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Platform Process for Lentiviral Vector Manufacturing
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Platform Development History and Current Applications

- — — — -

elevatebig| ARebustand Scalable Platform Process for GMP Manufacturing of Lentiviral Vectors o b | ~ Platform development history has been shared
in multiple CGT events, including ASGCT 2022.

Josh Sorafine, D: Mike Paglia, Merced d Bojiao Yin

INTRODUCTION RESULTS

Lentiviral vectors (LV) are a potent tool in the growing field of cell and gene UPSTREAM DEVELOPMENT DOWNSTREAM DEVELOPMENT
therapy as they enable efficient delivery of genetic material imo cells for [
therapies such as CART and HSC-based gene therapies. With the increasing | | Dok 1: Improving Titer Dok 2: Improving Quality Good Scalability Robust proved Quality from Crud to Final LYY Robust Seale-up from Lab ta Production Scale

number of cinical applications and interest in the field, robust, scalable, and

casteffective platforms for GMP manufacturing of high-quality lentiviral vectors Ifoctious Tise

are urgently needed. L Infectious Titer o — . " R ""-’-_ e . R .

We describe here a welkestablished platform process for LV production based " i "”I""” Ty i 1 =

on transient transfection of serum-free cells grown in suspension. Cell growth P i - Py - i (= g™ I L.

and transfection production parameters were determined using Dot studies to| | & § H Harvest iz 5 i . .

achieve optimal vector yields. The erude LV harvest from upstream aperations " 10 ¥ i i 1 .
shows  high infectious fiter (> 1E7 TU/mi) and a low particle-toinfecious titer " T T . R e a O r m u S e O r a S e C I n I Ca ro ra m S
ratio (< 1000 particles/TU). More importantly, the robustness and scalability of b - & & .
upstream process has been demonstrated in different reactor configurations. Prolnsn . f— ot € o i oA R

(e.g, Ambr® 250, bench-top and pilot scale bioreactors). The downstream unit a0 J— e . . @

operations have been established and optimized for both small and large-scale 2 o= o 2 -

production requirements. The purified and highly concentrated LV final product | | 8 us 2000, H - i i~

shows efficient and potent transduction of T celis and remarkable reduction in| | & \ o < £l - . . o

the host cell protein (HCP), host cell DNA and plasmid DNA impurity content. d Ll !. m [ ] A u to I m m u n e I S e a S e t rl a I - Re Ce

Aiming to provide a robust, scalable and GMP compatible process, this platform . -} = )

also focused on timeline acceleration and seamless transition from FD to GMP -
manufacturing in the following aspects: ability to produce LVs coding for e
diferent genes of inerest (GOI) including CAR/TCR constructs, smployment of
the single-use of raw materials.
and alignment of equipment, protocols, and data cnlleclmn ‘tools between PD
labs and GMP manufacturing suites.

Lentiviral Vector Upstream and Downstream
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phases to help accelerate the timeline when
elevatebia needed.

—— E——— E——— E——— E—— S S S S S SIS S S S S S—— S——

3

e impact on Figuee §. Oplimized Nmbﬂmmd\mmmmmﬂmw”emau » Reduction in the DMA levels at the nuclecse
L 22 ruckoss digedion parameter were cooied in the Snedrd LV process and st i camed fhr <
ofion fime. II! Bt © ¢ rease 1 hCDHEA reduchon 1 the uciense Fecied horsest (NTK) 003 (1,24 logs) digestion step s caried fivoughout the process
ol LV materdl (5.2 logs) compared against the control process. ond into the Final LVV pool

. :
| |
| l
| |
| |
| |
| \
| |
| * Oncology trial, TCR-T cell program ,
| |
| |
| |
| |
| |
| |
I

elevatebi

bASECAmD




© 2025

Lentiviral Vector Upsiream Process Robustness and Scalability
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Addressing common challenges ‘

Addressing common challenges

AMBRTM 250 Upstream scalability in different
bioreactor systems.

Construct to construct variability
(sequence complexity, GOI length,
and promoters, etc.)

.

