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1.0 Introduction ™4

Cleaning validation plays an important role in reducing the possibility of product

contamination from biopharmaceutical manufacturingequipment. It demonstrates that the
cleaning process adequately and consistently removes product residues, process residues

and environmental contaminants f r o m the cleanedequipment/syste m, so that this
equipment/systemcan be safely used forthemanufacture of defined subsequent
products (which may be the same or a different product). As used in this Technical Report,

“product” may be a drug product, bulk active, intermediate, o r another type of f o rmu | a tion .If “drug product”
is intended, that terminology will be utilized. While cleaning validation for biotechnology manufacturinghas
many of the same elements as for o t h e r pharmaceutical manufacturing, there are enough differences such that
a separate Technical Report focusing on biotechnology cleaning validation is appropriate.

TRV S UL AR A 25 257 e g B s B i 1 — N EEK A . B RIEE G L 2R e o)
IR — K ANTE BRI /| RE LA RRE . LZREMAEGY, DRIEZEE / RS
AR B 5 R il (AT BEAZ [F]— ™ S BOR AN R ) A e FEAREORSR S, “77 57 AL
2yl VETEECRE, Hhlal, BN R B AR

A “HIZG PR R TUIN, ZARE G R AR A RIS T SR A AR 22 R At i AR A R
K&, (HAERMEEARIR G PR AR Z AR AL, AR 0 T AV HRIE - RAE .

Previous PDA documents on cleaning validation, including the 1998 PDA Technical Report No.29 , Points to
Consider for Cleaning Validation and the 1996 monograph Cleaning and Cleaning Validation: A Biotechnology
Perspective provide valuable insights for biotechnology manufacturers.(1,2) However, this report presents more
updated in f o rm a ti on that is aligned with life cycle approaches to validation and the International Conference
on Harmonisation (ICH) guidelines Q8(R2), Pharmaceutical De v elopment , Q9, Quality Risk Management, and ICH
Q10, Pharmaceutical Quality System. (3-6) This report also aims to present information in a way that readers can
easily

utilize to assist in creating a cleaning validation program for their equipment and f acilities .

PART R FIEIESER) PDA SCfF, BFE T 1998 4F PDA HiARME 29 , JEEMIEHEE S Ml 1996 %
W OISE S ERAE: — DNMEVSARMA S AEERE AR TR B RIRZ WA . R )E, LR
i H TR B AT TR 2 I R R R R Ay B BV UEAT ICH 48T Q8(R2),  HIZiHFK . @9, EXE
B, M ICH Q10, HIZGEARR o XLERE B H bR R4 B SR A AT LU A 45 SRS Bl & At
TV A s 38 UE TR 8 ST

The Biotechnology Cleaning Validation Task Force was composed of European and North

American professionals f r o m biotechnology manufacturers,cleaningchemicalsupplier
s ,regulatory agencies and consulting companies. This report also underwent a global, technical peer review to
ensure concepts, terminology, and practices presented are reflective of soundscience and can be used globally.

A WAL S R A IROR L IS S BN R L LR A 0 2 7] B RALRL T AR BRI RAIEE &
N BARE AP TN RERE), FORFEATAL RS R ORIERE R, RTE, MEIE S 7R AR s, AT
PA4 BRI o
Note:Foreaseofuse,thisTechnicalReportincludesalistofacronyms us edthroughout the49 ©

Inc. 5document.Referto Section 16.0.

EE: NTHTNH, ZEARIREOUE 7 EisiEiE s, £ 16.0 Fif.
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1.1 Purpose/ s cope HI) / VaE

The focus of this Technical Report is on biotechnology manufacturing.Biotechnologgmanufacturing
includes bacterial and cell culture fe rm e nt ati on . While some might excludeplasma fractionation and
egg-basedvaccinemanufacturingfromthestrictdefinition ofbiotechnology, manyoftheprac
ticesand guidance in this report are applicable to plasmafractionation and egg-based vaccinemanufacturi
ng.Therefore, examples given will be forbiotechnology manufacturing.We have alsoincludedalife
cycle cleaning validationapproach, including de sign /develop mentof the cleaning process, process
qualification (theprotocols runs), and ongoing validation maintenance. These practices and the associated
guidance in this Technical Report are based on technical considerations and should be applicable in all regulatory
environments.

AP RV T AR . AL T A AR TR . TR — e Ul RS IR ARG
ORI BPE T A 77 5 SO R B AEYIBOR, AEAAR S v i — SR AN B8 1 ISR AN B ik
SrIEET . Rk, RGNS S SRR BATRFEAE T A B NE G R, B85 T
W LM/ R, T2 (5%, FIFFSIIRAEEY . 7EAHR 5 Hh J2 T R i 85 2 £ o e N S Bk
4R, I HEH T A i B A

The intent of this Technical Report is not to provide a detailed plan or detailed road map

for a biotechnology manufacturertoperform cleaning validation. Rather, as the title suggests,it presents
“points to consider” as one designs a cleaning validation program forbiotechnology manufacturingbased on
an understanding of on e’ s manufacturin g andcleaning processes. In cleaning validation, there are
generally multiple ways to accomplish thesame goal of a compliant, scientifically sound and practical cleaning
validation program.Where options are given, the rationales for such options are also generally given.
TheBiotechnology Cleaning Validation Task Force that developed this document hopes that itwill be used in that
spirit. Based on an understanding of the unique nature of any individualsituation, different approaches or
additional issues should also be considered.

AR I AT EIR AL T AR P i W SR R PAT — DRI TR B PEAN B R A . SE S IE R UiV E
FEIRFR R VL), AR T — M B REE R, RS T — R A R L2 B BRI AT B AR R A
TS RAE TR . FETERAEY,  —BRESEZMINEER N HR, RGN, WIRASRIATHE S
BAETHRI . ARG A 0N AR PR FRE OB TR 1 IR o BT A — o0 — B o A Ry
SERIIEOL, AN F R J7 2 EE A ) o) R A 2 95 8

This report should be considered a resource to help guide the development or evaluation of a cleaning
validationprogram. It is not intended to establish mandatory standards for cleaning validation. It is intended to be
asingle-source overview for biotechnology manufacturersthat complements existing guidance and
referencedocuments, listed in Section 13.0 . The reader should also be aware that a specific topic may be
discussed in severalsections of this Technical Report. Therefore,amore complete perspective may be
obtained by considering allrelevant sections about a certain topic.

AP K 20 78 — M BTSRRI OT R B — MV I UETT 580 ER HIFAN T SR — NI Vs TR Y 5
filbrdE. 78 13.0 THAT T U, BRI AN EVEOR A MR, #h 8 H BTRITE A S5 0. 1
A ARCIR Bl — MR8 1B 0K S AR Tt T 2 Ikhig, TRk, —ANTE 21 S8 B R0 RORs 2 d il i A A
FRET B ARHE EA SHE .

2.0 Glossary of Terms RiE&
a cceptable daily Intake 7] %52 H 7| &
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An amount of a substance administered o r consumed on a daily basis that is considered a safe level

H AT ER I —ANE 22 AR 2 DL K — AN 258 B 71

A nalyte 7K1

A substance (usually a residue) for which an analysis is being performed

Tt — A GER R

Blank 7=

An analytical sample taken to establish the background value for an analytical m e a s ur e m e n t which may be
subtracted f r o m an experimental value to determine the “true” value

AN TR R AN T VR RS — R R, IX R AT AR R AN SERE R A E XA R
Fr I A

Campaign BBt PEAE ™

The processing of multiple lots or batches of the same product serially in the same equipment

FEAH R BB 28 P ) — R 51 T2k i dh A7 it Ak 3

Changeover i F

The steps taken for switching multi-product equipment from the manufacture of one product to the manufacture
of a different product

A2 77 d 2 B o ANt B8 25 7 S 57 b i i A

Clean &

Having product residues, process residues and environmental contaminants removed to an acceptable level

B mh R . TR A5 e R 21— A AT 2 1 K-

Cleaning Process i Vit F2 /7

A process that is used to remove any product, process related material and environmental contaminant
introduced into equipment as part of the manufacturing stream

FARIGERATAT ™ it 5 T2 S BRI RN T 25300 e 46 SR (1075

Cleaning V alidation J&75561IF

The documented evidence with a high degree of assurance that a cleaning process will result in products meeting
their predetermined quality attributes

P SO SRAEBNE i 2085 2 {87 iy A2 T 14 Jo 2 2

Cleaning V erification ¥ Vi #fiilF

Aone-timesampling and testing to ensure t h a t specified equipment has been properly cleaned following a
specific cleaning event

— R R EURE AU R B DR 58 188 A% IR 8 HOIBVE AR 7 R IEAT 148 4 1iE

Coupon ifff

A small, generally flat portion of a de fi n ed material of construction (such as stainless

steel or PTFE), typically used for laboratory cleaning evaluations a n d / o r for laboratory sampling recovery
studies

MUY, ORI E R AR — BB > CREIn AN ERE PTEED, *Rpoil 2 R

SR 25 5 VR Ak M/ S 6 2 FURE [ W R At 5

D egradation [%f#

The breakdown (usually chemical) of material during man ufacture (including during and a f t e r the cleaning
process)

AR CFEEE L2 AE) R R BEAE GEH 5

dry e quipment T %%

No visible water pool evident in the equipment or line when viewed under appropriate
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lighting conditions

FEA & A DG RE PRI T A 32 B A 77 2350 7T LK

equipment T rain ¥ #58E

The sequence of equipment through which a product is produced or processed

P AR AR 7 B TN T A A A R

Grouping strategy 77 2H T

A strategy of establishing the similarity of cleaning processes, usually based on

similar products or similar equipment, and validating the cleaning process based primarily on validation data for a
representative of the group

LIS LSRR, 8 H ST AL AR B, 1B L 2RISR 2
BT MR R 56 24

LD 50

The “dose” of a material which results in 50%

mortality in an animal test

RO E
ENPIREEH, FREERIE— Pl I AR B 7 &
Limit PR

A value for a residue above which a cleaning validation protocol would f ail
—NETEIRUETT S S R — R R A

Normal d ose 1E 777l &

The therapeutic dose of a product as given on the approved product labeling

XA At AER AR IC IR TR E

Recovery s tudy [A[ISCRB 5T

A laboratory study combining the sampling method and analytical method to determine the

guantitative recovery of a specific residue for a defined surface

XA EURE SCRIAR TR IR0 52 R 45 6 BOORE T3 4R 70 A 73 92 (1 3 B [ Wi = Si B =k 7 5

3.0 Cleaning Process design and development JEVEREF IS5 K

3.1 Introduction

The cleaning process requires design and development prior toimplementation in a manufacturing plant to ensure
the cleaning process and equipment are acceptable for use. Additionally, the concept of “Design Space,” recently
introduced as an approach to the development of pharmaceutical processes, is discussed and applied to the
development of cleaning processes.

3.1 /réfd

THEVEE S & AR IR A AT AT Bt T A, DLUE WA AR s vl e bnitE . 5k, “Wit =S|
FOMER, ARy —FOT A I 2R e ) 724 51 1, AT e A0 S T W R P T .

The operational parameters that describe the cleaning process (such as cleaning agent, concentration, contact
time, temperature, soil characteristics and soil condition), as well as specifics about the cleaning equipment,
automated cleaning pathways, the sequence of cleaning steps, and flow rates during each step, should be
determined prior to implementation.

TSR FBRE SR (Ui, WL, SRR e, IS IBi R, ISR, IS EIEIETE R R
P, BENCEEE RS, TSRS, BARRE, ERAEAE, SERE.

Generally, the establishment of acceptable conditions (or confirmation of acceptable conditions for new soils
being introduced to the manufacturing plant) follows a standard progression of activities — beginningwith
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identification of control variables, cleaning measurements, and performance criteria. Laboratory (scale-down)
experimentation, analogous to process characterization, and specific equipment requirements provide the
necessary data to establish cleaning parameter control ranges

— R, FTEERARMERIS]E (BRFE AN S TS B AT B bR ) AR R BR R NE  (0 E J- AFE  AR B TT
B, IEVERIINE, VEREARAE, SCIR WP CRUBLRRM) , DAURSSHE, FRPRRE, FRRRRR&IIESK, 4eqt
FERVATEREE ik LIRS

This section describes the application of operational parameters and measurements, the design of laboratory
scale experiments, the selection of appropriate test soils, and the scale-up for cleaning the manufacturing

equipment.
U B A A E S BOR I B RS, SO0 S URBTINRK Be vt B il s Geilial 75 vk IOt 5 SR 2B 28 7
EREE

3.2 Cleaning Process Controls (Inputs) and measurements (outputs)

3.2 JEERAEREER] G R Cart)

3.2.1 Cleaning Cycle design

Cleaning processes are comprised of multiple steps. Each step in the process has a function and a

set of parameters that are controlled within defined ranges to ensure effective soil (and cleaning agent)removal.
Steps in a typical cleaning cycle for a biotechnology product are outlined in Table

3.2.1 iSRRI

HERF 2P RAN, B Dae bR AR —HSH, BT EEHHERE KGR A, PARIE
S (RS BEeA R bR RV 24 i RS B3 v Ji) IAE T R b AT 1 ik

3.2.1. Details of the cleaning processes may vary from site to site and for different types of process equipment.
Differences may include the use and type of detergents, the presence of an acid cleaning step the concentration of
cleaning agents, contact time of cleaning agents on equipment, feed pressure or flow rate, cleaning temperature,
and required length or volume of rinse steps.

3.2.1 AFEIZRBY T E B RIETERE P AT BeAAEAN ], AR A0 W] RE B4 Al A 00 S vl i A 2R, IRV
TSR BE Vs 1) 5 T o AT [, T PR O I 0 B, T TR, Pkt ) JoK & .

