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What makes GT analytical package unique?
1) Product is NOT the API

-
« Unprecedented complexity... _l_ T
Mabs = ~20k atoms rAAV= > 190 atoms

« Raises new questions...

%RP = ED5075/ED505,4*100

Assay response
Proprietary and Confidential Property of UCB

Log concentration

Is my input « How much viral Is my rAAV product Is my rAAV product Is the produced therapeutic
(plasmid DNA) particles in my infectious? producing the API? compound biologically
of good quality? product? active?

« Are they full,

| _ partially filled or
Vl+:] Inspired by patients.

"% Driven by science. ~ €MPLY? ... that require additional tools in the analytical package .



What makes GT analytical package unique?

2) Batch size is different

Typical batch size: GT <! mAbs 3
A iy L
GT batch size mAbs batch size
(~500mL) (~20L)

Sample volume for in-process testing, DS & DP release/stability: QC GT = QC mADS (e.g.; bs rekease ~15mL)

... proportionally impact on batch yield is multiplied

r"Ph Inspired by patients.
AL [ 4 Driven by science.

QC impact on
mAbs batch yield

QCimpact on GT
batch vyield

Proprietary and Confidential Property of UCB

3



Mitigation strategies to limit QC/stability impact on batch yield
= More product to treat more patients!

Biophorum ATMP Workstream Biophorum Position Paper

ADVANCED THERAPY MEDICINAL PRODUCTS

(ATMP)

Formed in 2018, the ATMP The business of cell, gene and RNA O Cell therapy (+/- gene modified) O Development

Phorum supports the quest for better and therapies is as diverse as the patients idati
faster development of Cell, Gene (in vivo & which it serves and for that there is no O M gens tinkapy: O ATyUcEE Assay val 2

ex vivo) and RNA therapies. one size fits all solution. O RNA O CommercialReadiness & CMC

/§'BioPhorum

In this collaboration, we connect drug anwmogy
development and contract manufacturing There are now yp

organizations with the aim of ensuring () EHS & Biosatety
harmonization and alignment around many = High Level Workstreams allowing

issues, These include potency assays, opportunities for quick topic discussion Ommnﬂm
phase-appropriate guidance for critical across the Industry

quality  attributes,  operator  safely,

regulatory guidelines, and ATMP specific « In-Depth Workstreams which wil focus
validation issues, as well as working on a specific focused topic working
towards resolving the cument challenges towards a defined deliverable.

to commercializing ATMP products. = Currently 14 in-depth workstreams

COMMERCIALIZATION

Minimizing the impact of
stability testing on gene
therapy batch yield

Nicholena Nesbitt
Simon Walker
Steven Wall

Jadranka Koehn

Markus Haindl*
Ho-Young Lee (formerly Roche)
Karin Schoenhammer

Yan Zhi (formerly Spirovant Sciences, Inc.)

Karen Reissfelder

CONNECT
COLLABORATE
ACCELERATE™

If you want to find out more about BioPhorum, feel free to contact Simon Walker’s

(simon.walker@biophorum.com), Steven Wall’s (Steven.Wall@biophorum.com) or >
Rich Harrison’s (Rich.Harrison@biophorum.com) and to visit Biophorum LinkedIn page =

Position paper released the 5th of July 2023!

VIPH Inspired by patients.
AL [ 4 Driven by science.
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https://www.linkedin.com/showcase/advanced-therapy-medicinal-products/
https://www.biophorum.com/download/minimizing-the-impact-of-stability-testing-on-gene-therapy-batch-yield/

Mitigation strategies to limit QC/stability impact on batch yield

= More product to treat more patients!

