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1950s: Poliovirus production in 2011: Pandemicvaccine production 1981: Cell culture factory 2011: Hyclone SUB
primary monkey tissue in VERO cells New Brunswick Scientific

Flu vaccine production: Eggs Stainless steel bioreactor Xcellerex XDR bioreactor
Novartis Novartis Novavax C-5
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August 30, 2017

Novartis' Kymriah Wins FDA Approval as First
CAR-T Cancer Therapy

Alex Philippidis

The FDA today approved Novartis' Kymriah (tisagenlecleucel), with the
agency hailing the chimeric antigen receptor T-cell (CAR-T) treatment

as the first gene therapy to be available in the U.S.

Kymriah, previously known as CTL019, is indicated for the second-line

(or later) treatment of relapsed or refractory (r/r) patients up to age 25

with B-cell acute lymphoblastic leukemia (ALL).

Source: © Anqy

“With the approval of Kymriah, we are once again delivering on our
Dean/Fololia

commitment to change the course of cancer care,” Novatrtis CEO

Joseph Jimenez said in a company statement,

N News Highlights

GEN News Highlights

October 19, 2017

FDA Approves Gilead CAR-T Therapy
Yescarta, Plans Regenerative Medicine Policy
‘Soon’

Alex Philippidis

Gilead Sciences’ Kite subsidiary has won FDA approval for Yescarta™ (axicabtagene ciloleucel), the
second time in less than two months that the agency has authorized a chimeric antigen receptor T-cell

(CAR-T) treatment for a form of cancer

As with the first-approved CAR-T therapy, Novartis' Kymriah™ (tisagenlecleucel), the FDA acted more
than a month ahead of schedule. The agency had set a Prescription Drug User Fee Act (PDUFA) target
decision date for Yescarta of November 29, 2017.

The Yescarta approval came 15 days after Gilead completed its approximately $11.9 billion acquisition

BHEF2017F8H30HE, EE(FDACHLEKymriah™5alkiaiE2
Zh—BE MR EMESHTHR(CAR-T)FEBFET255UT. #
AR 2 RERRBMHEaIF S H B HEAME(ALL) EE,
Kymriah2FDA#LERI S MNAREEZ A EILRYTE.

10818H,FDAIlt fKite Pharma BJCAR-TJ7ixYescarta™ b, BBF4rr
SLMEAEXBHARMER, SEIESHEV2MMER AT A RB{BTINR,
YescartaiZaiiRitt, Bk ACAR-TITZRSE _EEBIEHE, FiitYescartalgixs
SEREIEL17{ZETIN.,




j Biomanufacturing Process Challenges @74 %7 SHINVA

FrRRIYIA

>IN SRR RR TR R A RE~ T ZHiE?
> AHAHE R AR ERRI K S0 F TIRIEFEREENE?

> WA NEEFEIURICIIS B A FEmFITES?
>AASEIR R BRI F U EIE, TIENRSHIRCR?

Schedule according to
manufacturing site Schedule patient
capabilities — no storage < hours < hours when finished

Clinic § 5 Clinic

Manufacturing center
TISSUE L MANUFACTURING [l i1soLaTiON P> ExPansION P> HARVEST Bl ToBepsipe Mgl TO PATIENT

— —

Order/prescription <1 day <1day Schedule patient
(100s of sites) when finished
(100s of sites)

Commercial manufacturing - clinic and manufacturing center are physically disconnected

Molecular Therapy: Methods & Clinical Development Vol. 4 March 2017 C-8
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\ ] Octane and Lonza Announce Exclusive Collaboration to Evaluate

. N ’ 4 Groundbreaking Autologous Cell Therapy Technology
A ; |

Automated production of allogenic
or autologous cells & tissues

T

6

OCTANE BIOREACTOR TECHNOLOGY

' 2 Cell/Tissue N 3 Disposable 3 4 Cocoon™ N 5 Cell/Tissue o
Input Vial Cassette Instrument Output Vial
a— — : c-9
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Sartorius Stedim Xcellerex
Biostat® Culti-bag XDR™ Bioreactor
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PER.C6®: able to Scale-up to Large scale Bicg_e_pctors
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Successful scale-up of
PER.C6® cells to 20,000 liters
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Air Wheel bioreactor

from benchtop to production
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Cell preparation Biosafe Sepax®

c:Ts
Expansmn

Transduction

Formulation
(wash)
COBE® 2991
Formulatlon
(concentrate)
Cryopreservation Controlled rate
freezers

.
QcC (Flow MACSQuant® I mostly automated
cytometry-based) Analyzer . manual usage

Examples of devices that can facilitate the clinical-
grade manufacturing of T cells. Cancer Gene Therapy (2015), 72—78 _39
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n . . The SynGenX®*-LAB System
Stratification & Separation s desiged or the
efficient extraction of
target cell populations
from bone marrow or
blood samples in a
closed device.

The SynGenXe®-LAB Disposable Cartridge features a cone-shaped region
at the bottom of the central sample chamber where the cell fractions of
the sample stratify during centrifugation.
C-33
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» True walk-away cell isolation with automated labeling
and separation

» Standardized cell separation for reproducible, user-
independent results

» Fast and gentle isolation of virtually any cell type from
any species

Whole Blood MicroBeads are available for CD3*, CD4+,

http://WWW.miltenyibiotec.com CD8*, CD14*, CD15*, CD19*, CD33*, CD45*, CD56*, or
CD138" cells. o34
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Xuri™ cell expansion System W5, Xuri™ cell expansion

System W25;

https://www.ge.com/cn/

Quantum®Cell Expansion System (Terumo BCT)
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'@ Sterility
[v] Purity
identity

s [Z] Potency

Cell dose
1x10°to 2 x 10"

WAVE Bioreactor™
(5L)

High Media Height

Means
High Nutrient Capacity

“E__ (| Addcetisand Large Volume of Media

f ( 4 \ To Collect Cells, Withdraw 90% of Media Volume
|| = and then Remove Cells (simplified cell recovery

G-Rex™ Cross-Sectional View

(2) Setinincubator

( 3. Cells Obtain Oxygen and Nutrients on Demand
=/ (no need for media exchange, shaking or rolling)

as harvest density approaches 30x10° cells/ml)

0, and CO; from Incubator Movesj
Across Gas Permeable Bottom

Incubator Shelf

Oncolmmunology 1:8, 1435-1437; November 2012

www.wilsonwolf.com €-36