Upstream LVV Productivity Comparison

.t

LVV Productivity Across Scales
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Ensuring Lentiviral Vector Quality via Effective Downstream Process

Lentiviral Product Comparison
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Consistent Performance Across Constructs and Scales

Production in PD using Multiple GOils PD and GMP Production
TCRI TCR3 Infectious Titer Total TU
31012- 1012+
% é 1015
1010 D 10 =
L_: \'E’ 10 g/ - PD lab scale (2L)*
'g 10°9 § 108 g 1077
g = 3 B Fo pilot scale (25L)
8 106+ g 106 g 105+
2 3 3
= 100 £ 104-] = [ ewmp production scale (25L)
Crude Harvest Final LVV Crude Harvest Final LVV 100 P — ———
u \% I
TCR2 TCR4
— 1012_ — 1012_
— —
£ E 1l e e e o ——— — — — — —— s — — — —
=2 1010 2 1010- . )
% % | > same process, multiple GOIs >> Process Consistency |
2 0] g 0] | usPand DSP |
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Release Panel for Lentiviral Vector Plaiform

Quality Attribute Assay

Titer (TU/mL) Cell-based assay + ddPCR
Strength/ Identity Proviral Sequencing Sequencing (outsourced)
p24 GAG ELISA
Potency Biological activity Product-specific assay (TBD) e _
Particle to Infectivity ratio Calculation
, : | » All release assays are developed
. Residual Plasmid DNA ddPCR e
Impurities : | and qualified.
Residual Human DNA ddPCR
Host Cell Protein (HCP) ELISA \
RCL EOP Cells/Final Product Cell-based assay (outsourced) | > Need to be validated for pre-PPQ .
Adventitious virus Cell-based assay (outsourced) I
Safety Sterility Compendial (outsourced) I
Endotoxin Compendial | > Additional product-specific and
Mycoplasma Compendial (outsourced) | characterization assays will be
Appearance Visual | development as needed in support
Other oH oH | of late-stage activities.
Osmolality Osmolality L — — —
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Clinical-Scale Capacity Based on Real-World Cases

Platform process is used to supply batches for multiple clinical programs

One batch of production
LentiPeak™

300-500M TCR Cells within 7-10 days

Transduced Patient number

S @ Y Cell MOI = 40
C/) (\/ @) U (milﬁo:s) ( ) e Te
50 182 i e o o
K 3 Treatment up
/\ /\*\ to 180 patients*

Calculations:
N Number of cells x MOI= TU needed per patient
elevatenia TU from batch divided by TU/patient = Number of patients

bAseCAmD“ Total TU from demo batch was 3.72e11 TU (not considering QC test needs) ) 8
180 patients* (a single 25L batch, depending on clinical trial design, level of surface expression and vector construct) Image created by BioRender




Process Validation: A Lifecycle Approach

(QTPP)

v : 5
Identify Critical Quality Attributes (CQAs) GUIdance tor IlldUStry

v

Define Manufacturing Process

Process
Development [

EstablishTarget Praduct Profile (TPP) and Quality Target Product Proﬂ\e]

Process Validatior
Principles and P

EUROPEAN MEDICINES AGENCY
CIENCE MEDIC T OHEALTE

27 Febmary 2034
EMA/CrM O O BT 02 TE201 2 Rt
Comimatiee for Medicinal Products for muman Lse (CHMPF)

Process e e ol e
- - Perform Quality Risk Assessment Inttial Categorization of Parameters
Characterization
+ n OW Guideline on process validation for finished products -
- information and data to be provided in regulatory
T 5 E Perform Process Characterization Experiments (e.g. Dok, multivariate, submissions
= uwvn @ univariate)
. . o
o = un
3 % ED * Draft agread by CHMP / OVMP Quality Working Party 2 February 2012
© g 'E Final Categorization of Parameters Based on Criticality and Establish Fulopeion by CYHFTr metiats i Somptactin 8 feareh 212
A Qo Control Strategy acoptian 5y CHMP e rlease for constation 15 Waren 2012
" End of consultation [deadine for comments) 31 October 3012
Us. Depr:rtm”d =t u‘HuI.ﬂx and Huny R & November 2013
C”meigﬁm}zg: agreed by EWF £3 November 3013
Center for “m-:“. i Adsption by CHMP 18 Decombar 3013
J Nll Adoption by CVMP 15 January 2014
Commercial [ Implement Process Control Strategy ] Cmul(»'ood)klnb{tixﬁnlgl’rxﬁ Date for coming Intn emect & Montns amer publication
Process This puideline repiaces the note fur guidance on rocess valdation (CPMP/QWRIB48/96,
Q |'f’ t' + EMEA/CVMP/598/59) Including annex T - non-standard processes {CPHRAGWRIZS4/03).
ualitication
- - X - ‘ Keywords Process validstion, CONIRUOUS PrOCESS verification, on-going
Facilities, Utilities, and Equipment Qualification process ritical
FDA 2011 acribure, Gfecycke, change control
Step 2 +
[ Process Performance Qualification ] —
Contfinued Process Verfication —
Step 3 [ ]
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Documenting Program-Agnostic Quality Target Product Profile (QTPP)

elevatebia

basecam .

