase pKa. ¥ AC=35% _— i | ‘
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