® 3.21 IHEEFDE (B

LB DiRe ik

e LBRATE AR IR Y AR IS W RS e, —FRAE SR T HEAT DA S0k B B AR
Bl EBRAIEMCET 7 RGREY, TS R, 0o s B 7 S RS T R A e
PREOEZEODER, WA ER NEAT . ARER I N B S . W LS RIS IR K 2 R
PRI Vs A& B I T I RAERRVE AT HEAT , AT EON S T VeI YE Th A B ROBREY T, It S T
R 15 VI HEAT IS WE /] AN B R T W B e 2K BE T R T A T AR ™ i ik B Gl A il B EAT

3.2.2 Physical-Chemical aspects

There are four principal cleaning input parameters that can be varied for each step in the cleaning process. These
four parameters are typically referred to as TACT (Time, Action, Concentration and Temperature). These four
variables are interrelated and have a direct relationship on the success of each phase in the cleaning cycle. For
example, cleaning agents may be heated to increase their effectiveness.The effect of each of these variables on
soil removal should be determined, and acceptable ranges should be established as part of the cleaning
development effort (soil type and condition are additional inputs that are discussed in Section 3.5).

3.2.2 B TIH

THEREF M EEOS 4 MEEMASE, ZUANSHCE R Ry TACT(N IR, 2hiE, WA AGRE), X
VU HOE EARBR R, Hax i A o B — B BB ST AR Bk &R, B, B e 3o o 5 v 77
BN AR iR 75 BE D o ORI W S BN AR B 7 0 8, 1SV S8 AT 2 u B i s R PP TR TR (5
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PR BB @ W 3.5 FD BT,

Time is defined as the length of time for the cycle step. There are two typical methods for defining and measuring
time during a cycle step, direct and indirect. Using the direct method, a cycle step counter that is part of the
control system is used to measure the cycle step time. Time also may be measured indirectly. For example, for a
rinse step, volume is sometimes tracked instead of time because the volume and flow rate define a time. For
finalwater rinse, it is also common to add additional requirements, such as a specified conductivity level.

I (B4 e ORI VR IR T KA. 72— NMETE TR, ATDCR A PIAT Aok AT & SCRIl & B 3%
Slagak, EREn, w6 R G b i E i SO0 ). R DU R REE I S E], N, AR
PRI, A IR P A RRACE DB TR), R Dt o A AR R P DA € I ) TR pPiek, Eril 4
HEIIESR, .

Action is the mechanism used to deliver the cleaning agent. This mechanism may be characterized as soak,
scrubbing, impingement or turbulent flow. Agitation enhances the chemical actions of the cleaning agents and
helps to increase the effectiveness of the cleaning process. Manual cleaning typically includes soaking or
scrubbing as the action to achieve cleaning. Automated cycles typically employ impingement and/or turbulence as
a cleaning action. The type of cleaning action should be identified for each cleaning process. The velocity (flow
rate) of the cleaning and rinse fluids traveling through the equipment is an operational parameter that should be
specified and verified at each step 8 © 2010 Parenteral Drug Association, Inc. Technical Report No. 49in the
cleaning process. Spray devices have minimum and maximum flow rate requirements, and piping should be
flushed at a speed sufficient to assure adequate flooding and turbulence.

SERE SONTEREFIRRARSIE . iR, ek, ohili, Wii. ahBeNs it mis b A EAEE T2
FIROR . MR T TR B A FIRIEAEYE, DUERERERCR . B a7 18 5 R A s A /s i e
THENE . TR ISR . ORISR A SRR A WS I I EE S, BZ/eERELZ
AR D BRI IR B FHEAT BN o VAR 25 B B SR KA R /MU B R . BT B R B A ORI B
Tt o

Cleaning agent concentrations directly affect the success of the cleaning process. Cleaning chemicals areavailable
in concentrate forms that are diluted and used in cleaning cycles. Effectiveness of the cleaners may be related to
their concentration. Too little cleaning agent might result in failure to remove the soil from equipment, and too
much detergent can result in difficulty in removing cleaning agent residues, requiring excessive rinsing. In general,
the greatest effectiveness of alkaline cleaners is achieved atelevated temperatures with agitation or turbulence
overextended periods of time. Although there is somerisk of denaturing residual protein onto the surfaces of the
equipment at high temperatures, thereby makingit more difficult to clean, it is typically minimized by performing
an appropriate pre-rinse at ambienttemperature prior to the caustic chemical wash. Chemicals are also costly,
both in their purchase and disposal, thus determining the correct concentration of cleaning agent required to
ensure cleanability is

important. The addition of a cleaning agent to an automated system must be designed for reproducibility.
Regardless of the method of addition, confirmation of the cleaning agent concentration

helps verify consistency. For automated cleaning processes, the easiest means to verify cleaning agent
concentration for highly alkaline or acidic cleaning agents is by conductivity.

T IR BT EL S A AR 2 TR REE ) o LS e TE AT DU IR AL, Mke e i . T RCR 515
TE AR A R R o TR D, PTREE AR ROR, (EFHRZ, oK B H5BE mT Re s DL R,
I AT KB B TR, 0T B I Vi 7RIk 3 e (T v RROR I 751270 DR AE S PEIRAS TN 3 il B2 B
SEA AL e A SR I ] . BRI R W] BE S B s IR T AR R B R R RIS BOEMERE
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A process should be in place to detect anomalies in detergent concentration based on the mechanism bywhich
chemical makeup is performed. For example, some systems control chemical addition by volume and use
conductivity as a confirmation. An alarm would be triggered if the conductivity is outside a preset range. The
allowable range should be supported by cleaning development data.
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Selection of the cleaning agent should consider various aspects, including soil type, ease of removal, and need for
chelating agents.

T AR AT Z S, R YRE, KERIESERE, fOHEEST.

The optimal temperature ranges will vary for the different steps of the cleaning process. Initial water rinses are
typically performed at ambient temperatures to minimize denaturing effects on proteins and maximize the
dilution effects. Cleaning agents are typically heated to increase their effectiveness. Final rinse water steps may be
performed at high temperatures to increase both the drying rate and the solubility of any process or cleaning
agent residues.
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3.3 measurements used to determine Cleaning effectiveness

Cleaning effectiveness may be determined by the inspection and analytical methods described in Section6.0. They
include visual inspection, analytical technique for measuring removal of manufactured product,cleaning agent,
bioburden and endotoxin. Depending on the purpose and the design/development phase,these may be on-line
measurements and/or may be off-line measurements of rinse or swab samples.
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3.4 equipment and Plant design Considerations

3.4 W) Rt RS

3.4.1 Piping

Piping of the equipment being cleaned and of the CIP skid should be sloped continuously to ensure maximum
drainability of the lines. If supply and/or return loop headers are used, the loop must be designed such that liquid
flows in both parts of the loop at adequate speeds. If this is not achieved, one part of the loop may become a
functional deadleg.9 Technical Report No. 49 © 2010 Parenteral Drug Association, Inc.The pressure drop in the
piping also needs to be considered. The CIP skids are often located remotely from the process area, and the length
of the distribution piping results in a total pressure drop that can be significant. The greatest challenge is sizing the
distribution piping when the supply flow rate set points in the system vary by more than twofold.
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3.4.2 automated vs. manual systems

Use of automation provides consistent and robust control and monitoring of CIP cycles and parameters(such as

time, flow rate or pressure, cleaning agent concentration, and temperature). Manual systems require more

detailed operating instructions and increased operator attention during use.

3.42 HINEWH ST L5
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3.4.3 Centralized CIP vs. discrete Cleaning of Isolated equipment Centralized CIP systems can provide a single

location for handling cleaning agents and can reducing the plant requirements for cleaning-related equipment

(pumps and tanks) and instrumentation. However, centralized systems often require more complex piping designs

and may complicate desires to segregate parts of the process (e.g., upstream and downstream operations or pre-

and post-virus removal steps in mammalian cell processes). Some process equipment (e.g., reusable membrane

systems and chromatography columns) may require special cleaning agents that are different than those used for

the rest of the process equipment. For these systems, discrete CIP or CIP systems (including portable CIP systems)

that are integrated into the process skids may be desirable.
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The design of centralized CIP systems should consider the potential for carryove o product residues between

process steps, between products being manufactured concurrently in multi-product facilities, and between

different products after a product changeover. To address the potential for product carryover, central CIP systems

are often dedicated to one part of the manufacturing plant (e.g., upstream through product clarification steps or

one process train in a multi-train plant).
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3.4.4 Clean out of Place (CoP)

Small parts, containers, and other portable process equipment that are difficult to clean in place are often

disassembled and cleaned in COP stations, washers or baths. Where COP is used, care must be taken in handling

the parts after cleaning and in identifying parts for correct reassembly. COP may be performed in automated

washers or baths or by manual cleaning.

3.4.4 B (COP)
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3.5 soil evaluation and Categorization
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.5.1 soil Categories

There are a large variety of substances that contact process equipment surfaces during the manufacture of
biopharmaceutical products. They include: fermentation and cell culture media; cells and cellular products, such
asproteins and nucleic acids; organic and inorganic acids, bases and salts; process additives, such as antibiotics,
surfactants, glycols, polyamines, sugars, plant or animal hydrolysates; and cleaning agents such as detergents,
acids and bases.
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3.5.2 soil Removal

Soils may be removed by physical and/or chemical means. Physical removal may be accomplished by the diffusion
of soils away from the surface (static soaking) or by convection, whereby energy from cleaning solution flow is
used to transport soils into the fluid stream. Physical removal is dependent on soil size and its degree of adhesion
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to the equipment surface.

3.5.2 {5 L BR
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Chemical cleaning mechanisms include solubility, emulsification, wetting, chelation, dispersion, hydrolysis and
oxidation. Cleaning agents are generally chosen for their ability to removeprocess soils by one or more of these
mechanisms. In some cases, multiple cleaning steps may be used in

order to take advantage of different chemical cleaning mechanisms. For instance, alkaline detergent for
solubilization and emulsification may be followed by a sodium hypochlorite solution for the oxidation of protein
soils. It should always be kept in mind that the more aggressive the cleaning solvents are (e.g., sodium
hypochlorite solution), the more corrosion might occur. The right choice of materials

for cleaning purposes is part of the engineering phase.
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Factors affecting “cleanability” also include the surface type, the surface finish, the surface geometry,11 Technical
Report No. 49 © 2010 Parenteral Drug Association, Inc.the soil type and the soil level. Process surfaces typically
encountered in biopharmaceutical manufacturing equipment are listed in Table 3.5.2.
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Surface finish also affects

the removal of soils. Rough surfaces provide more area for soil contact and may contain cracks and crevices that
are difficult for the cleaning agent to penetrate. Therefore, the interior surfaces of stainless steel process
equipment are typically treated (e.g., electropolishing) to smooth and polish rough surfaces.
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The easy with which a soil is releasedfro the equipmentsurface by one of the mechanisms described
abovedetermines its cleanability. Soil response to a particular cleaning mechanism may influence the choice
ofcleaning agent and cleaning conditions. Attachment to surfaces can be by a combination of van der Waalsforces,
electrostatic effects and other forces. The time that the soil resides on the equipment can alsoinfluence the
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difficulty of soil removal. Fresh soils are generally easier to remove than soils that have beenallowed to dry on the
surface. The planned time between soiling and cleaning must be considered whendesigning the cleaning studies
to simulate the dirty hold time with coupons.
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High soil levels can complicate removal by saturating the cleaning solvent or by depleting surfactants orother
components of the cleaner (e.g., oxidizers or emulsifiers). This may limit the minimum cleaningvolumes and
should be considered in cleaning cycle design when high soil levels are anticipated.
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3.5.3 Cleaning Comparability Based on soil and surface

Laboratory testing often includes screening a matrix of soils and relevant process surfaces. Screeningexperiments
are designed to test soil removal capability using representative soils (Table 3.5.1) andcoupons of relevant surface
materials (Table 3.5.2). Cleaning conditions can be selected based on theresults for the soil-surface combination
encountered in the production equipment.
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3.5.4 soil selection for laboratory evaluations

Care should be taken in the choice of soils and soil conditions used for the selection of cleaning agentsduring
laboratory evaluation. The soils should be representative of the soils on equipment in themanufacturing plant,
including the chemical and physical (dried, baked) nature of the soils.
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Solutions or suspensions of soils selected for experimentation are generally coated on

coupons representing the process contact surfaces and are dried to simulate the soil condition on theprocess
equipment prior to testing for removal with cleaning agents. The representative soils generally49 © Inc. 17should
include conditioned culture media and the product solution. Other relevant soils may also beincluded, as
mentioned above and outlined in Table 3.5.1. The number of representative soils will varywith an organization’s
experience and history as well knowledge about the content and cleanability of thevarious process steps
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3.5.4 soil selection for laboratory evaluations

Care should be taken in the choice of soils and soil conditions used for the selection of cleaning agentsduring
laboratory evaluation. The soils should be representative of the soils on equipment in themanufacturing plant,
including the chemical and physical (dried, baked) nature of the soils.

Solutions or suspensions of soils selected for experimentation are generally coated on coupons

representing the process contact surfaces and are dried to simulate the soil condition on the processequipment
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prior to testing for removal with cleaning agents. The representative soils generally shouldinclude conditioned
culture media and the product solution. Other relevant soils may also be included, asmentioned above and
outlined in Table 3.5.1. The number of representative soils will vary with anorganization’s experience and history
as well knowledge about the content and cleanability of the variousprocess steps.
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3.6 Performing Cleaning development experiments

Biotechnology processes generally involve product contact with a variety of materials (Table 3.5.2).Laboratory
evaluation of the interaction between product and surfaces can be performed using test coupons made of the
surface of interest under simulated cleaning conditions. Based on the process details, appropriate materials of
construction with the appropriate surface finish characteristics should be selected for use in lab-scale cleaning
experiments. To minimize the number of experiments, it may be sufficient to include only those surfaces that are
expected to be the most difficult to clean (based on prior knowledge and risk assessment tools). Stainless steel
coupons are the most common choice, as they represent a majority of equipment surfaces in a production facility.
Non-electropolished stainless steel coupons with a representative or worse surface finish compared to vessel
surfaces may be preferred for lab evaluations.