Supportive Studies e.g., freeze/thaw, intermediate storage condition
« Use representative non-GMP material such as pilot or engineering batches

Sample Volumes
* Pooling strategy
« Multiple assays share the same container (e.g., appearance, pH, osmolality)
« Concurrent testing scheduling
« Limit the number of testing sites
« Streamline the overages

« Use a % of the total number of containers for duration of study as opposed to for each
assay/timepoint

» Use of scaled down model for Drug Substance containers
» Limit the excess volume that would not be needed to complete the testing at each stability timepoint

Vo Inspired by patients. _ L . N ) ,
L4 Driven by science. Adapted from BioPhorum. Minimizing the impact of stabilty testing on gene therapy batch yied. (2023)
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Mitigation strategies to limit QC/stability impact on batch yield
= More product to treat more patients!

Study Protocol

* Length of DS stability studies should be limited to the time required prior to DP fill rather than
set at an arbitrary number of years

« Attributes unlikely to change in the short term tested annually, not at every timepoint
* Where applicable, reduce the number of time points and temperatures evaluated

Analytical Methods

« Streamline stability package
* |dentify & limit assessment to stability indicating assays

* Focus on high sample consuming items

« Support Pharmacopeias in adapting current compendial methods to GT specificities & constraints
(e.g., sub-vis particles, bioburden, sterility, ...)

» Use surrogate approaches not consuming product (e.g., CCIT performed annually on “surrogate
vials” in lieu of sterility)

» Consider/switch to low sample volume technologies

VI+:] Inspired by patients.
A

"4 Driven by science. Adapted from BioPhorum. Minimizing the impact of stabilty testing on gene therapy batch yield. (2023) Blophorum 6



Mitigation strategies to limit QC/stability impact on batch yield

Impact on a model rAAV stability study

Storage conditions (°C)
<-60

-15to0 -25

2to 8

Total volume requirements
% batch yield

Storage conditions (°C)
<-60
-15to0 -25
2t08

Total volume requirements
Savings

(optimizedvs. baseline)
Re-calculated % batch yield

[vs baseline %]

VIPH Inspired by patients.
AL [ 4 Driven by science.

Baseline protocol

GMP batch
DS DP
Stability time points
1, 3, 6,9,12,18, 24, 36 months 1,3,6,9, 12, 18, 24, 36 months

1, 2, 3 months 1, 2, 3 months

N/A 1, 2, 4 weeks

81.9mL 412 vials
33% 82%

~2-fold reduction

Optimized protocol

GMP batch
DS DP
Stability time points
3, 6, 9,12 months 3,6,9, 12, 18, 24, 36 months
1, 2, 3 months N/A
N/A 1,2, 4 weeks
38.5mL 190 Vials
43.4mL 222 Vials
15% 38%
[vs baseline 33%] [vs baseline 82%]

Adapted from BioPhorum. Minimizing the impact of stabilty testing on gene therapy batch yied. (2023)

BioPhorum working group
recommends that organizations
discuss these approaches internally
and with regulatory agencies to
collaboratively identify efficient
pathways for the development of
CGTs.

BioPhorum 7



Low sample volume technology: capsid distribution

What does capsid distribution mean?

DNA Containing Capsids

\

ER

‘r
Oversized Full Capsids Partially-filled Empty
Capsids Capsids Capsids

Encapsidated Correct Packaging of No DNA
DNAis larger  transgene partial transgene packaging
than 1 copy packaging or unwanted
of the correct packaged DNA

transgene (host cells, plasmids, ...)

The impact/clinical outcome of partially filled & empty capsids is unclear
=» Having good « sensors » to analyze capsid distribution is a key driver!

Capsid distribution assessment is part of the stability indicating package
=» Having low sample volume technology would have a significant impact on the batch yield

r ] Inspired by patients. AAV Empty Capsids: For Better or for Worse?, Mokecular Therapy, 2014
L'+:J Driven by science. Gimpel et al. Mokecular Therapy, Methods and Cinical Development, Vol 20, March 2021
PHC White P. {Jan 2023) b tati il Apri 2023
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https://darkhorseconsultinggroup.com/wp-content/uploads/2023/01/Beyond-Empty-and-Full-Understanding-Heterogeneity-in-rAAV-Products-and-Impurities-to-publish-online-1-13-2023.pdf

What are the most popular capsid distribution
analytical tools?

