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Disposable Technology in Aseptic Processing: Drivers

—{kfi&*ﬂi%'%lzﬁlﬂ FI9X3h /7

New Facility Design ¥ ¥t

Design, construction, and validation of a GMP biomanufacturing facility it &i& M6 iE — NS5 GMPESR ) T

= reducing capital expenditures4s %5 1 H i [&]

= minimizing the project timelineyk/b> [# & ¥ 7= $¢ %

= increasing operational flexibility 4 i1 i) 7= 1%

= “minimizing operational cost’J#/biz {7 7¢ #7 -Wei Huang, GEN, 2005

Retroflttlng Existing Operations ¥ BGEIF KK %

Ease of Use % i
= Flexibility % i
= Reduce Capital expenditureyli/> [ 78 % 7= 4 %
= Changes in process or transfer of new process into facility 1. 2548 8 8i # K 37 L BB T Wit
— New buffer , New media, Process hold volumes increase, et/ n: (192, B A5, 125 A 22 (1 3 A4 A AR 84 i 2%

Growing spectrum of applications emerge H3 7 Bk 5 B A% N FH K25

= Mixing, sampling, filtration, bioreactors, transfers, containers etctif £:J8 & BURE, i 3, A=W [ B 88 FE %, 25 o 4
= In parallel a growing spectrum of components emerge-5— X TR S HEAT 1 Zh B HL 20 44 T 1
. E/Jné%i?qgered solution are evolving from applications and componentsi & () TR 77 £ — IR 1) S FH A1 s2 B Rl Th g
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What are your key drivers? =8Iz 1 &4 2

You are a Biotherapeutic Manufacturer SRR L2401
- Eliminate cleaning requirementsjii /& v 0 20 K 3R 5 1R

- Reduce time & labor costya /b i 7] & N\ 77 14t %%

You are motivated by lower operating& maintenance costs

RN e AP S S AN AT e R

You are a Contract Manufacturer HIERER 7A=Y
- Eliminate cleaning requirementsili /b Vit 4 4 A 5 A1
- Reduce time & labor costig/> it [a]& N J1 1L 2

You are motivated to get a fast & flexible up and running process <4l X fih b 11
R, 2de Bain] DS 8RR R 3R 3




MADb Process Template by Disposable
i — X R G 5T T 2R

AFFINITY CEX
CLARIFICATION CHROMATOGRAPHY CHROMATOGRAPHY

Bioreactor
8 AEX
d' CHROMA-
| TOGRAPHY
T &_
'-||'l
Bulk
Drug
Substance STERILE

FILTRATION ULTRAFILTRATION VIRUS REMOVAL
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Martillac BioDevelopment — Single-Use Facility

iEEMartillacE M E Sl - IX'EE-TF*?RIJ_*%
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Mobius— &= M

Mobius Single-Use Products
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FDA/EU General GMP Guidelines

FDA/EU i&F GMP #55

FDA

FDA, Code of Federal Regulations, Part 211, “Current
Good Manufacturing Practice for Finished
Pharmaceuticals”, Part 211.65, “Equipment
Construction”, 2005

“Equipment shall be constructed so that
surfaces that contact components, in-
process materials, or drug products shall
not be reactive, additive, or absorptive
SO as to alter the safety, identity, strength,
quality, or purity of the drug product
beyond the official or other established
requirements.”

ML TP VYL L Y % A2 I

LAFIZGSNL S AN AR

291, EHAEZGYNI L2 —HE K

B JEELALE, T GERAE B TR
hEEE 2R,

10

EU

European Commission, EUDRALEX Volume 4, “Good
Manufacturing Practices, Medicinal Products for Human
and Veterinary Use”, Chapter 3, “Premise and
Equipment”, 2003

“Production equipment shall not present any
hazard to the products. The parts of the
production equipment that come into contact
with the product must not be reactive,
additive or absorptive to such an extent
that it will affect the quality of the product
and thus present any hazard.”