3.6 BEATIGIEIT AL

EVIEAFE— 2P S B F 7= SRR AR (R 3.5.2) o SIS 677 Sl RN 2R T2 IR1AH ELA FH B P4
A CAFEASADL A 7 S A A A R, i AE AR DGR T 58 e BE T 2047, 78 S =8 AR I 7 it S S A
P R DG FE R AR A& B R Oy 7R E D SRIe 8, R IR i v R 1 (T EA
PR KPR D BTS20 R ). AEANSRIR AR S i WAL HE, ROV EAMRER 1 A4 it h 2 4L
WK A TR, FACRIER RIS B Z ORI, AT Re & H T Sei = o7
fitie

Preparation of coupons typically involves the use of a cleaning regimen in order to ensure that all couponsare
uniformly cleaned at the start of the experiment. This also helps to ensure that any foreign material deposited on
the coupon surface during the fabrication process is removed to minimize any interference with the process soils
or cleaning agent. The coupons are then completely dried before spotting them with soils, which may be the cell
culture/fermentation fluid, harvested cell culture fluid, bulk drug active, and/or the final drug product formulation.
It is important that the spotting of liquid onto each coupon be kept consistent to minimize experimental variability.
The coupons are then dried for a fixed time to simulate the soiled equipment surfaces at the time of cleaning
before they are subjected to the lab-scale cleaning process. That fixed time is generally the desired dirty hold time
or a longer time.
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The purpose of the experiment could be to make one or more determinations related to cleanability: comparison
of the various materials of construction for a given soil, comparison of different process streams for a given
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surface, comparison of different cleaning conditions (such as concentration of cleaning agent and temperature),
comparison of different products for the same process step and surface, or a combination of these. The outcome
of these studies can be analyzed to create the “design space” for cleaning. In any case, it is important that the
performance of the cleaning process in the lab represents the performance in the pilot plant or larger scale
process. Key operational parameters, such as temperature, time, mode of action and concentration, are controlled
to mimic what is used in the manufacturing plant. If it is difficult to simulate the actual process conditions in the
lab, conditions representing a worst-case scenario should be employed. The laboratory studies can also be used to
challenge the cleaning process by modifying different variables of the cleaning process to further outline the
design space. Evaluation of performance for cleaning design space studies can utilize the various analytical
methods listed in Section 6.0.
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3.6.1 Parameter selection

A variety of parameters can impact the performance of a cleaning regimen. These include the nature and strength
of the interactions between the product and the surface; the nature of the interaction between the cleaning agent
and the soil; time (dirty hold time, time for each cleaning cycle); cleaning agent and concentration; temperature;
cleaning action (flow properties, e.g., stagnant, laminar or turbulent, and pressure; and properties of the liquid
(ionic strength, pH, components, viscosity, density, etc.). All of theseexcept the cleaning action are independent of
the equipment. The selection of parameters to be examined in an experimental study should be done on a
case-by-case basis. The larger the number of parameters that need to be evaluated, the more the number of
experiments that are required to understand the impact of the parameters and their interactions. On the other
hand, if too few parameters are picked, the resulting conclusions in terms of identifying the important operational
parameters and their ranges are likely to be erroneous, since important effects might be ignored. Use of a risk
analysis tool, such as Failure Mode and Effects Analysis (FMEA), may assist in prioritizing the various operational
parameters for further examination (See Section 10.0 on Risk Management). Single

parameter studies that vary one parameter at a time can be designed to identify the parameters that have
significant impact on the performance. One such study, conducted at bench scale, reported the concentration and
temperature of the cleaning solution to be the parameters with predominant effects. (7) As discussed in the
following section, single parameter studies can then be followed by Design of Experiments (DOE) to investigate
the interactions between these parameters. Alternatively, if only a few parameters need to be examined, just
performing a DOE to measure both the main effects and the interactions may be more resource and time efficient.
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3.6.2 Parameter Interactions

The use of DOE-style experiments helps to determine the effect of varying individual parameters on cleanability,
as well as provides an indication of their interaction. Statistical tools including regression analysis, leverage plots,
response surface analysis and interaction profiles can be used to study both main and interaction effects.
Relationships and interactions between such parameters as the temperature of the cleaning solution and the
concentration of the cleaning agent may be determined. Such DOE analyses can be used to construct a
multi-parameter design space for the cleaning process and to establish the ranges of operational parameters that
provide acceptable cleaning process performance. Using existing knowledge and a risk-based approach, cleaning
experiments can be reduced or eliminated, for example, for transfer of a manufacturing process from one facility
to another.
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3.7 Cleaning Process scale-up

Following the selection of cleaning agents and cleaning conditions (such as temperature, contact time,cleaning
agent concentration and flow stream hydrodynamics) from historical plant data (if available) and laboratory
development work, the cleaning process can be implemented for use on larger scale manufacturing equipment.
Determination of soil and cleaning agent residue removal is generally performed prior to formal cleaning
validation. Adjustments to cleaning conditions may be made during the scale-up process based on plant
experience and laboratory development studies.
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3.7.1 setting Process Controls

It is both prudent and consistent with current CGMP to establish control ranges for the cleaning process
operational and performance parameters. Operational parameters for CIP include: Dirty hold time for equipment
(time between use and initiation of cleaning) Flow rate and/or delivery pressure of the cleaning stream (proof of
flow for any parallel flow paths) Cleaning agent concentration Duration of each step in the cleaning process (by
time or volume) Temperature of cleaning agents and rinses Air flow verification during any water removal or
drying steps Instrumentation for each of these parameters should be included in the system design. Alert and
action levels can be set for each parameter in order to maintain proper operation. Alert levels may be set based
on expected variability of the equipment and instrumentation in the CIP system. Action levels should be set at
values that permit adjustment to the equipment to avoid jeopardizing acceptable operation. Both alert and action
levels should be within the acceptable ranges for each parameter. It is also reasonable to establish check times,
such that an alarm notification will occur if parameters do not reach their set points (e.g., volume flow,

Page 19 of 95




IE5GT D ER

conductivity) within the specified time. Performance parameters should also be evaluated during scale-up.
Performance parameters may include: Final rinse water conductivity Final rinse water TOC Final rinse water
bioburden Final rinse water endotoxin
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3.7.2 Introduction of New soils to a Validated Cleaning system

Once cleaning processes are successfully operating in the manufacturing plant, they are monitored to ensure soil
removal remains effective. When new products or significantly different raw materials are introduced to the plant,
a system must be in place to ensure that the cleaning process will remain effective. Generally, the cleaning
effectiveness of the existing system for new soils can be tested by performing laboratory experiments using
coupons of relevant materials (see Section 3.6 on Lab Development). These experiments can be designed to test
both the effectiveness of the proposed cleaning regimen and the relative difficulty of cleaning the new soils
compared to soils that have already been introduced to the plant. If the new soils are easier to clean than the
most difficult soil already being cleaned, introduction of the new material using existing cleaning procedures can
be made with confidence. If the material is more difficult to clean than any of the present soils, some
modifications to the current cleaning process may be

required, and cleaning validation is an expectation. However, if the new soil is easier to clean, then the number of
confirmatory runs needed (if any) is determined based on a risk assessment.

Each organization should have its own system for maintaining effective cleaning after the introduction of new
products or raw materials.
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3.8 applying the “design space” Concept to Cleaning Processes

“Design Space” is the multi-dimensional combination and interaction of input variables and process parameters
that have been demonstrated to provide assurance of quality. The design space concept has been introduced by
the ICH (4) to describe an approach to the development and control of pharmaceutical manufacturing processes.
An analogous approach can be applied to cleaning processes. The cleaning design space for a manufacturing
facility is defined through a risk- and science-based approach relying on cleaning process knowledge,
product/equipment knowledge, regulations and quality practices (requirements). Similar to manufacturing
process development, control and validation, cleaning process operational parameters (inputs) can be controlled
to ensure predictable and acceptable performance as evidenced by appropriate measurements (outputs). The
cleaning design space is represented by the range of each of the operational parameters that results in acceptable
performance of the cleaning process. Steps in defining the design space for a cleaning process may be slightly
different from steps taken to

define design space for a manufacturing process, in that the design space for a manufacturing process is unique to
that process (a fermentation, for example). However, many biotechnology manufacturers may want to design one
cleaning process for a specific equipment train that is used, regardless of the manufactured product. This may be
accomplished by identifying the “worst-case” soils and defining the design space around cleaning process
performance using these soils.
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Specifications are developed to support the design, installation and operation of the cleaning system.Risks are
identified and assessed for impacts to safety and cleaning effectiveness (e.g., severity,probability of occurrence
and detectability). Parameters may be categorized based on their level of criticality, with the most critical
parameters monitored closely so that the cleaning operation can be repeated if parameters are not kept within
their predetermined ranges. The criticality of cleaning process operational parameters is based on laboratory
studies that document the influence of each parameter on cleaning effectiveness. Cleaning effectiveness is
influenced by the following factors: soil type or family dirty hold time equipment and contact surface type and
finish cleaning technology and functional specifications for the cleaning process
This information is used to drive the design requirements for the cleaning method. Cleaning validation supports
the worst case range of testing. Field conditions such as the lowest flow rate, least concentration of cleaning agent,
minimal contact time, minimal process temperature, and longest dirty hold time are conditions that are
considered when developing an effective cleaning process. The assumption is that any cleaning process that is
performed within the space defined by these conditions will be effective, reliable and consistent.
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A soil evaluation (characterization) study is performed prior to the introduction of any new process into
manufacturing. These studies support the design space for the range of soils that will be cleaned from the process
equipment. The characterization study is conducted with material that is representative of the process or a soil
that represents the worst-case condition. For example, it is typical to use harvest material for this purpose, as it is
the most complex and concentrated form of bioprocess soil. The soil type selected for a characterization study is
dependent upon the impact to the manufacturing process. If a soil does not

react as expected following exposure to a cleaning agent, alternate cleaning solutions should be evaluated.
Cleaning operational parameters (inputs) should be monitored to assure compliance with the established

design space. Operational parameters may be set within the design space. Setting operational parameters

with tighter ranges than allowed by the design space provides some flexibility in addressing deviations of
operational parameters outside the control ranges.
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B T HON G R AR RSN o A0 SRS QA BRI i 5 i (07 e VD EAT TR SO, BTl B A TS Vs
o WEBRESE G ) NMEHTIRI, DUSOR S @SB S B — B A S HOR E B R A E] S
FROYE B BE A, AR IR S MRV I, D9 Z AR T — e i R s

4.0 Acceptance Limits

Cleaning validation is performed to demonstrate the effectiveness and consistency of a cleaning
procedure. The rationale for selecting limits for product residues, cleaning agents and microbial
contamination, as well as any other process components, should be logically based on the materials that
impact the manufacturing process and the safety and purity of the product. The acceptable limits for
cleaning manufacturing systems and components should be “practical, achievable and verifiable.” (8)
Limits for cleaning validation generally contain some measure related to the active protein (or other
major component of interest), some measure related to the cleaning agent, some measure related to
bioburden levels, some measure related to endotoxin levels, and a requirement that the equipment be
visually clean. In addition, if there are any specific toxicity concerns related to the active protein or other
process components (for example, cytotoxicity, allergenicity, or reproductive hazards), the manufacturer’s
toxicology or pharmacology groups may determine if a modification of limits is required, or whether the
use of dedicated equipment is needed.

In the discussion that follows, issues for limits are considered based on the nature of the residue and on
the stage of manufacturing (e.g., bulk active vs. formulation/fill). Manufacturing stages include bulk active
manufacturing (all steps resulting in the bulk active drug substance) and formulation/ fill (formulation of
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the bulk active into a finished drug product and primary packaging of that drug product). Bulk

manufacturing is further divided into upstream process steps (all process steps through harvesting) and
downstream process steps (purification and following steps).
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4.1 key Issues in limits for actives

Biotechnology cleaning processes often involve a change of the active molecule itself, which is commonly

a protein. Proteins typically are degraded to some extent by the cleaning processes commonly used in
biotechnology manufacturing. The most important mechanism for degradation is summarized below.

In alkaline solutions, such as hot, aqueous solutions containing sodium or potassium hydroxide, proteins

may hydrolyze to soluble oligomers or free amino acids. Ester groups on actives may be hydrolyzed to an

alcohol and a fatty acid. A common example of this is saponification of fats and oils to glycerol and fatty

acid anions.

Sodiumhypochloriteissometimesusedinbiotechnologycleaning.Asacleaningagent,itisparticularly effective

in removing denatured protein residues from surfaces. It is a reactive oxidizer which will degrade proteins

in a more random manner to smaller fragments. A general concern with sodium hypochlorite use is its
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possible deleterious effect on stainless steel components. Therefore, it is critical that the rinse cycle

following the use of sodium hypochlorite is adequate enough to remove any residual chloride ion before

adding the subsequent acid wash.

Proteins will hydrolyze at a high pH. The parameters of time and temperature have a significant influence

on protein hydrolysis. Therefore, the higher the temperature and pH, the more extensive protein

hydrolysis will occur. Because the protein is typically degraded into smaller fragments and those

fragments tend to be more polar, they are likely to be more water soluble and more readily removed from
equipment surfaces during the washing and rinsing processes. A second effect after protein exposure to

high pH solutions is a possible irreversible, significant decrease of biological activity due to hydrolysis.
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Degradation of the active can be demonstrated in a laboratory study by exposing the active to the

cleaning solution under simulated cleaning conditions (or less stringent conditions) and performing

analytical and/or biochemical tests on the resultant mixture.

For these reasons, in most cases biotechnology manufacturers do not directly set limits for and directly

measure the active in cleaning validation. Because of the degradation of the active, no active protein

should remain after completion of the cleaning process. It is for that reason that analytical methods like

TOC (see Section 6.0) are used for the detection of protein residues (or their fragments). If a nonspecific

method like TOC is used for the correlation to residues of the active, it should be noted that the “real”

value of protein residues after cleaning may be significantly lower, as TOC measures all sources of organic

carbon (and not just residues from the active protein).
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4.1.1 establishing limits for actives in Formulation and Final Fill

In biotechnology formulation/fill manufacturing, limits for protein actives are typically set using a

carryover calculation (often called MAC, or Maximum Allowable Carryover) in the same way as for small

molecule cleaning validation. Though the product is degraded (as discussed above), the calculations are

based on active product. This is assumed to represent a worst-case approach if the cleaning method used

in formulation/fill results in degradation of the protein active to fragments. Such calculations may be

revised based on degradation considerations.