Industry benchmark from the Biophorum “Full/Empty sub-team” (n = 20 respondents)

AUC

Vg/capsid titer
ratio SEC-MALS
(PCR/ELISA)

- @
4 « B

7
( )
1

TEM

Popularity pocium 9/20

Most popular does not necessarily mean most appropriate technique for all

applications

VI+:] Inspired by patients.
AL [ 4 Driven by science.
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Most popular approaches: pro/cons

Vg/capsid titer ratio
Characteristics (PCR/ELISA)

Throughput

Ease of implementation
Ease of Analysis

GMP QC readiness

Sample volume
requirements

Sample conc./purity
requirements

Partially filled capsid
characterization

Assay performance

AL [ 4 Driven by science.

r"Ph Inspired by patients.

(+) High

(+) Easy (part of the “standard” analytical
package)

(+) simple ratio from Vg and Capsid titer
data

(+) E10 capsids/mL, FFP from clarified
harvest

(--) Can't resolve
partial capsids

(--) Combined variabiity of two methods

Proprietary and Confidential Property of UCB
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Most popular approaches: pro/cons

Vg/capsid titer ratio * 3k
Characteristics (PCR/ELISA) TEM

(-) requires sample
staining and is low
throughput

Throughput (+) High ("%:m';?ed(zg' r/n(t;:; o (+) High (12 samples per day)
. . (+) Easy (part of the “standard” analytical (--): specialzed equipment, (-) specialzed equipment,
Ease of implementation package) specific skilset specific skilset
Ease of Analysis (SPERIEE fr(é?t;/ el G e I (--) complex data treatment (-) complex data treatment

GMP QC readiness

Sample volume
requirements

Sample conc./purity (+) E10 capsids/mL, FFP from clarified (-) E12/13 capsids/mL, FFP from (-) E12 capsids/mL, FFP from
requirements harvest affintty step affinity step
Partially filled capsid (-) Can't resolve (-) Can't resolve
characterization partial capsids partial capsids
(+) Limited variabiity but result
Assay performance (--) Combined variabiity of two methods depends on an appropriate

extinction coefficient (€)

No 1-size-fits-all type of assay...

(--) Software 21CFR part 11
compliant module NOT available

(--) specialzed equipment,
specific skilset
(-) image analysis is
chalenging**

(--) Software 21CFR part 11
compliant module NOT available

Not described**, cell debris can
interfere with results

(--) Can't resolve
partial capsids

() small sample size can impact
statistical significance and
accuracy

e.g., AUC = excellent characterization tools but less suitable for QC GMP release / SEC-MALS = excellent QC GMP tool but not

able to resolve partial capsids

G

rl+:] Inspired by patients.  ** Assessment adapted from Werle, et. al., “Comparison of Analytical Techniques to Quantitate the Capsid Content of Adeno-Associated Viral Vectors” (2021) and
4 Driven by science. Gimpel, et. al., “Analytical methods for process and product characterization of recombinant adeno-associated virus-based gene therapies” (2021).

Proprietary and Confidential Property of UCB
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Emerging technology: Mass Photometry

Principle: weighting molecule with light

3 Molecules in solution The ||ght ScatterEd by a
* L’ . lecule that has landed
| L B molecule that has landed on a
Incidelnt light ™~ Scatte red light Reﬂec\j,ed light measurement Surface
: | interferes with light reflected by
- ’ that surface. The interference
. signal is quantitated and scales
linearly with mass.

Molecules in solution .
You shine light on molecules MP signal
The strength of the shadow is correlated

with the mass of the molecule

RNEHES

120

Mass photometry can be applied for the
characterization of full, partially filled and §_
empty capsids as it measures the mass of
individual AAV particles in solution

VI_P Inspired by patlents Retem_l\_’lass_pho_tQm_ej:el:
AL [ 4 Driven by science. ecule
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https://www.refeyn.com/samuxmp-mass-photometer
https://www.youtube.com/watch?v=gEiB5NFhJ-4

Emerging technology: Mass Photometry

Liquid handling
system

SamuxmP reader

24 sample well
cassettes (24

measurementsin~90 min)

VI+:] Inspired by patients.