LR ABEXT i TS e A
HIAET= 8w AN AL 77 B R
W25 T2 27 i 19 ) T8 e
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More reference on SUS is being updated by regulatory

EFRHISIETE Eﬁ*?—‘“’[ﬁ%ﬁﬂﬁ:ﬁﬂ%ﬁ*ﬂ

=3

> PDA Technical Report No. 66: Released on Oct. 2014

PDA 66ERAIRE : 2014.10E 5%

> USP Material Safety revisions: USPXFHHlLZ S EIEH

New mandatory chapter for processing materials; T Z3f&f1%!

New voluntary chapter for E&L ~ E&LET

» BPSA Guidance on best practices Particulate Control;

BPSAISrRE X T EURAIRVIEH] ;
» BPOG /BPSA E&L Standard Protocol Effort;
BPOG/BPSATREE&LIH A ;

» PQRI: Tech reports & Guidelines from Parenteral and ophthalmic drug

products leachables and extractables group

11
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Table of Contents of PDA TR66

Tzchnical Report Mo, 64

Application of fingls-Thks Sysems

PDA 66SHARIRENE RN
1. Introduction
2. Glossary of Terms
3. Points to Consider for Single-Use System Manufacturing Stra%} _ ‘:%
4. Single-Use Technologies and System Integration Fﬂ__——_‘—;'_— e~
5. Qualification and Verification of Suppliers, Materials, Con‘l’ﬁ)’ngnts PDA

and Completed Assemblies &

© 0 N O

10. Appendix lll: Training Requirements Example

11. References
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Business Drivers for the Adoption of Single-Use Systems
Implementation of a Single-Use System
Appendix |: Overall User Requirement Specification Example

Appendix II: Project Execution Plan Example

Priority / Relevancy

High
Medium
Low




Qualification and Verification of SUS — PDA TR66
ISIESTHIA- PDA 665 ARIRE

The end user must identify that the SUS supplier’s approach to the design and
selection of materials of construction includes components and materials such as:

P AUARZISUSH NS I SRS RR T 2R EFIEH | Flan:

- Filters 127888

« Sensors {E/EE

« Polymers &Y

« Lubricants jEHEX!
 Slip Agents B

13



Qualification and Verification of SUS — PDA TR66
ISIESTHIA- PDA 665 ARIRE

It is important for the end user to have access to controlled documentation of the
gualification studies.

XFEimAP |, SRESUSHREFIBEHAFIANI ZIE R EE,

« Batch Numbers traceable to the raw materials BIEMZEIRFFEIEVITNS
« Product shelf life F=EA%%HA

- Certificate of quality REIEPH

- Certificate of integrity SEEXMHIEF

« Endotoxin certification (to required and specific endotoxin level) W& Z=IAUE ( B
FHNEARSERE)

« Animal-free certification FoaI¥IFIFIAUE
- Sterilization certification (if sterility is claimed) KENIAUE ( HBTCEIRIE )

[More Cooperation with Supplier; Higher Requirement for Supplier.

14




Qualification and Verification of SUS — PDA TR66
ISIESHAIA— PDA 668 RIRE

Risks Associated with SUS —/RIEZRZFAEXKEE

Table 5.2-1 Risk Complexities of SUS ltems and Applications

System Complexity

UF’/DFY/ Clarification/ Re-
Concentration covery

o Connectors/Mixin Cell Culture/
MLLELgl Transport/ Shipping Medium Sturﬂgew Fermentation

High Purification/ Product
Storage

Low Buffer/Storage

Impact to Process

Fill and Finish

*UF — ultrafiltration "DF — diafiltration

15

Low

Moderate

High

$5000.14 0} peduw|
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Validation for Single-Use Systems —RIEZRFISIE
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Testln Requirements for Single-Use Assemblies

17

IE?%HQ‘ME\‘EI
Regulatory Requirements Associated Studies
EMER EESHE
Particulate
Additive AR
)]l Extractables & Leachables
AIHEEAIRNR )

Adsorptive (removal)

Interaction Studies (Compatibility..