This method only applies when the therapeutic daily dose is known. For products dosed chronically, a

typical calculation allows no more than 1/1000 of the minimum daily therapeutic dose of an active in the
maximum daily dose of the subsequent manufactured product; the factor of 1/1000 may be modified

depending on the specifics of the situation. In addition, if that calculation allows more than 10 ppm of the

active protein in the subsequent drug product, a limit of 10 ppm active protein in the next drug product

may be utilized. Similar criteria are included as examples in the both the U.S. FDA

(8) and PIC/S guidance documents. (9)

Limits per surface area can then be calculated based on the minimum batch size of the next drug product

and the shared surface area. Limits in swab and/or rinse samples can then be calculated using the

sampling parameters.

When this method is used for setting limits, the limit for the active is calculated. It can then be converted

to appropriate units for the analytical procedure to be utilized. For example, if the analytical procedure is

TOC, the limit calculated for the active is converted to TOC based on the TOC content (percentage) of the

active.
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An example carryover calculation for formulation/fill is given as Example 1 in Section 15.0 of the

Appendix.

It should be noted that limits based on carryover calculations are one example of a “science-based”

method of setting limits. Some companies choose to set limits based on more stringent criteria, such as

the WFI TOC specification of 500 ppb TOC. Such an approach is acceptable, but should only be used if it

can be demonstrated that the WFI TOC specification is more stringent than the TOC result, as determined

by a carryover calculation.
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4.1.2 establishing limits for actives in Bulk manufacture

Carryover calculations used for formulation/fill are typically not applicable for bulk manufacture. The

primary reason is that if the carryover calculation is based on the entire equipment manufacturing train

surface area, limits are extremely low and are not measurable by available analytical techniques, unless

the active is not degraded during the cleaning process. As previously discussed, the active protein is, in

almost all cases, degraded by the cleaning process. Therefore, even though typical specific assays for the

active can measure the active at very low levels, those assays are not useable when the active is degraded.

As noted above, the residues of the active are generally measured “indirectly” by measuring a property

like TOC (for purposes of this report, TOC will be used as an example of such analytical methods, although

assays like Total Protein could also be used). Typical quantitation limits for TOC for cleaning validation

purposes are on the order of 100-500 ppb carbon, which is equivalent to about 200-1,000 ppb protein for

proteins containing about 50% carbon. Therefore TOC cannot be used as an analytical method if limits are

based on a carryover calculation using the surface area of the entire equipment train.

Some companies choose to use a carryover calculation for a limited surface area, such as for the last
manufacturing vessel or for all of the manufacturing equipment after the last purification process. Such a
modification may result in a carryover limit, which possibly could be measured by TOC. One rationale for

such an approach can be found in ICH Q7, Good Manufacturing Practice Guide for Active Pharmaceutical
Ingredients; Section 12.7 of the guide says that early processing steps do not require validation if

subsequent processing steps remove those residues. (10) The various processing steps after fermentation

and processing, including chromatographic purification and ultrafiltration, can be expected to remove
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those residues of the active from earlier cleaning steps, since those residues are typically smaller

fragments. This generally has not been demonstrated for a specific active but is a reasonable supposition

based on an understanding of degradation and the various purification processes utilized in a given

manufacturing process. Inactivation of active protein can be considered in carryover calculations with

rationales. This results in a conservative limit, because it is assumed that the degraded fragments have
significantly less pharmacologic effect and/or safety concern compared to the native protein.
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Because of these measurement issues, and because of the degradation issues, a more common technique

for setting limits for residues of the active is based on process capability. This is not a true process

capability study, but is based on what has been and can be achieved by conventional cleaning procedures

in biotechnology manufacturing. These limits are typically based on the TOC values of any sample,

whether rinse or swab. As a general rule, the limits may be more stringent following the purification

process. TOC limits upstream are typically less stringent, because the product cleaned
fromtheequipmentsurfaceshasmoreextraneousmaterials(suchascellularmaterials).Typicalvalues

established as acceptance criteria by manufacturers are 1-2 ppm TOC for downstream processes and 5-10

ppm TOC for upstream processes. As in other cleaning validation protocols, it should be noted that typical

values achieved are significantly below established limits.

Exceptions to this practice are for product-dedicated materials like ultrafilter membranes and

chromatography resins. These are part of the downstream processing, but limits may be set higher. This

higher level is acceptable when these items are dedicated to the manufacture of only one product.

An example carryover calculation for bulk active manufacture (assumes the entire manufacturing train is

the shared surface area) is given as Example 2 in Section 15.0 of the Appendix. The purpose of that

illustration is to demonstrate the low (and unmeasurable) TOC values that are achieved in such

calculations.
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4.1.3 limits Based on Toxicity data

An alternative to establishing limits for the active for either formulation/fill (Section 4.1.1) or bulk

manufacture (4.1.2) is to establish limits based on toxicity calculations. These toxicity calculations for the

active are similar to toxicity calculations for cleaning agents covered in Section 4.2.1. Toxicity calculations

typically involve the use of the short-term toxicity data for the active, ultimately to arrive at an ADI

(Acceptable Daily Intake). Calculations should preferably be based on toxicity data by the same route of
administration (such as intravenous studies if the drug product is given by injection). If the data are based

on oral toxicity, additional safety factors may be required for the cleaning of injectables. As a general

observation, such calculations for actives based on safety considerations generally result in higher limits

as compared to calculations based on dosing. Furthermore, if the active protein is degraded, the more
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relevant toxicity data is not the toxicity of the native protein, but the toxicity of the degraded fragments,

which is often assumed to be less of a safety concern (although toxicity studies on degraded fragments

are typically not performed).
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4.2 limits for Cleaning agents

Limits for cleaning agents will also depend on the stage of manufacturing (formulation/fill vs. bulk active
manufacture). Typical cleaning processes for biotechnology involve either a caustic wash followed by a

phosphoric acid step, or an alkaline detergent followed by an acidic detergent. Each of these situations

will be handled separately.
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4.2.1 limits for Commodity Chemicals

If only commodity chemicals such as sodium hydroxide and phosphoric acid are used for cleaning, it is

common practice to set limits for these indirectly as a conductivity value. Preferably, an acceptable level

of sodium hydroxide or phosphoric acid is established based on toxicity carryover calculations or based on

the effects on process parameters. The conductivity limit is then set at a level equivalent to that

concentration at a specified temperature. It is typically the case that the conductivity limit established in
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this way is well above the conductivity limit for WFI at the same temperature. Therefore, limits are based

on either WFI specifications or on a slightly higher value (such as 5 uS/cm). The rationale for this is that it

is more stringent than the “scientific” calculation allows. Furthermore, in many cases, phosphate ions

and/or sodium ions may be part of any subsequently manufactured product. Therefore, carryover of small
amounts is not significant. It should also be noted that calculations based on toxicity of the commodity

chemicals are extreme, since sodium hydroxide is not carried over into a final product as sodium

hydroxide, and phosphoric acid is not carried over into final product as phosphoric acid. If such chemicals

were carried over intact at high concentrations, process checks (such as a significant change in pH) would

also cause a non-conformance. Thus, the purpose is not to confirm compliance with WFI specifications,

but rather to confirm low amounts of a cleaning agent. The rationale for allowing a conductivity limit

slightly higher than the WFI limit is that the WFI limit applies to water in the recirculating WFI loop. As

soon as the water is taken out of that loop and passed through clean equipment (particularly through

spray devices where it can pick up carbon dioxide from the air), there is no expectation that it will

necessarily meet the WFI conductivity limit.
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0 B 1/ A B - T B B O RS S R . R, DB B . BRI, T
A AR B PR TH AR LU B 1, RO S AN AN 2 DL T 205 G B B 1 7 iy, T
PR AN 2 AR (1 375 e B 2477 i (Y o An SR IZ e 2P ot DLk 2 e B s e 1ok, i T2k s (X
FEGIEE PH MEZEBN) M RNXFATTEME. Bk, HFREAZRSES KR HE—S 2
N MBARHIE A S i T VR 3 3R B B s TV F /K R BE O SR R, A S FH 7K AR PR R I o
T B B EIAES K. — BRI E B B /K ORI I v e OUH 2 8 i ik e B INH & m] DA
AP A ), AEHEE - ESL WR BB SRRE,

4.2.2 limits for Formulated Cleaning agents

For formulation/fill manufacturing, limits for residues of formulated cleaning agents (which may contain a

variety of organic components in addition to inorganic hydroxide) are typically set based on a carryover

calculation using the short-term toxicity (LD 50 ) data for that formulated cleaner. Such toxicity information

may be supplied by the cleaning agent manufacturer or may be calculated using worst-case assumptions

based on an analysis of the formulation components. A typical calculation is given in Example 3 of Section

15.0 of the Appendix. For the determination of the limit in the next drug product, a default value for the
formulated cleaning agent may also be used if it is more stringent than the carryover calculation. That

default value is typically 10 ppm formulated cleaning agent. Note that the only difference between a

carryover calculation for the active and a carryover calculation for the formulated cleaning agent is how

the limit in the subsequent product is calculated — one uses a fraction of a dose and one uses a fraction of

the LD 50 . Once that calculation is performed, subsequent calculations for cleaning agents use the same

formulas as for actives to determine the limit per swab or the limit per analytical sample.

For manufacturing of bulk actives, some of the same issues discussed for limits of actives also apply to

cleaning agents. That is, a carryover calculation considering the total shared surface area results in

extremely low limits, typically not measurable. However, the formulated detergents typically used may be
removed by various purification processes (such as ultrafiltration or size exclusion chromatography) based
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on molecular weight. As with limits for actives, toxicity calculations may be applicable for downstream

processes following the purification steps or for the last downstream process vessel.

4.2.2 AbT7TEE AR

XTI o RehiiG, A7) CRTREAETCHLE A iR IR 2 A LA ) B B & AR BR P E R AR I
FUAEEYE (LD50) vy Gummrt) o XM GORE aT A 1 37 vili 77 ) it o sl 4 A PR TH SR a0 40
P Ll B SRS LRI . XM EE B2 1 BORE T el )3 7 B 08 PR 2k 1Ak 05 B3 A 45 e R R 22 1 D
M5 FEM S 15.0 B9 b S8 =Moo — AN SR T H B O T 1€ T — AN 25007 o B BR A
U AL T7IE R BB T G B v S S ek, e DR . b5 BRI ER A — & 10ppm.
TE RGPS G Rt S5 A D7 IE R Gl B U B 22 A TN R R S YRR TR TR ANR], — A
TR LER, A MHRRESIEE D50 . —HemitsE, BEREE TS 5
WIRIRER A, R BT B AR S BRI o X T SR, i PR PR BE T 9 ) — 2 ] 7t
WEREEH T W vl, &AL ARG R TR R RARH), @R ELE. (HE,
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4.3 Bioburden limits

In considering bioburden limits following cleaning, it is not expected that the cleaning process itself

results in sterile equipment. However, even if the process equipment is steamed in place or autoclaved

prior to manufacture of the next product, it is typically the practice to evaluate bioburden to establish

that the subsequent process is not overly challenged. Achievement of typical bioburden limits for

non-sterile manufacturing (1-2 CFU/cm 2 for surface sampling methods) is considered more than adequate.

For rinse sampling, some companies will utilize typical WFI values (10 CFU/100 mL), while others will

utilize a value of either 100 CFU/100 mL or 1,000 CFU/100 mL. The rationale for the higher limit is that

the equipment will be subsequently sterilized. Furthermore, the WFI value is the value for the WFl in the
recirculating loop; once it is removed from that loop and placed in clean equipment, there is not

necessarily an expectation that it will still meet the WFI value.

4.3 TR

FBENEE S WA, AEBNSE SRR S S RBOG IO RS R . R, B R 34T /e
ALK BB R AE N — 77 A7 BR8P0 PPN A P S BRI R B 5 AR 7 T2 A 2 Pk .
WG S| — AR AR T 2 P S AE Y PR FEARAE (1-2CFU/em2 SRIHTHURE 7577200 il D42 R 08 1 o 4 T el
—He N ERE R A WAL B9{E (10 CFU/100 = Fb) T HA A FKE R A 100CFU/100 Z=FHEL 1,000
CFU/100 ZETFAIE . e B e A IR BE L B2 B ) e A R BB AT K T o B4, WRI BB FE A B R O A O E B P
KAE, — B MR B B IR BB iy, A E B RE L IRAT & B HOVES T /K AR

4.4 endotoxin limits

Endotoxin carryover to the final product is more of a concern after the various endotoxin removal steps.

In those cases, endotoxin is typically measured only in the final rinse water, and limits are set at the
typical WFI limit of 0.25 EU/mL. Prior to the endotoxin removal steps for cell culture processes, it can be
expected that rinse samples should meet the WFI limit. For bacterial fermentation with

E. coli (a gram-negative bacterium which will produce large amounts of endotoxin in the washing step),
meeting the WFI limits following cleaning at the fermentation and harvesting steps may not be achievable.
For that reason, some companies may not set endotoxin limits for cleaning for those steps, while others
will set endotoxin limits but at a higher value, such as 5-25 EU/mL. Achieving such values indicates a
measure of control in the cleaning process, and any possible carryover at those levels should be
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addressed by subsequent endotoxin removal process steps.

4.4 NEERIRE

FENBRAF NP, WIERR R 5 R 2 A RER . XS T, Wil R
FESRE I 7Kg, B FE T 3 8 SV 7K BRiE 0.25EU/ml. FEAHARES SR AR I A 3 3R B BB IR AT,
PR IURE UM N AZ AT S S K BREE o 0 T HR I AT BEAT RO AM bR A 22 IR, AE Pl
RS KREBIINTER) RGP R G G TR e e S FKIREE, RAFTRETEHUN, XA
EF, HEAREE SRR PR ENEERIRE, Bl 5-25 EU/mL. SEHLX —I/K PR BIE T 245 214,
FEARTAEIZ AR b BT RS Gyt B AE B S 1 N B 3R TS RR L PR .

