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SCD: Disease Overview cour gl o
N Complications
Disease State s
. Genetic disease caused by a point mutation in the B-globin High levels of v'”::i‘:w“ Anemia
gene (HBB) that results in the production of an abnormal B- Hbs in RBCs
globin (Bs)' s / =
N Vaso-occlusion e . i
. Hemoglobin S (HbS) polymerization, due to low oxygen Hemolysis Acute chest . Pulmonary
tension, cellular dehydration, and acidosis, deforms RBCs HBS Vasculopathy syndrome 'y hypertension
into the sickle shape characteristic of the disease. V0, . a e
Increased fragility and breakdown of RBCs leads to anemia &sicking ¥ sequestration complications
and vascular bed damage.!?
Priagism Kidney disease
- The disease is associated with acute, unpredictable vaso- ﬁ
occlusion that leads to excruciating pain crisis and even Sudden death Leg ulcers
death, as well as progressive damage to blood vessels,
which can lead to end-organ damage. SCD results in ) ot o .
significant medical burden, profound impact on quality of Bﬂf‘;ﬂ?ﬂ oo
life, and premature mortality>* ﬁj&ﬁﬁ

s, e co /
Retaranc: 1 Xat G et l. Nat Rev D Primers. 01418010, 387 255464, 2. Khrman K e . chsner Jourl. 01, 15131137 . Jhemato Jr——
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Manufacturing process for autologous, LVV-based cellular gene’therapy
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[ BB305 LVV adds B*™7-globin gene
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Development of lovo-cel for SCD

Drug Product IV Engraftment of HSPCs
Infusion and Repopulation
The NEW ENGLAND
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@ Biologic and Clinical Efficacy of LentiGlobin for Sickle Cell Disease

Single treatment BATYO a
resulting in sustained

production of transgene
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Red Blood Cell - '

containing HbA'C

HBA™3; hemoglobin containing B* ™ -globin; IV: intravenous; iglobi 0:

1. Kanter, Walters et al. N Engl ) Med 2022; 386:617-628
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The CMC Challenge in Autologous CGTs:
Delivering on the Promise of Early Clinical Success for a Successf

Where we were (2019): Where we needed to be:

Clinical manufacturing facilities Commerual manufacturing facilities

Constrained supply for lentiviral
vector with a “scale-challenged”
manufacturing process

Development-phase processes with
multiple exploratory &
characterization testing approaches

Transactional relationship with
suppliers

Limited network of clinical
investigation sites
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Lentiviral Vector Supply Scenarios During Development

Cellculture flasks /cyic fimits on cutture Lower fiter process Feyer patients

Early LWV scale limits fill volume consumes more LVV ated per aLVV lot

Manufacturing vials per DP manufacture
[ ]

Process (adherent
Patentially 10 /40X

cell culture — aLVV)
more patients Areated

LVV Development Goals:
1. Synergistic titer and production scale improvements vs. aLVV
2. Maintain potency (ability to transduce CD34+ cells) vs. aLVV

Single-Use Bioreactor

; aly A
Commercial LVV ‘b '“l“lul““‘\”\“L“L“l“
Manufacturing Process - =7 A‘IUJJIJJ‘LJJJTUU‘ n‘i‘ll‘illju'l‘u“x:w
(suspension cell "=
culture — sLVV) ) ﬂ ‘l}‘lul}‘l L1ll "’l"’l“t !LJ lk
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Summary of Process Changes for sLVV

HEK293T cell banks  Cell expansion  Transfection & Production Purification Fill & Freeze /Quality control

» Suspension-adapted cell banks for production cell lin,

» Improved formulation and decoupling b
manufacturing

* Test method and site changes
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Overall Comparability Strategy Overview
1. CMC strategy to introduce late-stage process changes re
O] successful demonstration of multi-component, multi-;

comparability

i

e

element(s) is needed (LWW/- drug product — clinical data)
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Impact of Process Changes on Quality Attributes of LVV
Intended? Expected? Impactful?

* Increased viral titer per unit volume

* Changes to product-related and process-
profiles

@ » Functional potency of LVV not gdversely impagtéd as assegsed

8 Pol (reverse transcriptasefintegrasefprotease)
* Gag (CapsidMatrixNucleocapsid)
T Envelope
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Lessons Learned Along the Way ...