)

Sz bz

8% Bfss HE(ERAR (REME...)
Efficacy, Performance Drug Performance
AR IIRUMAERE AmEae
Reactive Drug Stability

AmisiEE
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Compatibility
ﬁelﬁ

=  Compatibility assessment as early as possible

BHTREEITA

= Proper evaluation of the design space limits

XIRGHIPRERITIE 8IS

» Reconsider compatibility at each process change
(scale up, filter change...)
STZFEAT (K. LIRS ) | BEXIFk
SHEHITEITG

18




Compatibility Data Collection

ﬁaEﬁEWE

Collect supplier’s Information

WEEHNERIER

Collect drug manufacturer’s information

= Manufacturer’s compatibility tables
HNERFRESHES IR

= Manufacturer’s Validation Guides

CAIVEET eI 2 =]

INEZSTEHYER

19

= Device fluid pathway
BT

= Drug product solvents
A ERZE Rk

= Key process parameters : Temperature, contact time

RESE BB, FZRRAIE

i 2 ||k I
NN EN AN
1 FlEE 5085 55, | |5, |8
HAGL A EE R
of | £8 | =Y | BE | ED | 2| 0| P | B PR | E
Housing m als
'_'_:?'_’E:ﬂ poiyaty cR ] m R [ [ ] ] R
P:':W:':Df are ND R (223 GR =T [ R TsT R
gsan\u:'o ND L] [ ] ST [ ND R
?‘C’E’f?c - ND L] [ GR ST [ R T5T
O et gy ® | | |a& | w s | Mo D
e M| o e | @ | ca | N0 N
?5'!,0_:'“ o probyrman L] GR ND ND N ND ND
| N—— R | @ | " R
[ w | kR |e@ |k " R
i 5] 5] ] rD
Filter materlal:
L /—— ® @ | MR & &
?‘UE’!WC L= GR TS NR B B
Peycatnc ¥ ® ® " ® " & &
?;[n_u__mwc CR R R R R R R R
?‘D‘et?:\oc ucrie MO T R R T=T NR R R
LI ] GR =} e | ek MR MR
PDE\'S\‘C'C fona: L= G" o . A, e o
. " [ é’
e
=
Millipore Express” SHF and SHC
Cartridge Filters
Opticap® XL and XLT Capsule Filters
with Millipore Express SHF and SHC

Membrane

=
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Compatibility
FEE

/ e Any possible interaction between the selected

g . components and the Drug Product formulation is
Certification assessed using qualification docs, compatibility
charts and literature.

FRAEMED . mowiEgs. sansSOEOHEEESERY
\* ' [AHEEEE

—

: - | Test results assessment: Comparison before and after
TeStmg with exposure; Acceptance criteria review; Visual
Drug Product examination

e RS RITE - EEBIEMBIERER ; EIIESNE
_fLIIIﬁIII;mUﬁt =} e

<
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Particles

L EY)
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Particles Eiii4
Organization &S

USP — National Formulary

/

Standards tRf

<1> Injections; <787> Subvisible Particulate Matter in Therapeutic Protein Injections;

EEgE <788> Particulate Matter in Injections; <790> Visible Particulates in Injections; <1788>
FSEESES Methods for the Determination of Particulate Matter in Injections and Ophthalmic Solutions
EP RERiMZ5HE 2.9.19 Subvisible; 2.9.20 Visible

JP HAZGH 6.06 Visible; 6.07 Subvisible

Particle limitations for both light-obscuration and microscopic particle-count methods

USP <788>HR3EiEZRMIRITELERIFRIIRE

USP <788> Large-Volume Parenterals (>100 mL)

Particle Limits ERiHIBRE

Light obscuration method S5

<25 particles/mL that are 210 ym, and
<3 particles/mL that are 225 uym

Microscopic particle count method BfAE1TEGE

<12 particles/mL that are 210 ym, and
<2 particles/mL that are 225 um

USP <788> Small-Volume Parenterals (€100 mL)

Particle Limits ERiIBRE

Light obscuration method J&iE%

<6,000 particles/mL that are 210 ym, and
<600 particles/mL that are 225 uym

Microscopic particle count method B ITHE0E

22

<3,000 particles/mL that are 210 ym, and
<300 particles/mL that are 225 ym




Particles

Tk

Filters will retain the vast majority of particles...