4.5 Visual Clean Criterion

The visual appearance of production surfaces is a direct measurement that verifies removal of residuals.

Visual appearance is not a quantitative method but is very useful to directly verify that production

surfaces are clean. Visual appearance is easy to perform provided there is ready access to the critical

surfaces. It verifies the cleanliness of a significant area of production equipment. Literature indicates that

low levels of residues (if present) are visible and can be detected. As used in biotechnology manufacturing,

a visual clean criterion is typically used with swab and/or rinse testing for residues for cleaning validation
protocols.

4.5 MLHETE AR AE

PR T AN H AL SR B L bR ) — A BT E T B AN H AN —FhE BRI, (ERXT
HIER A RIEEIEE AN .. REFRAET LRIA KRR, SMHMIRE S E. ERemlg
WA EEXE PR . ORI RN (W) R WRFI A g5 it . an[E)2E AR ) 2
ORI A, DN VA v B St TR P A VR S0 E T 58 BRI

4.6 modifying limits

Manufacturers may establish action and/or alert levels on validated processes as part of routine

monitoring. Those values are typically more stringent than the pass/fail limits in the validation protocol.

Based on process capability showing consistently low values and the ability to maintain those values,
manufacturers may perform a risk assessment and consider the use of more stringent limits for future

validation protocols.

4.6 ECPRE

)38 P AT BE S BOLAT S A /EE PR B2, ARy TR M A — &7 XL EEH HIE Ty R &
M/ R PR BESE A4 . KR T 2188 7 B IE SR P AN GEFRRX Be7K - (R RE J7, il i mT BAIEAT XURS: PF
fiti JF- 75 R SR (R B6AIE 7 58 K FH S A R R

5.0 Sampling Methods HUFE /715

It is essential to a cleaning validation program that the appropriate sampling techniques are utilized.

Sampling must be conducted with techniques appropriate for the equipment surfaces and for the nature

of the study, including the analytical methods used. This section discusses types of sampling methods,

sampling recovery validation studies, and the training and qualification of samplers.

FET 175 T B IIE K L& 2 R BORERAR R  BE 0 o BURE I AR P il S R T 1 B 5 1 4% R T AT T A o A
TN, SR T . X BB e TR R A, SRR ERURE [DSCRIE 7T DA SCEURE N B3 35 K
A

5.1 Sampling Method Selection
BURE TR IR

Selection of a sampling method depends on the nature of the equipment and the nature of the residue
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being measured. Sampling methods discussed here are direct surface sampling, swabbing, rinse water
sampling and placebo sampling. It should be noted that while regulatory documents refer to swabbing as

“direct” sampling and to rinse water sampling as “indirect” sampling, it is preferable and more descriptive
to refer to those sampling methods as “swab sampling” and “rinse sampling,” and reserve the term

“direct sampling” for techniques such as the use of visual inspection.
EURE D715 () 8 B B R T 1 4 T A SRS DN B A R0 PR 0T o b AR o PR AR D v i B3R T HOR , LR
M AKIURE L s EON BREORE . (B AR E B ARVEROC M P WA R “H3” BURE, s KR
Bl e “lal” WORE, e rgIORE T an “BiOee” A “ b /K IURE 2 B AT IO B S AP Bl Fid 11
HOR BEOREE “HEERE” ARE, i H Bk .

5.1.1 Direct Sampling Methods B f2HURE /7122

Direct sampling methods (as used in this document) include visual inspection.
EARBREIE RSO R A Bk .

It is a well-accepted practice that a cleaning process should remove visible residues from the production

process off of equipment surfaces. The visual inspection of equipment has limitations in that some

equipment surfaces (e.g., piping) are usually not accessible for viewing. The use of optical equipment like

mirrors or endoscopes, as well as the use of additional lighting, can help to facilitate visual inspection.

T AR B R e R T Lok B T A TN WA, X R AT, R H R B R
PRAE, BOy—Li R (FLaniEiE) w2 A SR G5 T8 WIE Z R EDG A A E S
10 R ) A B AT H DA A

Remote inspection techniques (with fiber-optic probes and a LCD viewing screen) are utilized when visual
inspection by a trained inspector is difficult to perform because of access to equipment surfaces, or when

one prefers to supplement an “unaided” visual inspection procedure.

A2 BRI N 53 BT SR Al v o5 R T 1T AE ABEAT H AN B AN “RZ M R H AR, &
FERARAR (4O RL UL LeD WS M .

Borescopes, fiberscopes, and videoscopes allow visual inspection of hard-to-reach areas. Borescopes have

been used to view the interior of piping and tank welds. Typical benefits of these scopes are that they:

can fit into confined spaces not accessible to operators; are very maneuverable; have additional lighting

attached; and may come with optional magnification and/or zooming capabilities. The major drawback of

these scopes is the complexity of use, controlling lighting/brightness, and that the operator still has to

make the determination if the area viewed is visually clean.

EIENBE, AN B DLAOGE AR SO VENS XE LI B IXCICEEAT H K. 8 BT ] T LS8 A A A
IR AR fe X LEYE [ A SR A . & T HR A N SRR AN RIS P A5 10) s B agdE, BAA R IIF H
HA GO/ BERTHHIBE /). X i Kok i B A, bR/, I HERAE N e
W22 X S 75 BE A% 17 T AT L

A remote visual camera allows operators to view remote areas on a screen. The camera has most of the

same strengths and weaknesses as the scopes, with the added benefit that operators can typically also

record video or take pictures. Multiple operators can, at the same time, view what is on the screen. The

potential to record video and allow multiple operators to view the screen may help support a site’s visual
inspection training program. Pictures printed from the camera may distort the actual amount of residue

present, since operators will typically zoom in on a particular area when taking a picture.

TERE AT RARNL Fo Vr e N RAE B EOE AR X 3. MWL S5 Y FELR A R 7 AH R AR A A 55, 21
MAFRARAEN R REWACRYE R I AN 0 . 2 DR N A BN I M B R R EoR T A4 sl
BREA S Fu VR 2 A 5238 W8 i e ) PT RE M T DA B S35 X HAS I AR e o SR ELARBLEOFT EN A 1B 7 wT RE4HL
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All these techniques, like visual inspection, require an adequate training program.

XA, B B, ZRAA R ZMEIIERF .

5.1.2 Rinse Sampling

MR

Rinse sampling involves sampling the equipment by flowing water over all relevant equipment surfaces to

remove residues, which are then measured in the rinse water. The most common rinse sampling

technique is to take a grab sample from the final rinse water during the final rinse of the cleaning process.
Another option is to fill the entire equipment with water after the cleaning procedure is completed. Then,

a bulk sample is taken and analyzed. A third option is to utilize a separate CIP sampling rinse of defined

volume following the completion of the final process rinse.

MR EBURERE Lo e g BOREE RL UK e Fir A AH R B R I AS BRI B, SR B AE pP K P AT I & . KAy
IR IR B R AR TV R o ) e & gl rhod i B 2 b B K R BB HILAE o 53— A I R A S8 A T
FEFP G, RIKIE BN . R IG, BORER Rt AT 0 b o 28 =N IEFRAA A R P BURE bt e &,
FE B 2 PR 58 S o

Advantages and disadvantages of both methods for CIP rinsing are shown in Table 5.1.2.

CIP MR PR IE AN 53 WA 5.1.2

Table 5.1.2 Comparison of CIP Grab Sampling versus Separate CIP Sampling Rinse

A% 5.1.2CIP A LIURE S A P BORE P A LA

Grab Sampling from CIP Final Rinse

KHE CIP 2 fa] SR

Separate CIP Sampling Rinse

FUP) CIP BUREPR G

Advantages

He

Represents the normal cleaning process X3 1 1E % 175 it i FE

Allows on-line testing 70 VF-1E £k 461

Requires no additional amounts of rinse water ~E23K B i i i 7K

Equipment can be used for further processing without additional steps A~ Zft 2P BE, & & H TP R
s

Results can easily be used for carryover calculations 53 7 F T-ist B 115

Represents what is left on surfaces after the completion of the cleaning process 4% T e G d L f2 54 B
FE 1 3R

More likely to result in an acceptable result if done correctly AR IER5ER, HAAIREF=24E W HZ R4,
Disadvantages

FHH

Sample represents a worst-case carryover to the next batch (but can demonstrate robustness of the cleaning
process)

FEGARTR TR — R R Z R OL R B (E R Re 8 Bl i AR AR E 1D

Utilizes an additional step {i F i 25 5%

Requires additional amounts of rinse water EL3R B i A e /K &

Contamination is possible due to the method of water addition HI - #h 77K

Assumptions need to be made about sampling for carryover calculations il 5E &< Tt B it5 ) BURER 5
PEIANEE S

e
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Online testing not practical E £ A 52fR

A special case of rinse sampling is the sampling of small parts. Those parts may be sampled by swabbing,

but there are two options for rinse sampling. One type of rinse sampling is extraction of the small parts. In

an extraction procedure, the extraction solution (typically water for biotechnology residues) is placed in a

clean vessel. The small part is then placed in the extraction solution and agitated or sonicated for a fixed

time. The sampling solution is then analyzed for potential residues. A second type of rinse sampling for

small parts is typically used for items with an orifice, such as filling needles. In this procedure, a fixed

volume of sampling solution (again, typically water) is passed through the lumen and collected in a clean

collection vessel. The sampling solution is agitated for uniformity, and then analyzed for the potential

residues. Because the surface area and sampling volume are precisely known, limits can be accurately

calculated for such situations.

MUK BURE I — R IR U0 N BORE o SR BURE B — Fh 7 iRl 2 /N R SR . SREUE AR, $EBUR
CEPEAR R B ALK P BB RS . 25/ NIl B SR B I BLAE [ 52 1IN (R 3EAT

REBNECE A A . 2 SRR SV BOIEAT 2 A AT BEAFAE BB B o 0 TN ER AR e EURE O B R 5 1 SR

MTEALORE, ks k. EXMEFT, EERAEGER (K, EERERAD Eid N

i FEAE T R IR WSO A 3 W B o SRR SR, R0 AT BEAELE (R BR B EAT 0T o DRI R 3 T X 4l AT HY

FEEREHA ORI, X TR, RE RS TH IR E .

5.1.3 Swab Sampling IR HEURE

Swab sampling involves wiping a surface with a fibrous material (most commonly). During the wiping

procedure, the residue on the surface may be transferred to the fibrous material. The fibrous material is

then placed in a solvent to transfer the residue to the solvent. The solvent is then analyzed for the residue

by an acceptable analytical technique. The most common fibrous material is some kind of textile (knitted,

woven or nonwoven) attached to a plastic handle.

PEICBUREDS B A FH A b BHE R (M) o USRS, Rk 2 a4 el L. B)S

LM RITBCEAEVE R, KI5 R AT 2 M B S W BT SR B e b

I LF AR LA A R — 225 2300 (BH2AR), BRARREE LMD .

In most cases the swabs are wetted with a solvent prior to sampling the surface. For TOC and conductivity,

the solvent is almost always water. For sampling the same site, companies may choose to sample the

same surface area with multiple swabs in order to provide a higher percent recovery of residue from the

surface. In such cases, the additional swab(s) utilized may be either dry swab(s) or swab(s) wetted with

the same solvent.

KEEOUN, AEXT LML RS 2R 0 IF G IR T ToC AL RT3, IR LT &

FeIK e R RIREAL B BB, 2 F) AT BERE FEEURE [ RE R AR BEAT 2 B0, DASR AR 1 5 s A5 B [l

o FERLEAFLT, A B BINEEHAAT DL 5 B R A IR .

5.1.4 Comparison of Swab and Rinse Sampling 4 0F1 7 e BURE ) Eb 85

Both swab sampling and rinse sampling are listed as acceptable sampling techniques in most regulatory

documents. (8,9,11) Both methods have their advantages and disadvantages, as shown in Table 5.1.4

FERER T BRERSCAT Y, VRIS B IURE RO, BB i B K URE R A1 Y . (8.9.11) o 7

T EA & BRI S, WEKE 5.1.4.

Table 5.1.4 Comparison of Swab Sampling and Rinse Sampling

Tk 5.1.4 BEHUBUREAN e K BURE I B A

Swab sampling

PR

Rinse sampling
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MK HURE

Advantages

2]

Enables the analysis of residues found on the specific surfaces. Includes the recovery of proteins that are

denatured and/or adhered to the surface. & 14752 IR AT R B 8T, 5481

A1/ EORS B 2 E EE [Rl.

Allows for sampling of areas that are more difficult to clean (i.e., worst cases). XXk LAif v A0 X d5 it 4 7 HORE
CHD, ez f5 00

During rinsing, the entire product-contacting surface is wetted. One analysis result represents the sum of all

removed residues for the flow path. Wi REH, 7= S FEfd i) 4

PR TIAGZIR AT . — D as RAGR T PPl R T I B BRI B S A

The sampling procedure does not contaminate the equipment. Re-cleaning is not required after sampling. HUFEit

ARSI G G BURE G A f BE IR T .

This method allows for conclusions on the cleanliness of areas that are not accessible for swabbing. IXFf /5% 7t

VEXSANREREAT B DX I v AR R 2518

Disadvantages

FHH

Only discrete sampling areas can be analyzed, and these must represent the entire equipment; sampling must

include worst-case locations. H A BSHCRFE X Ik BEGE 1% A7, X LL IR

BARRAS BRI R ZE 1 LA B .