1. Major process changes (even in late-stage development!) are possible

careful alignment with regulators on expectations for technical execufion

2. Avoid making multiple simultaneous process changes to be able tg’resolve impact

3. Testing method and site changes during development compou
challenge

= Robust method bridging or equivalency studies and/or historical lot,
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Lessons Learned in the Drug Product Proce

Challenges overcome during scale-up, process validation, and successfdl commercial
readiness include:

-Starting Material Variability (Patient Cells)
*Process Performance Qualification Complexity
Establishing an exceptional relationship with contract manufdcturer
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Starting Material Variability

From a manufacturing perspective, attributes of the patient cells are ighly variable.
= Volume — 4-fold change
= Total nucleated Cells — 6-fold change
= CD34+ Cell Purity — 17-fold change

Sickle Cell Disease characteristics:
= Chronic anemia
= Increased cellular adhesion

These disease consequences, among other factofs, contribute to the significant
variability in the type and quantity of CD34+ hepatopoigtic and progenitor cefls
present in the bone marrow’.

1. Cavazzana et al 2017: ¢ 017: Lagresle-Peyrou et al, 20198; Leonard et al. 2
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Starting Material Variability

The wide range of variability in starting material from Sickle Cell <= C
patients necessitates an autologous drug product manufacturing ' . o
paradigm that can manage the variability at specified process :

steps using well defined decision trees and clearly defined

options.

There are several decision points in the process where
technicians select an option based on volume or cell counts.
These options are designed to optimize conditions or
eliminate/minimize the discard of patient cells to accommodat
process limitations.

From a Quality point of view, options in the manufacturi
process require careful consideration. Each option wa
thoroughly characterized and implemented in the clinj
of the program resulting in a robust commercial proges:
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Process Performance Qualification Complex

Process performance qualification (PPQ) is the stage where the proce
evaluated to determine if the process is capable of reproducible corf
manufacturing’.

In biologics, vaccines, or pharmaceuticals, the product is hg
license is granted.

Health
Report, .
Product SA:th.OH.ty Product
disposition, Sbiisson Distribution

Review,
Storage Aiave]

1.FDA y. iples and Practices
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Process Performance Qualification Complexi

Autologous cell and geng’therapies are

one batch per patient

| | Hell
ripteiced Sl donor and the recipight.
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Process Performance Qualification Complex

be less than the initial expiry granted.

In our case, we had an ongoing clinical trial which allowed
our PPQ campaign, obtain potency data, demonstrate thg
traceability and perform clinical release on those batchgs.

4s to include pati
full circle of prod

Health
» Authority
Clinical Submission,
Review,
Approval
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Process Performance Qualification Complexity
Traceability Overview

Drug product chain of identity (COI) or traceability involves the collective tracki
control of subject cells through procurement, drug product manufacture, an

Phase 1: Phase 2: Phase 3: Phase 4

Enrollmant, HPC-A Collaction and Shipmant - HPC-A Receipt & DP Manufacture DP Disposition & Shipmedt - DP Raceipt & Patient Traat
HPCA HPC-ADelivery  Drug Product Drug Product
Collection and Recelptat  Manufacturing & Disposition angfl1s Drug
and Labeling DP Manufacturer  Final Labeling Approy; Recpifit at QTC
Patient
Enroliment Patient
e = ® ® O = =
Placement
HPC-A Shipment Orug Product Shigment
Preparation, Courler Pick Preparation, Courier
Up and Shipment Pick Up ond Shipment
Patient Identifiers Patient Identifiers Patient Identifiers Patient Identifiers Patient Identifier
Drug Product Mfg HPC-A Product HPC-A Product Identifiers HPC-A Product Identifiers HPC-A Product Identifiers
Identifiers Identifiers Drug Product Mfg Identifiers Drug Product Mfg Identifiers Drug Product Mfg Identifiers
e ISPE y\,.mg P%naceu(ica\ Knowledge ISPE.org

Supplier Relationships

If you are using contract manufacturers, collaboration is essential to
= Communication channels at every level and across levels are critical.

« Weekly, sometimes daily, joint working team meetings
* Monthly or preferably bi-weekly joint leadership team meetings

« Monthly or quarterly joint steering committee meetings

« During Commercial Readiness phase, we had unprecedentedAccess to the site,
o Expanded PIP opportunities at multiple levels of the organizatjgn substantially eptfanced site readiness as pvell as our
own preparedness.

= This approach can apply to contract testing labs
= Contracts are useful and essential, but the relatjdnshi

key to achieving success/
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