JiERREEE XA Z &Y

[ lL@jﬂM@uJ Iy

"""""""""""""

I u

——H

Mll

Typical Monocional Antibody Production Process

.....

23




Particles

TR

24

Particle contribution Eif43EE

» Coming from any plastic material after a filter

- KR TId iR r LB

o Final particle QC  BxZ% =g R ERAa

« In the final container E&RiIRZSEEF
 Under worst case conditions fEREFET

Determination of the flush volume HE/P5/AFH

* Needed to decrease the amount of particles

- R EERIEE

=
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Focus on Extractables and Leachables

e Sk LIE: VY S Fh )

Extractables TJ2E)

o Extracted from plastic or elastomeric materials in solvents
under aggressive conditions.

o Determined under “worst-case” conditions (Model Stream
approach) fx 2 5 F (BT

Leachables &EH¥)

o Compounds that leach from the plastic or elastomeric
materials into actual drug product under normal use
conditions.

0 Determined with the product under normal
processing/storage conditions SRR 5 B Sz T 2 B4 AT

Extractables
.| eachables__

Leachables

Extractables

Gas _
permeation

Adsorption

Absorption

Figure 1.
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Regulatory Expectations Summary
EMHIEE R4S
Incorporate Qbd by selecting well qualified and safe materials

1 RIFRENZ £ RIS mERR I #

Generate Extractables information in model solvents under worst-case conditions

ERINBRIFIRESRMG NMERIRREMER
Perform risk assessment

T XS

Conduct Leachables studies as necessary
WERTH TR HYISCY

Perform toxicity evaluation and demonstrate safety

HITSEHG , FHEREZE M
EMA, “Guideline on Plastic Immediate Packaging Materials”, 2005

BPSA, “Recommendation of Extractables and leachables Testing”, Revised 2010
PDA, Technical Report No. 26 Revised 2008, Sterilizing Filtration of Liquids

26
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How to deal with the E&L data?
A LSRR T iRENDFN = AN EE ?

* No Official Acceptance Criteria established for Extractables and Leachables
AN D S B B R I
v'Compound Specificity o EREME
v'Toxicological Data on Compounds #J[FREVSIRZF#E
v'Concentration in final dosage SRZ&FIBIHEYIRE
v'Dose Size, Regimen, Dose Delivery FIEA/N. 479018, 47581
v'Patient Population MAESR:

» Concept of Threshold of Toxicological Concern (TTC) has its roots in the concept that

'safe levels of exposure' can be identified for individual chemicals with known

toxicological profiles.
RHERERE (TTC) MR T e A SR Al 2N A ML a2 e 5%
BT

27
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Case Study -- Blank Run on Complete Process

B - REITZTRIZE[ZEE

200L SU Bioreactor
batched with Cell Culture
Media
HBRIEFE - 200L — R T R S8

Downstream
Processing

FigILS

Sample
Analysis Methods

St AE

No inoculation

13 days at process temperature & agitation, with feeds
Sampled at t=0, t=13 days

Day 13 harvest followed by full DSP

Full-scale operations with all devices/resins

All unit operations utilized single-use systems & flowpaths
All process buffers prepped & stored in SU bags
Sampling from each buffer bag/process intermediate pool

GC-MS (VOC and sVOC)
LC-MS (non VOC)
ICP (Metals)

28
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Fully Single-Use MADb Process A
Wé_lA IEE?"JI < Samgles

‘ t=0 Culture Fluid

fCIarlfled 1 W o B ‘| It |l Post VI 1
: Harvest ' 28 i e | Capture : =8 | : Pool :
\_J:’.D.QL..’ N\ ! Q’\’r | S =!