The sampling itself can potentially contaminate the equipment. Re-cleaning may be required after sampling. HUFf

A B REME RS B P VAT e o FURE 5 BERBEAT R IKIE T

Some areas are not accessible for swabbing (e.g., piping systems). —SE[XIHSE AN RERF TR, (WEE RS

Only water soluble residues can bedetected. A5 7K VL II5% B #e 0% 4k el o

Those areas that are hard to clean cannot be identified. X 5577 ) X 35AN BE #1251 o

Does not deal with residues that preferentially transfer from one part of the equipment to the next product. /> §&

g A PR B —FR RS e =N — A I

May dilute out the residue to be undetectable by the analyticalmethod. i #T /5% 0] BE 2 M BEbk B8 1 AN GE

il

In cases where the equipment surface is difficult to access for swabbing (e.g., piping), swabbing is not anoption. It

should be appropriately justified that the cleaning procedure is considered effective if swab testing will not be

performed. The following situations will justify a decision to not swab a surface:

FER AR LT BB B 0L (G, B8, BHUTEMA R — M. iU A geg it

17, NOE BT B SRR PO A R . T AR DU U A BEAT R

* Equipment not accessible for swabbing is constructed of the same materials as equipment that allows

swabbing. AN BEME HEAT A e 4 15 BENE HEAT P90 e 2 BT A R O i

* Difficult to access equipment surfaces are exposed to the same residues and conditions as equipment surfaces

that allow swabbing. Xk LA i 150 8 3 11 5 2 75 15 REWS 2E 4T 2 P S A 1 48 A ) B0 B B A 2%F T

* Difficult to access equipment surfaces are cleaned with the same cleaning procedure (i.e., the samecleaning

agents and the same temperature) as equipment that allows swabbing.>% 5 GE05 HE AT 44X 1K) B 25 A0 5] 10755 vt

T2 PP 5ot o AR (0 130 8 RIS . (R, [RIREOOIE V7RI R RS AR )

* The mechanical forces during cleaning in piping systems (e.g., turbulent flow) are higher compared totank

cleaning using spray balls. %18 2 4t iV 2 A LA 7 55 4 FH s bk Bk v vil ) A A EL BE KR

* In contrast to tanks, the piping system is completely filled with flowing liquid during cleaning. 5 TEAAREL, T
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* Rinse sampling appropriately addresses the issue of cross-contamination from those surfaces. ¥t B E 2411
fif R ¥ 2 AT S5 LA 1)

5.2 Placebo Sampling Z5 %} B HURER

In biotechnology, placebo sampling generally does not include actual product placebo; instead, it includes only
WEFI or the aqueous processing buffer without any product. In this sampling process, the equipment is cleaned.
Following cleaning, a manufacturing process is performed (to the extent feasible) using only WFI or buffer.
Following processing, the WFI or buffer is evaluated as any other cleaning validation sample, typically for TOC (or
Total Protein), conductivity, bioburden and endotoxin, as measures of possible contamination of a manufactured
product with those residues. Placebo runs can be done for both bulk and formulation/fill manufacturing to
demonstrate actual carryover to the processed material.

FEAEY) TR S, 4 O R EUREE 5 AN B0 55 S bR b 1 25 R B, RE SO, AR S A K B YA A A 7
i 7K VEAL B Z2 o . AERURE IS AR TP, B i v o G TS VR I S K B G2 s e AT A 7 i Tl AR .
BEAE DN T, TS K B G2 B O AT AT AR s v SRR i, JCHRXS TOC (BREERHD , -,
AV AR AT R, AR B IR Bk B 0 A7 7 i TT REAFAE AR5 S I o X HEC R ) 771 2 A
A7 807 R R SR T S B AL B AR I8 R

5.3 Sampling for Microbial and Endotoxin Analysis 44 LA K 9 55 2 40 A BURE

Sampling for bioburden involves rinse water sampling, swabbing or contact plates. Rinse water sampling for
bioburden must involve the use of sterile sample containers. A careful sampling technique is required for any
microbial method to avoid external contamination of the sample. = 47%4a7 I EBURE S B b /K BORE,  #40E 34 4%
g o A=A ) e K BBORE A 25 LA TG T BURE A A A8 P o — N B0 BB BT A Bl A= P 5 1238 02
WEESRE, DL S HURE AT S Gt

Sampling for endotoxin is almost always a rinse water sample. P 2% 2 BURE 54 42 51 FH 1 e K BURE .

There is nothing unique to biotechnology about the use of these sampling techniques for microbialevaluation.<
TR VRS R EBURERR, X T AEYBORAEME— ).

5.4 Sampling Recovery Studies HUFE RIS Aiff 7

Sampling recovery studies are generally required to adequately demonstrate that a residue, if present on
equipment surfaces, can be adequately measured or quantified by the combination of the analytical method and
the sampling procedure. These studies provide a scientific basis for utilizing those sampling and analytical
methods to measure residues. Three types of sampling recoveries are discussed below: swab sampling recovery,
rinse sampling recovery, and “visual examination”  recovery. BURE [RIUSCHIF 72— %

HRREORE), 800 SR I RAFAEAE VORI, 5 B Re M 30 1 9 M 7 V2 6 45 6 R EBORE RS P AT e 0 5
XL 7T A ARSI 5 B B BORE AN A TR AR A 7 R AR TS o NI I8 1 = A EORE [l S BCEURE [,
MBS L K “ B B,

For swab and rinse sampling, recovery studies may be performed as part of the analytical method

validation, or they may be performed as separate studies, once it is determined that the analyticalmethod can
appropriately measure residues in solutions. Sampling recovery studies are laboratory studies

involving coupons of sampled equipment of different materials of construction (such as stainless steel, glass, PTFE
and silicone) spiked with residues to be measured % T # AN HeAKEURE ,  [RISCRH FEATE SR 23 # T iR B8k 1) — 356
BT, BEE T LME N BRI EOR FEREAT, — B 2 7 iR B AR T T A I e BB o BURE [l WACRIF A s
s, AR B R A R o (o, ANEEAN, BRI, PTFE FIREIRD) A Bk R Ukl .
5.4.1 General Considerations =/

Recovery studies may not be required for certain residues which are known to be readily water soluble and are

used well below the solubility limit, such as sodium hydroxide or phosphoric acid used as cleaning agents. [FII i
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In performing recovery studies for swabbing and rinse sampling, the amount of material spiked onto coupons
should represent an amount equal to what could be present at the residue limit, as this represents a worst case.7E
BEATHEAR e K IBORE RIS ey, e A 5 R BURE v OB AR R 5 [R) TR B IR O B s, X AR
® T REKFM.

The residue spiked should be the same residue present at the end of the cleaning process. For

biotechnology protein actives, this is actually degraded protein fragment. However, it is common practice to spike
the native protein active, as this is simpler and represents a worst case. For bulk biotechnology manufacturing,
some manufacturers only perform recovery with the bulk active, whereas others will also utilize an early stage
harvest product to represent early stage residues. tn 10 [ 5% B M A& 5 2 it FE 45 A I — FER R R« X T
EVEORE BN EY),  SEBRAE FRAR IR BB o (HRBBE R bRl AR BT, BN R B
I HARER TRZEFAM . N T RIS EME AR, — 24 7= A4 FU R 23T R0, HAth R A5 50
B B 07 AR R R B A B

Recovery values should be established for all surfaces sampled. For swab and rinse sampling, this may be
accomplished by performing recovery studies on all surfaces. An alternative is to perform one residue study on a
surface, which through documented evidence, is equivalent (in terms of percent recovery) to other surfaces for
which a formal recovery study is not performed. This is essentially a grouping or family approach for recovery
studies. Equivalence for establishing the group or family may be established based on published studies or
in-house data. Another approach used by some companies is to exclude formal recovery studies for sampled
surfaces constituting less than a small percentage (such as 1% or 2%) of the total equipment surface area; in such
cases, the recovery value used for that excluded surface is the lowest recovery of any other surface type for which
a formal sampling recovery study was performed, or the minimum acceptable recovery percentage required by
the company’ s procedures. %} - AT BURE )

TS ST RSB o T4 e K BORE s PEREAT i A7 2 1 B0 [ SOt T I e Rl P B e A R A 3R
T EAT— NSRBI, B EE, SFEET ORE R EE) HAh A 347 1E RO 78 3R T -
SFF R T, X R AR B o 3 K715 GBS A R S R 5 T R AR I S B i il . —
SE N FE I 53— DI BRI R D TN 2 b (I 1% 2% ) HURE R 0 4L s Y 1 2 (Bt
Fo, ERXPERIEOL N, T HERR I A [ SO R AT o Ho At R T AP S A SR AR B, D bbb 4T 1 2 g R e i
W FE B MRS 2 7 F5Fr SR SRR AT 4232 [ 1 70 B

Swab recovery studies are typically performed on a nominal coupon square surface area of either 25 cm 2 or 100
c¢m 2 . In sampling manufacturing equipment for a protocol, it is not always possible to swab a 10 cm X 10 cm area
(it might be necessary to swab a 5 cm X 20 cm area). Furthermore, it might not be practical to swab exactly 100
cm2 (an area of 60 cm2 or 128 cm2 may be required because of the specific equipment geometry). In such cases,
the recovery percentage based on sampling 10 cm X 10 cm may be applied to each of those cases. If such an
approach is used, a range of acceptable surface area (such as 25% to 150% of the nominal sampled area) should
be established. However, if the sampled area for equipment surfaces in a protocol varies from the nominal value,
the residue limit for that sample should be adjusted

based on the actual surface area swabbed.

BB W T 34T 2 B P T AR 25cm 2 B3 100em 2 o TR EAEA AR &, #E4 10em X 10cm
M X IR A SR FTRER (LR Sem X 20em IXIE) o th4h, FE##EE 100em 2 SEBR B AT
RER) (ATBEZER 60cm 2 El# 128cm 2 , WITi&Ara JLEiN) o ERXFEOLN, X eefgiist T
BUFE 10em X 10cm BRI 70 bl o SR FHIX AR T35, Al RIEAVE L (0, SEPRBURE XI5 25% ]
150%) MAZFESL. HR, WRTT 5 A A B BURE XI5 SERRA X, 1 il B Bk B BRI 6 T S PR ) #
S AR BEAT I
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5.4.2 Swab Recovery #EF{[A]1i

For swab recovery studies, coupons are spiked with solutions of the target residue, allowed to dry, and sampled
with the swabbing procedure to be utilized in the cleaning validation protocol. The swab is desorbed in a suitable
solvent, and the amount of residue is measured in that solvent sample. The amount recovered is compared to the
amount spiked on the coupon, and the result is expressed as percent recovery. Because swabbing is a manual
procedure, typically each person performing a recovery study performs three replicates. It is preferable to have at
least two persons perform swabbing recovery studies for each combination of residue and surface type. The
recovery percentage established by the study may be defined in different ways, but typically is defined as the
lowest average recovery of any one analyst. An acceptable swab recovery depends on how that swab recovery is
being used. If the recovery is performed to qualify the sampling method without correction of either a limit or an
analytical result, a recovery of 70% or more is typically required. If the recovery percentage is used to correct a
residue limit or an analytical result, a recovery of 50% or more is typically required. An upper limit for percent
recovery should be established.

XF TR AL, O A B ARG B VARG, T8, EIE TSI IE )T S b 3 R RS PP kAT BORE . 7
T BV A, AESCPRAE S I SR B R . R SO A B ARG R BCRE AT R, BARI
W o bR RS R POV E T TER, B PMANEL

BEAT =R IS FE o Bl o2 28 /D AN AW AN B 46 6 AR T A SR AT A IR 72 o 9F 98 T 8 S 4 [T i
73 EERT ARIAS [F 75 3058 3, B RARGRIERIBEE SOMERT— D0t & RGP 2 R . — Az i
PR 2R B e T A A e P A e . SR AT 1) [l W 2 AR I BBORE D7 kAN BAT B B2 B 40 i 25 SR 12
1k, BRZEAD 70%0 R AR RO 2y BT B IERCBE PR EE B AT 45 2R, BESR 270 50% 1 [
J 3 57 [T ) B PR

At a minimum, recovery values are generally performed at the residue limit on the surface (in pg/cm 2, for
example). While it is possible to perform recoveries at different spiked levels, in general, there is little value to
such additional spiked levels because of the variability of the sampling procedure. It is preferable to perform
additional replicates at the one-residue limit rather than studies at additional levels. Acceptable variation for
recovery results at one spiked level is typically on the order of 15-30% RSD.

FARPREE, [DSCfEEH RR T R PR (W, pog/em 2 ) o TEAFFMCAKEREAT ECR AT AR, @,
X IX A INARIC K LR AE, BT PRI AR o R I AE — Bk B PR REBEAT B I i 3 437 AN 2
FEFS IR EREATE GO TT. DR /K-F B I 45 R AT 2 AR A= LT 15-30%RSD.

5.4.3 Rinse Recovery LA

Rinse recovery studies address the validity of rinse sampling for that residue. They demonstrate that if the

residue were on a surface, that residue would be effectively removed and could be analyzed in the rinse

solution. Rinse recovery studies address the U.S. FDA’s “dirty pot” and “baby/bath water” analogies. (8)

Rinse recovery studies, like swab recovery studies, are performed on coupons that have been spiked with
solutions of the target residue and then allowed to dry. For swab recoveries, it is necessary to perform the

exact swabbing procedure to be used in the cleaning validation protocol. For rinse sampling, in contrast,

the exact rinsing procedure cannot be duplicated in the laboratory. However, it is possible to simulate the

rinsing procedure in the laboratory. Where possible, the conditions of the simulated rinse should be the

same as the equipment rinsing situation. This includes the selection of rinsing solvent (typically water), as

well as the temperature of the rinsing solvent. In other cases, the rinsing conditions should be selected as

the same or worst case as compared to the equipment rinsing situation. For example, the ratio of solvent

to sampled surface area should be the same or lower in the recovery study compared to the

equipment-rinsing situation,

PG RIS TEMR D 1 B B P R R R AP . DA T A RCR TR AR, SR B AT SRS R R AE R R i
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1750 M. R RO AU TSR CERE” A BLARELK” B (8) o IRl S AR B R
T, EbRA H AR BB EURE Fr R T IE SO vE T4 X T BUHORE, ATV SIE 7 58 b A Y A 1Y
PR R DB o T e, A, SR SRR P A SR = R AR A R . (HR,  fE
SIS PR PR R AT LA . AR AT R, B BRI SR R % S B pP RIS AR R XL
PRl AIn e A2, PR BREAIIRE . EHA SO T, SO 5 Bt e SR A AH R i
B ZETE LI S A o ELan,  HURE R T ARV 77 EEAE [ WSORIF 5 o I8 5 80 26 i e 2% A IR sl 2 IR T e & i e 2
.