AL [ 4 Driven by science.
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Counts

Mass Photometry preliminary results

Objective: Assess method performance on « control samples » (on 1 serotype at this stage)

32

24 A

Counts

16

200 -

150

100 A

50 1

Affinity load (AEX load)

78

N =\

a"t s‘@#
Empty: 677 (48.9%)
Partial: 144 (10.4%)
Full: 236 (17.1%)
Overfull: 325 (23.5%)
Ambiguous: 1 (0.1%)

2400 3000 3600 4200 4800 5400 6000 6600 7200
Mass [kDa]

Partial capsids (AEX fraction)

Empty: 4144 (77.9%)
Partial: 655 (12.3%)
Full: 357 (6.7%)
Overfull: 161 (3.1%)
Ambiguous: 1 (0.0%)

3000 4500 6000 7500
Mass [kDa]

Average Mass:

Empty AAV= ~3.7 MDa
Full AAV = ~5.2 MDa

Empty 78%
Partial 12%
Full 7%
Overfull: 3%

Counts

Counts

120
90 A
60 1

30 1

| Empty: 2016 (89.7%)

1 Overfull: 80 (3.5%)
1 Ambiguous: 0 (0.0%)

45 1

15 A1

Empty capsids (AEX fraction)

Partial: 101 (4.5%)
Full: 51 (2.3%)

3000 4500 6000
Mass [kDa]

Full capsids (AEX eluate)

Empty: 43 (5.6%)
Partial: 54 (7.1%)
Full: 607 (79.3%)
Overfull: 61 (8.0%)
Ambiguous: 0 (0.0%)

2400 3000 3600 4200 4800 5400 6000

Mass [kDa]

6600

RELININAR

Empty 90%
Partial 5%
Full 2%
Overfull: 4%

7500

7200

Empty 6%
Partial7%
Full 79%
Overfull: 8%

Proprietary and Confidential Property of UCB

14



Relative Fractional
Abundance (%)

Method optimization m

Impact of the capsid load (from 1 to 7 E+11 Vp/mL) on the result (n=4)

Empty capsids (AEX fraction) Partial capsids (AEX fraction) Full capsids (AEX eluate)
1007 | eeccccieceenieens . ettt it e,
100 s s o - e Empty : e Empty 100 : : e Empty
: { e Partial EP : E ¢ { e Partial T 80d: : e Partial
: S : . 5%
: Full = : . Full =< Full m
: 88 1¢ : g8 607 =
50 : o Overfull g2 50 : o Overful £e o Overful 2
: 28 ] 2 o >
: %3 &3 5
: g I £ 204 S
° ° . 5 [ ] B 4 § fo) o &
0 ... '8' 1 0—o T ° < T L 1 0 e T § ¢ T — T . 1 2
2 . 4 . 6 8 2 """" 4 """" 6 8 e 2 ........ 4 ........ 6 8 é
oncentration Concentration Concentration €
E+11 VP/mL E+11 VP/mL E+11 VP/mL 8
©
- c
- Consistent results observed across 2.5 — 5 E+11 Vp/mL °
g
. . . 5
Preliminary precision (n=4) at 2 capsid load S

Capsid load Good level of precision for the

Sample type 3.5E+11 (Vp/mL) S5E+11 (Vp/mL) e o
%Average % CV 9%Average %CV quarc]gﬂg%tslorl]vlgi ef Li/”a Sigcblilim Pty
Empty capsids (AEX fraction) 94.7% 2.3% 91.9% 2.1% b P g f- th antificg[tion
Partial capsids (AEX fraction) 11.9% 15.6% 10.4% | 31.5%  ODPSErve ‘ ort ?qu _
Full capsids (AEX eluate) 82.0% 1.7% 79.5%  0.4% of partial capsids