QTPP Category QTPP Element Attribute QTPP Element Target | Guidance Document
Therapeutic .
Indication Product Specific
The LentiPeak™ platform
utilizes HEK 293 host cells
and a four-plasmid transient
Description | transfection- based process to
% generate a LVV product for
B ex-vivo cell therapy
’E applications.
- .Duse Product Specific
i Volume
=
] Dose .
E Regimen Product Specific N/A
Volume per | Comply with the test for
E Vial extractable volume
B | COMAMEr | Sierife AT Closed Vial
E ) designed for cryogenic storage
2 System
Container | o\ o AT Caps fitted to the
Closure vial
Adapter
Formulation | Product Specific
Stability
and Storage | Store frozen for 36 months
Conditions
Bacteria Endotoxin for T 2
. Release Testing < 6.25 EU/mL « FDA (2020)
A Negative for the Presence
= / .
g Mycoplasma of Mycoplasma FDA (2020)
- + Ph.Eur. 5.14
S Sterility No Growth .21 CFR 61012
E‘ Safety Replication Competent
A g Lentivirus on End of No Replication Competent FDA (2020)
g b Production Cells and Crude Lentivirus Detected T
= Harvest Supernatant
o — =
é Viral Adventitious Agents 3}?%‘2'{1;;&0?; ﬂle_Pres;nce N %% ggg
& Container-Closure Integrity N/A N/A
. I Uniquely identify the LVV | . FDA (2023)
Identity | Identification product and distinguish it | . Ph. Fur. 5.14

QTPP Category QTPP Element Attribute QTPP Element Target Guidance Document
from other products in the
facility
pH Compatible with LVV and | * - Eur 5.14
Content Osmolality cell therapy product N %ié (2018)
i « Ph. Eur. 5.14
Appearance stability data . EMA (2018)
< 10 ng/dose for DNA » Ph. Eur. 5 14
amount and below - FDA (2020)
Residual Host-Cell DNA A ; T « FDA (2010)
pproximately 200 bp for
DNA size - ICH Q6B
o « WHO (2013)
+ Ph. Eur. 5.14
Residual HEK293 Host-Cell TED « FDA (2020)
Proteins « EMA (2010)
« EMA (2018)
« Ph. Eur. 5.14
Residual Plasmid DNA TBD :gﬁ%ﬁ%
EMA (2018)
+ Ph. Eur. 5.14
« FDA (2020)
Purity Residual Endonuclease TED « EMA (2010)
« EMA (2018)
« ICH Q6B
TED « Ph. Eur. 5.14
Residual E1A « FDA (2020)
« EMA (2018)
Residual Heparin TBD « FDA (2024)
Chromatography Ligand - FDA (2013)
ST e « FDA (2016)
Co-packaged Unwanted TBD
Genetic Sequences - EMA (2018)
Residual Reagents during TBD « FDA (2020)
Manufacture « Ph. Eur. 5.14
Ratio of Vector-Particle TED « Ph. Eur. 5.14
Concentration to Infectious « EMA (2018)
Wector Titer « FDA (2020)
Transduction (Infectious) : - EMA (2018)
Strength | Titer Product Specific . Ph Fur 5.14
Physical p24 Titer Product Specific « Ph.Eur. 5.14

—— — T — — — — — — e — TN oy e — — —— —— — — — — — — — — T My oy — — —

‘I—r Most of the QTPP attributes can be assessed as program-agnostic ones, including Safety, Identity, Content and Purity.

| » Once specific product is identified, a product specific QTPP will be drafted using this one as a baseline
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QbD Strategy to Accelerate PPQ Readiness

PD: Raw Material Assessment .
: Program-Agnostic activities to accelerate path to PPQ
4 PD: Process Parameter Assessment :
: PD: Program-Agnostic PC Studies

. AD: Program-Agnostic LVV Characterization . L
T T T T T T T O T I O O T O O o o o o o o e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = Product Identification

Program-Specific PC Studies
Microbial Control Strategy

Process Justification Report
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Specific

Program-

AD: Qualification of reference standards for potency assay

QC: Method Validation
LVV PPQ Runs (n=3) )
Cell Therapy PPQ Runs (n=3)
elevatebia
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Recap and Thank You
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= A LVV platform was developed and its being used in 3

phase | clinical programs.

The platform has shown the robustness and scalability

and delivers high quality LVV for multiple indications

A phase appropriate DMF is available in US and

Canada to facilitate regulatory IND filings.

A product agnostic quality by design (QbD) strategy is

currently being used to accelerate PPQ readiness
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