One method of simulating the rinse process is to suspend a spiked coupon above a clean collection vessel

and cascade the rinse solution across the surface into the collection vessel. Another method is to spike

the bottom of a beaker of the appropriate material of construction, allow the residue to dry, add rinse

solution to the beaker and apply gentle agitation for a time which approximates the time of the final rinse.

The rinse solution is either pipetted or decanted from the beaker and analyzed. A third option, used in

cases where a beaker of suitable material of construction is not available, is to place a spiked coupon in

the bottom of a beaker and perform a simulated rinse, as in the second situation.

RADL e i R PR — 7 V2 R AEIE VR MU B A 4% 2 b B AR 1 R IURE by BB e e T B R T BB A
TR ICE A A AR, FCVFRREE TR, ISP RIS R R, IR B e, S
TR PIGEHII E] o PRBEVE NG b e A VR R B R R EEAT 0. SR A, XM AL A
MBI BEM R A B IER, FERMRATIAFSICHIBURE B rhse, JEenss — Mk,

Since rinse sampling is not significantly operator dependent, three replicates by one operator are

adequate to determine percent recovery. Acceptable percent recoveries are typically established at the

same levels and conditions as for swab recovery studies. [l A e EUREAS L8 AR T8/ E &, — MRIE N E
5= RCAH R [ 73 B T AR o AT RS2 RN o b ST AE K Rl WOt T R B AP A SR AR T
5.4.4 “Recovery” in Visual Inspection HF&H ] “[m[Yi”

This process is actually the determination of a quantitative “visual detection limit” where visual

examination is the sole sampling/analytical method and “visually clean” is used as the sole acceptance

criterion for the given residue in the absence of swab or rinse sampling for that residue. (12,13) If visual
examination is used to supplement swab or rinse sampling, such determination of a visual detection limit

is not required. A visual detection limit under specified viewing conditions can be determined by spiking

coupons of the equipment surface materials with solutions of the residue at different levels (in pg/cm 2)

and by having a panel of trained observers determine the lowest level at which residues are clearly visible

across the spiked surface. The significance of such a visual detection limit is that if equipment surfaces are
determined to be visually clean under the same (or more stringent) viewing conditions in a cleaning

validation protocol, the level of the residue is below the visual detection limit. Appropriate viewing

conditions include distance, lighting and angle. The visual limit depends on the nature of the residue as

well as the nature of the surface (for example, stainless steel vs. PTFE) and the visual acuity of the

inspector. Typical values reported in the literature for a visual detection limit are 1-4 Y g/cm 2 . (14)iX /N 25K
br b2 e ) “ BARREE” , fElt, HAGRME— RO/ a0t H “ BR g bk RS e ik
— A HORRUE, 20 BB P EORER (12,13) o SR RS AR AN e SR v e B, T
ANTEEME BRI . e WA T H R BR B EE AR T (BL g g/em 2 ) WA 5 B R
VAR AR IS BORE P 52 I HLIE I 32 DU SR 51 /N1 78 FE AR 10 2R TR WL 8¢ 21 5 B B B (K P 31X
o [5G PR ) A SO i SR e A R T AR . H A TSV AE I v S UE T ST AU RE (B ™) MEERIE T, I
AKFRART BRI R &SROSR AR, AR H A BR B T B B e DL S R THT Y
Rtk CEetn, AEEANERIE vs.PTFE) DAL SN S ORI SE RAEBE STk HAG IR BE 35 AOFRTEEEL /2 1-4 P g/em
2., (14)
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5.4.5 Recovery for Bioburden and Endotoxin Sampling A=#%1a7 1 PN 75 25 BURE 1 [RT

Recovery studies to determine percentage recovery from surfaces are not appropriate and are not

required for microbiological sampling or for endotoxin sampling for the following reasons

[l WACRIF 5 0 2 2 1 (RIS 2 B AN 24 1 I ELO T E MR e N B 3 ORE R AN KR I, SRR R

1. The question of enumeration in microbiological tests—“colony forming units” are typically counted, as

opposed to individual organisms. i = P4 I TSR ) fl—— “ BT T AL 7 SR PTTHE,  AMARAEY) 2
ANBETHEL o

2. Vegetative organisms will die or lose viability when dried on a coupon in a standard sampling recovery
procedure A AP U T B 2k 2347 58 70 A AERRAEIURE [ WORE 7 vk BBORE Fr 8

3. It is unclear which species should be used for a recovery study. H54™ & Ff F T [ SO 70 A2 A 75 BT 1)

4. The limits set for bioburden typically are significantly below what could possibly cause either product

quality issues or process performance (e.g., SIP) issues; therefore, even though recovery may be low

(<50%), product quality and/or process performance are not impacted by excluding a recovery factor. f/E4)[R
FETR v B 3 A T Re g S 7 it o e R E L ZIMERE (A, SIPD [ RTRE, BRIk, BIE RICRT e AR (<
50%) , i B L 2 B AN R 52 B RS E d HRRR [T T

5.5 Training and Qualification of Samplers HUFE A 53 Fr 35 I FITEE i

Training involves the steps taken to assist the prospective sampler in learning the technique of
sampling/inspection. For purposes of this section, “sampling” and “sampler” also include “inspection”

and “inspector” for visual evaluation. Qualification involves the process of “certifying” that the

prospective sampler can appropriately sample. 35 Il 6045 120 B8 & 75 Bh FUH BORE N B 22 STIURE /R B IR R . 1IX
BERHEE, YRR A CBURENT mAESE PR R A REANT o BRI EREES R
2, T EIHORE N 51 BE B8 4a 24 1 58 R -

Training always precedes qualification. At a minimum, the trainee should read the sampling procedure,

and a trained sampler should demonstrate the correct procedure. During the reading and demonstration,

the trained sampler provides commentary on the rationale for certain practices or aspects of the

sampling procedure.Demonstration of technique may also utilize a visual indicator on the swabbed

surface, which assists the trainee in seeing consequences of poor technique. The last step in training is
demonstration of the correct procedure by the prospective sampler. 3l S A& FEFIN B A RT. 2, ZiIA
SN T EIURERR e 0 B By I A BORE N 53 B 1 B IE R AR o AR T AN I AR b, end BRI IR
N GO BORERRE e o ) R S B A 19 45 T & BEARRE o BOR Ul At mT DU ] H I F o e R i B, BA
WIS UNF WL R SR E G — 02 B OB N SO I A2 Pt AT B

Qualification processes used for sampling will depend on the type of sampling performed. Qualification

may involve merely demonstration of the correct technique (that is, the last step of the training process),

or it may involve a “test” which challenges the trainee’s ability to perform the activity correctly (e.g.,

perform a visual inspection using an array of coupons, including some that are soiled and others that are

not, or perform a swab sampling for a known soil residue level on coupons). Either type of qualification

may be repeated on a regular basis, or upon any retraining of a sampler. BURE 73 5 Bfi A I R ks B ok T BURE ) Fib
Ko BWHHARGTEEMBEARR Y (BRI RN RE P 83, el “illit”

Pl & IEF BTSSRI RE ) (an, A0 —SERE  #EAT H A, B3 — SR RS R AR R A, B AR
BORE B ORI TS 5 B BEAT U ) o ATART— b B B A RT DA ) B A3 s ARl BBORE N S AE RS I
TEOLEAT A .

5.5.1 Key Issues for Training for Swab Sampling #&40HURE 1% I it 48 1] it

It is preferred to have a separate swab sampling SOP for training prospective samplers. This helps prevent

“procedure creep” which might occur if the swabbing procedure text is just repeated in every protocol. It
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also helps ensure that the same sampling procedure is used in recovery studies as in protocol execution,

and thus simplifies training. X T Bf Il FUYIHURE N R B 5F A — 3 S A BE A EURE SOP o TCHKE 3k 40 AT AE LE AR “ A%
PR, WREREFNEETE AT RPES R XA BT ORUELE RIS 78 48T [RIRE 0 EURE
FEFP,  dnfE 7 & AT B AL 5l

Four keys to consistency in swab sampling training are:

BRI — Sk 4 ADRBE

1. Consistency of wetting the swab head ¥ iK1 — ik

2. Consistency of the swabbing motion (including overlapping strokes) N E T —8 . (BIEESHIE

D

3. Consistency in applying pressure 1§ FH & 77 i) — 201

4. Consistency in swabbing of the correct surface area & 243 MR — 801

It is assumed, of course, that the correct swab, the correct number of swabs, and the correct wetting

solution (if any) for the swab are utilized. A fifth key factor for swab sampling involving TOC is emphasis

on preventing external contamination of the swab due to the ubiquitous presence of organic carbon. It

can be beneficial to emphasize “aseptic technique” used in microbiological sampling in training swab

samplers, particularly when the sampling involves TOC analysis. In contrast to aseptic techniques used in
microbiological sampling, however, the negative consequences (that is, artificially high TOC values) of

using isopropanol on gloves or on adjacent surfaces prior to sampling should be emphasized. {2 153 F 1) 1E i 1
B, B IR AR USRI BRI, A 58 T BRI S B R 3R AR TOC, sl S 4541
SMETS R, BT RN . AERS YIRS N E R P sl R “ BRIk BT
AbH, JCHOEEURERS K TOC Z0br. AR T IEY R T B E R, T8 L e fE B AT AE AR I R
A S I i A SR (R, ACARI$Rm 1 TOC fB) Nisgif.

Since swab sampling is not unlike manual cleaning processes, in that it is highly dependant on a person

for consistency, consideration should be given to retraining and/or requalifying swab samplers on an

established basis. Retraining may involve the same process as for initial training, or may involve only

portions of that initial training. Requalification generally involves a repeat of the initial qualification

process. The need for retraining and/or requalification should also be addressed as part of change control

for the swabbing procedure and as remedial action when swab sampling “operator error” is suspected in

the investigation of a non-conforming result. KUY HEURE AN TiE AR, S e A i — 3o,
I3 2% FEAE O 7 ) Rt R ECIURE N S AT BRI AN /B AN . FEREUIAT R G ST Aa B I RIFE S A,
o RORE RN — &7 o AR SRR AR E R . FEEE IR/ SRR DA R 75 R AT 9
T2 P A B 42| () — 0 43 AT AL BRI HAE MRS T, I B A EA% 25 IR, TRBE R AR BRI “ R R o
5.5.2 Key Issues for Training for Rinse Sampling {5 EURE B Y| 1) 58 i) it

It is preferred to have a separate rinse sampling SOP for training prospective samplers. For CIP systems,

the rinse sampling procedure may be the same procedure that is used for sampling water systems,

appropriately modified to cover sampling of process equipment. X T 55 Il FUH B EURE N 52 B 07 A 540 B b
FE SOP. X CIP R&E, MUEHBFERERF Al e 5K RGFERAHFE AR, & A8 IE DU i T 23 & L
B

The major concern for accuracy in rinse samples is to prevent contamination of the rinse sample due to

the sampling port and the environment around the sampling port. This includes adequately flushing or

cleaning the port prior to taking a sample, as well as avoiding sample contamination due to the use of

isopropanol on gloves or the use of isopropanol to clean the port (prior to sampling). As in swab sampling

training, it can be beneficial to emphasize the “aseptic technique” used in microbiological sampling in

training rinse samplers, particularly when the sampling involves TOC analysis. In training rinse samplers to
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take a sample for the final rinse of a CIP cycle, timing of the sampling process is critical. Typically the very

last portion of the rinse is sampled; but, it may be acceptable to sample before that time if such sampling
represents a worst case. However, once process rinsing is complete, there is no way to go back and collect

a rinse sample (unless a separate sampling rinse is performed). 4 e BUARE HHORE Bl FEE P di RS T A 38 O o e
ai AT G, T HORE EORTEURE 1 B O o IR AR 78 70 IO PP e B I Vi BORE i, AEBUREZ BT, DA S i
ot T{EF-EB LS S P B B3 P S A BV v BOORE 10 (FEEURE 2 BT T AE o 2 AR5 G o TR A AE 2 HUHY
FEER R, AEES U BEHURE N G2 R o sm A S B VDR s “ BRI ALY, JCHEURER 2 TOC
ST AEFFYITBEARIFEN AN CIP TR R G e 2 P Be K PRI, HORE IR (A2 B OC 2L ). — MR 2
MUK B G — 7 FHORIBURE, (H2, IR Re AR R Z 5% 1, R AUBHT IR R P 32 1. 2R
M, — B FE s, Mt 7mdak MR sk R i e CBRAFBEAT — AN SR e K IURE D

Since the consistency of rinse sampling is less operator dependent, the need for retraining and

requalification should also be addressed as part of change control for the rinse sampling procedure, as

well as when rinse sampling “operator error” is suspected in the investigation of a non-conforming result.
TP K BURE ) — BB BRI T #E A53,  FE B IR R A 75 SR A D e /K BORE A 2 BE A% 1 H)
A IEAT AL, JRAEAN A% A5 R rh B AU R AR SR AR AT

5.5.3 Training for Visual Inspection H ¥ 35)l|

Training for visual inspection depends on whether the visual inspection is part of a protocol execution or

whether the visual inspection is the laboratory “limit of detection” determination. In either case, it is

preferred to have a visual inspection SOP, so that training can be for that SOP. Visual inspectors for either

type of visual examination should have appropriate vision tests H & FE5 IR T H K62 BAE NPATFE R —
iyl HA R 1R 2 900 & A I R EE ” B PE o AEARAT— RIS LU, BRAFA HALR soP, DUMEMYE sop i
ATEUI AT H A IR SN AN A 1 2 A 77300t

For training of visual inspectors in a protocol execution, key issues are:

PATTT R P RT BN GBI, OB

* Access to sites for viewing HEANM S E

* Appropriate lighting & 241 Y

* Ability to discern the difference between residues on the surface and surface imperfections %13 [ 5% B8 1
R IHIBRRE 2 [7) 22 57 (1) BE

An important element of visual inspection training is knowing when to call for further analysis to

determine the nature of the residue. For example, if what appears to be rouge is seen on the equipment,

the presence of that residue should be noted. Determining whether that residue causes a failure in the

cleaning process is a separate decision. The procedure for visual inspection for laboratory “limit of

detection” determination is generally different from that of visual inspection during protocol execution,

because the objective is different. The objective is to determine at what level a certain residue can be

consistently seen across a spiked surface in order to correlate a visual detectability limit with a level of

known residue(s) below that spiked level. This procedure may be in a separate SOP, or may be

incorporated in an overall SOP for visual inspection. In addition to the same elements that are included in

training for protocol execution, a key for training in this procedure, which involves viewing spiked coupons,

is a careful distinction between a visually clean surface, a partially soiled surface (in which residue is

apparent only over a portion of the spiked area), anda “fully” soiled surface. H ¥ 35 Il i) — A~ B 2 0 2 72 FIE
A g 2R3k — B [ 73 M AR E SR B It ot b, R Regs BERINARLL, NvE IR, BiE 2
ek A S BOSHEARRMOE — AN g o LIS “Rr IR € 1 H AR Fril i 53T 77 R i
HEAR, BOYHBRAFRK. HERE 1T AP BRI 58 4h 2 o0l 2 25 1 bk i i 2 18 A
SRR LRk B K RAS I PR BE AR T PR /K1 o AR FP T DAFE SR SOP oy, B RE5 2| HAGH) SOP
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6.0 Analytical Methods

VAR IWIRCS

It is essential to a cleaning validation program that the appropriate analytical methods are utilized.