VI+:] Inspired by patients.
AL [ 4 Driven by science. 15



Mass Photometry vs AUC & SEC-MALS

Characteristics

Sample volume

oo

100 to 500pl/sample

SEC-MALS

100ul/sample

Mass Photometry (MP)

10pl/sample

Throughput

4 samples per day

~ 12 samples per day

Up to 42 samples per day (based on 3
runs per day using automated robot)

Time to result

Slow (equilibration step required,
complex data treatment)

Slow (equilibration and
chromatographic step
required, data integration)

Fast (virtually no sample prep, quick
data analysis)

Ease of implementation

+ Specific technology
» High expertise for data analysis
+ Low transferability

Specific technology
High expertise for data
analysis

Moderate transferability

+ Specific technology
« Data analysis with limited expertise
+ High transferabilty

GMP QC readiness

Not 21CFR part 11 compliant

21CFR part 11 compliant

21CFR part 11 compliant
software released in 2023 and being
tested now

Partially filed capsid
characterization

Quantitative measurement of partial
capsids

Quantifies DNA containing
capsids (can't distinguish
partial/ful capsids)

Qualitative view on partial capsids

r"Ph Inspired by patients.
AL [ 4 Driven by science.

Proprietary and Confidential Property of UCB
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https://www.pharmacopoeia.com/file/Consultation-document---Characterisation-of-the-particle-population-in-AAV-products.pdf

Mass Photometry vs AUC & SEC-MALS

Characteristics

Sample volume

100 to 500pl/sample

SEC-MALS
100ul/sample

Mass Photometry (MP)
10pl/sample

Throughput

4 samples per day

~ 12 samples per day

Up to 42 samples per day (based on 3
runs per day using automated robot)

Time to result

Slow (equilibration step required,
complex data treatment)

Slow (equilbration and
chromatographic step required,
data integration)

Fast (virtually no sample prep, quick

data analysis)

Ease of implementation

+ Specific technology
« High expertise for data analysis
» Low transferability

 Specific technology
« High expertise for data

analysis

* Moderate transferability

+ Specific technology

« Data analysis with limited expertise

 High transferabiity

GMP QC readiness

Not 21CFR part 11 compliant

21CFR part 11 compliant

21CFR part 11 compliant
software released in 2023 and being
tested now

MP improvement

10-50X less volume

3-10X higher throughput

Faster time to result

Easy data analysis and
transferability

Currently, advantage to SEC-
MALS in terms of data
integrity but might be

comparable based on the
outcome of the on-going data
integrity assessment

Partialy filed capsid
characterization

Quantitative measurement of partial
capsids

Quantifies DNA containing
capsids (can't distinguish
partial/full capsids)

Qualitative view on partial capsids

Qualitative view on partial
capsids due to mass range
acquisition of current MP
systems

G

VI+:] Inspired by patients.
4 Driven by science.

RSN NN\ N

Proprietary and Confidential Property of UCB

17


https://www.pharmacopoeia.com/file/Consultation-document---Characterisation-of-the-particle-population-in-AAV-products.pdf

Mass Photometry : Next steps

« Comparison MP/SEC-MALS and AUC

 Considering technology limitations (e.g. SEC-MALS measuring total DNA containing
capsids)

 In-depth assessment of method Precision/Accuracy
including:

« # capsid serotypes
« ¥ process steps

VI+:] Inspired by patients.
AL [ 4 Driven by science.

Proprietary and Confidential Property of UCB
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Take Home Message

« QC impact on GT batch yield is HIGH

« Our goal: Deploy mitigation strategies to provide more product to treat
more patients

« Implement strategies to streamline stability design & adapt sample
consuming compendial test to GT CMC constraints

« Mass photometry is a promising low sample volume technology to study
rAAV capsid distribution that contributes reducing sample impact on
batch yield

VI+:] Inspired by patients.
AL [ 4 Driven by science.

Proprietary and Confidential Property of UCB
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Special thanks!

VIPH Inspired by patients.
AL [ 4 Driven by science.

Wallonie

BioPhorum

Proprietary and Confidential Property of UCB
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