Bioreactor Depth Filtration Capture Step Virus Inactivation
Mobius® CellReady Millistak*® DOHC + ProSep® Ultra Mobius® Mix system
200 L Bioreactor XOHC Pod filters Plus resin with Millipore
Express® SHC filter
v

( \
| Bqu Drug i 1 Post CEX:
' Substancel . pool |

| Y =/

E ® ‘
‘t—O‘ cho fiey  UFDF Viral Filtration AEX Step ®  cexstep
=7 Pellicon® 3 Viresolve® Membrane Fractog§|®
days Ultracel 30kD Pro+ solution adsorber SO;resin

cassette
29
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Total Mass of Leachables through Process
TITZadtEhzhnEE

250

N
o
o

150

100

Total Mass of Leachables [mg]
a1
o

I | I . - - 10 il
¥ o o o \’,’Q ¥
2 Q <z Q Q Q o
S & &« SN
# 4 & ¥ S v ? <
¢ o L ® Q
> Q
@‘b
6\0
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Patient Exposure to Leachable in BDS

BEEMFERPNEEYNSE

Based on mAb high-dosing regimen of 1050 mg API1/2 weeks S3fl=

= Case 1. Assume BDS API concentration = 100 g/L

LEA Leachables
Frequency

Concentration | Dosage (mL) (days) Daily Average

(g/mL) ug/person/day
0.9 10.5 14 9.2 0.65

Total pg/dose

= Case 2. Assume BDS API concentration = 10 g/L

LEA Leachables
Frequency

Concentration | Dosage (mL)

CEVS) Daily Average
(hg/mL) il Mgeioss ug/person/day

0.9 105.0 14 91.6 6.54
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Assess Risk / Patient Safety

MBS BAZ 2T

Case 1 0.65 Low
Case 2 6.54 High
Threshold Concentration
(ng/person/day)
Genotoxic Compound 1.5 -
Neurotoxic Organophosphate
18
Compound
Cramer Class Il 90
Cramer Class Il 540

Cramer Class | 1800

32
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A Look at Individual Compounds

EEPMLEY

» The leached compound identified in the greatest concentration within the BDS after 7 days storage was
Hexanal (CAS 66-25-1) ik ER=RINEYNCEE

Leachables
LEA
Frequency

Concentration (days) Daily A
(Mg/mL) Total ug/dose ~ —oy AVeTage
ug/person/day

0.1 105.0 14 11.6 0.83

» The concentration of any individual leachate would fall below a worst-case threshold exposure limit

of 1.5 ug/day {HIBENMASHIREMIREERERM FEMETEMENEL Sug/day

» Toxicity of individual compounds can be further evaluated and would likely demonstrate orders of
magnitude below safety thresholds IHF—ZHARZFU SIS | HEETREEMET=£EE

= Ex. An ADE for Butanal/Pentanal was established at 3.75 mg/personJ E&/[XEERIADE , &N
3.75 mg/ A

33
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Conclusions Z5ig

Complete Leachables Blank Run demonstrates that the downstream purification
unit operations provide a level of removal of leachables throughout the process

=TT N T2 IR RE LR

Study confirms and supports direction of industry to focus on evaluating E&L from
the bioreactor and from BDS storage through to drug product

XIAREIANR HIRORIEN LR s

Study brings confidence in patient safety in regard to leachables from single-use
processes as demonstrated by toxicological threshold analysis

—RIETZ kAR BN S HEBIE S T PRIEASR ARIX AR

Final filling operations utilize primarily the same MoC’s as evaluated here,
providing confidence that leachables should not pose a safety hazard
REREEERNREFREREIIHERE | ARESRLFmPROIRIX IR M
TEL
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Summary &45 \

Key industry drivers lead to single-use processing solutions.

1 sempamsmos — A A RE R,

Regulation & Guidelines drive the need of validation for single-use system.

2] FIREhE R R FRIEIEE K,

What kind of validation should be performed? Compatibility, Particles,
E&L, Adsorption...

T ERMIPLIGIE ? SRS |, BRI, AIIREMIR=R YD |, IRFT.....

Your SUS supplier should be able to provide insight and value to the
4| entirety of the related validation evaluation.

—RIEERRSE ( SUS ) NN AR AT RGN AGRYZEINATRE
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