NIV IR UE AR Py A3 & 2 B o W 7 R R AR Y

Analytical methods must be appropriate in that they can adequately detect the residue(s) of concern.

TR AE S, BEFT AR BAH SR B ) -

It is also important to understand what can be concluded from the analytical result (e.g., was the product

not removed or was the cleaning agent not removed?).

XTREM T G5 SR TR HE I AT A B B R AR B (Ll PRI R BREIE BRI A R D
The results of testing will determine if the cleaning validation cycle is acceptable or if it needs to be

redeveloped.

FOr I 5 SRR R 52 15 VS 90 UE A e R 2 B 2 1 TR .

Thus, it is important to have confidence in the results.

BRI, X RS AR B2 .

This section discusses how to select the appropriate assay methods, detailed information on the

applicability and use of nonspecific assays and microbial test methods,and assay method validation.

A S BRSOk LE P VEAE B, RN E i R AR I O A A, gy
PrITERE. A B EMERESENEESITINE, SCHEMIEAEE, JER e & 87w
TR LSS BT VESRAIE .

6.1 Specific Analytical Methods

6.1 R E D HTITE

Specific analytical methods are those which measure a certain residue in the presence of expected

interferences.

58 3T TR AR T T DA AE U 0 A B 1 D792

In a cleaning process for biotechnology products where the specific analyte is the active protein, such
interferences may include degradation products and related substances, excipients, cleaning agents and

cleaning agent by-products.

FEAEVBOR P R HTE TR T, R o S iEtE i 8, X R0 T BE IR AR ARSI T, ik
T Ve i g e o

Examples of specific methods include HPLC, ELISA,SDS PAGE, and PCR.

5 71214573 HE HPLC,ELISA,SDSPAGE, 1 PCR

Each of these methods requires the use of an appropriate reference standard.
REETTIEREAN AT L — N E S HE R

In contrast, nonspecific analytical methods measure a general property, such as conductivity or

TOC,which could be due to a variety of analytes or sources.

FXITE,  ARReE kS ENE, . BSREEE ToC, By B e kiR i) 2.
Selection of an analytical method will depend on the nature of the residue as it exists after the cleaning

process.

NI IR R PR B R TS I S B B R M

Only if a protein (or other organic active) is not degraded during the cleaning process (surviving high
temperatures and pH extremes in an agueous environment, for example) does it make sense to use a specific

analytical method for that active.
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The advantage of using a specific analytical method in this situation is that it gives a precise measure of

the major residue of concern — the active itself.

FERXHPIE LN A8 F AR RE A T i L 382 € AT DASE H 32 A SRk B -V R DA B R R 1 )

If a specific analytical method for an active protein were utilized following a cleaning process which has

been demonstrated to denature (degrade) that active protein, it is likely that residues of the active

protein would be non-detectable (i.e., not measurable) by that specific analytical method.

U SR —ANEVE R SRR E S ST T VAR B RGBT R A A A, XN v I R A ORE I B (et
XAMETER AT XG5k B X MR E 70 T 5 R AR AT REAS AN 2] CRBERASIND

Residues of that protein would be various degraded fragments.

TRAN T 5 (R0 B T B TR 2 M B

If the native protein were actually detected using a specific method for that protein, it is likely that there

had been a serious problem with the cleaning process, such as a clogged spray device causing a lack of

coverage of that portion of the equipment surface.

U SRR AR 5B A T AR I 2, IR AT SRR IR P REE — RVIAY IR, b ans ZEmO B &
51 S A 2% R T T IR o AN 4T

In such a case, failure would also most likely be detected by a nonspecific method and/or by visual

examination.

FERXAPIE LU, SRt T DR FR4 52 T ik 5 H AU S48k i 21

Consequently, if a specific assay method is used, a nonspecific assay method is also required, unless

studies prove that the product is not degraded by the cleaning process.

B, AR — MR ER S BT IR, — N ARRE KT AR T, BRART TR B e AR
P SR W

In biotechnology cleaning validation, specific analytical techniques such as HPLC are more likely to be

used for detergents, because the surfactants or other functional materials in the detergents are not likely

to degrade in the cleaning process.

FEAEYFATEERAES, R T BOREC i HPLC ST ) FH T3 B A R, A1 Dy 2 TR ¥ 12 7] B i i 77
I DR RHETS I AR T AN AT RE 20

However, it should be noted that nonspecific methods can also be used for detergents and other cleaning

agents.

TCIRTERE, WZUE AR E J7 12 AT LU e % 7 B A 3 )

6.2 Impact of Inactivation/Degradation of the Active

6.2 T VEPN T BEAR ) KT RS

Product inactivation means that the active protein is modified in some way such that it is no longer active

and may no longer be measurable by specific analytical methods for that native protein.

P K R TR R A LT AN, IR RRIR LS A FEA T NI I R AR B B o )Ry SE 0 M
Ti I

This modification usually involves degradation of the active protein into smaller fragments, but may also

involve a process in which larger molecules are formed.

XA U LG R B B PR B BT LR R 5RO TR B AR

A key issue for process equipment cleaning in biotechnology manufacturing is the degradation or

deactivation of the active protein during the cleaning process.

FEAEMBOART AP, T Z B TR I S8 i) B I TR R R T I A B PR AR B A
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This is a result of cleaning processes in biotechnology utilizing hot, aqueous,alkaline and acidic cleaning

solutions.

MR S E VeI R A, 7K, BRI 13 e T 9 0 4

Under such conditions, it is well recognized that protein actives will degrade.

FERXMRAETS, A ZEREME B BSOS TR A S R .

This degradation affects several issues in the cleaning and cleaning validation process.

XA B AR AL 1B VR AR Vi Ser e v PR 2 2 22 D T 1) o

Because of the degradation, the residues of the active protein (which are actually now residues of the

degraded active protein) are more readily rinsed away during the rinsing step of the cleaning process.

BRI PE M, VETEE BRI (SERR BRI TE S B MR D IRA S AETR R AR v ARG I 8 I skt

i,

This is because the degraded fragments typically have a lower molecular weight and are potentially more

polar, both conditions leading to greater water solubility.

X KA B A ) P BB S o 1 2 /INRIARE TR, P S AR 5 B8O L PRI K T A 12

A second consequence of the degradation is that it no longer is scientifically justified to have an analytical

method which is specific for the native protein.

B AR 26 AN G5 B A — MR E R AR R B iU i 7 AN R B A B

For this reason, a nonspecific method such as TOC or Total Protein is typically used to measure residues of

the degraded active (as well as other organic molecules) in a

cleaning validation protocol.

FETRXAEE, EFEERIE TR S, — N EERE TR (. ToC MUSETED I8 H A H T2 R A S V) B
CHARA L T —FED) KB

A third consequence is that limits in bulk biotechnology manufacturing are typically not appropriately

established based on a “fraction of a dose” calculation of the native protein, since the residues are

degraded fragments.

A — A G5 R AR A 7 o B IR BEE H A RESE T RAREE B “FE 8 WS, BB e

J B

Since residues being sampled are residues of the degraded protein, it may also make more scientific sense

to perform sampling recovery studies based on recovery of the degraded fragments.

BRI Bk B BURE FE PR B AR B, T DAPAAT i - B At Py BB [ WA ) BBORE: (B AU AT 98 2 BE IR T SRR

However, assuming an increase in solubility for degraded proteins, sampling recovery studies on the

native protein will typically be a worst case as compared to recovery of degraded fragments.

B PR e B AR PR I, R R AR 1 B EURE [l SOt 70 5 B Py B ISR B, FOE B i ZE 1

While it is assumed in almost all cases that the active proteins or other large organic molecules produced

in biotechnology manufacturing are readily degraded in hot, aqueous alkaline conditions, it is desirable to

demonstrate this with a laboratory study.

JUFFTA GO, MR A B RN A A T, R, K, Bk N AER S SRR, X

MBI, R A SE S IR .

In such a simple “beaker” study, the bulk active protein is exposed to the conditions of the cleaning

process, including cleaning agent concentration,temperature and time.

FERXBE MR ELE B BEFE, VST B R R B RIS BRI AR R AR T, AR B IR, IR BRI )

At the end of that exposure time, the pH is neutralized, and the temperature is reduced.

TEF G RS, PH 2, BN,

The resultant solution is then analyzed for the active protein by the specific analytical
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procedure (such as ELISA, HPLC or a bioactivity assay).

R E A REF A HaS e A BT (F140: ELISAHPLC B st & &)

In such a procedure, the ratio of protein to cleaning solution should represent the same ratio present during
cleaning, or a worst-case ratio (a worst-case is a higher ratio of protein to cleaning solution).

FERXAN R, TV R T L R TV AR T s A B b, B R ZE NS LA B BRI E ] (R
ZAG LR — AN B A LR .

The assay methodology for such studies must be appropriate and valid.

AT & B IR L A A T (R A A B0 IE ) o

Care needs to be exercised in performing such a study to ensure that the chemicals in the cleaning

solution do not interfere with the analytical procedure.

N T B ORIERE R L 22 B A AT AR T80, RTS8 I R o AR Sl v R

This can be addressed by having adequate controls, such as adding the active to a solution of the

neutralized cleaning solution at ambient temperature.

XA ULH 28 A ok e, e ) TR A RS BRI OIS PR

If chemicals in the cleaning solution interfere with the specific analytical procedure, another option is to

remove them by diafiltration.

I FIF VR 2 BT 2 AR R, 5 — Nl B e L R e T

If it is just the surfactants in the cleaning agent that interfere, another option is to perform the

degradation study with just the equivalent amount of alkali present in the cleaning solution.

I AE ORI B R TS PR B0, 59— R S T Vel S5 B BB A T PR AT 7

Note that in many cases, cleaning in a biotechnology facility utilizes alkaline cleaning agents followed by

an acidic cleaning solution.

EBAEZIEIT, AR B35 i B 775 7 A BRG]

Current evidence suggests that it is the alkaline portion that is most effective in degrading active proteins.

T PR H 1E 25 B0 ) 3508 0% PR v 2 2 1 A 28

Companies may choose to perform a degradation study only with the alkaline agent and not pursue degradation
studies with the acidic solution unless the alkaline cleaning agent alone is inadequate for degradation.

23w A LA g AR T S Bk R AT R 7T, ANIE SR ASE P RV VAT Bk AT 7 ok Al S A 25 g s 791 0
BEREANTE ) o

6.3 Nonspecific Analytical Methods

6.3 ARKFE T IT Ik

6.3.1 Total Organic Carbon (TOC)

6.3.1 ALK

Most of the compounds used in biotechnology processes are of organic nature.
FEAIEARE AR T 8 B R0 i 2 A B

TOC can detect organic carbon with a good sensitivity in the sub-ppm range;

TOC fEILT- PPM Gl P9 AT LA R A ALK .

however this sensitivity may still not be adequate for highly active substances.

JUE IR ) R B W] REX T m s R BOR UATS R = A B 1

The method can be semi-automated with an autosampler and has a short analyzing time.

XA TTE A LR H B, > B SRR A AR J A 20 A i 18]

In contrast to specific analytical methods, TOC analyzers can detect all organic residues, including complex
mixtures of compounds like cell culture media or product degraded by the cleaning process.

RIS FHFE AT IR 5, TOC S3 A AT A T A A WL R, LA B2 BOVR £ R A A M 7 2k B i
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el R b R .

With TOC, it is not possible to distinguish between a biotechnology product and other organic compounds present
in the same sample.

R TOC, FEAHIRI IR 2 JEi DX AR i) it A AR AT LA B 231

As a consequence, all organic carbon is assumed to be product, representing a worst-case approach.

Bl B A UG A B, XS i ZE B L T 1

Another aspect is the potential for sample contamination with organic substances during sampling and testing,
requiring well- trained personnel and clear sampling instructions.

5T, AEBE AT AR P A A B U IS YT e, /5 Bend 7870 BRI AN 3R B s ) BDORE: 5
i

Special care should be taken to ensure that the sampling container does not introduce

unacceptably high amounts of carbon to the sample.

A2 R ) S TR R EDURE 25 28 AN REZE A it 5| ANAS T 22 32 B ) ik

Different TOC analyzers are commercially available. All instruments oxidize organic carbon and measure the
resulting carbon dioxide.

AR TOC 7 MG mk ERTAT R . BT ACE S AL A HLERAT I 7 A2 1) — Bk

When selecting a TOC instrument, care should be taken to select an instrument and instrument

parameters that are able to completely oxidize the organic carbon present.

BIEFE—A TOC MR, BANER: W MERAERSE, HL AT 56 2 8 A VUK.

The TOC method can be used for rinse and swab measurements. If used for final rinse water testing, samples can
be analyzed directly.

TOC J7iETT LA A Tk ANl o G SRAS ] T e Rk AR N, o ot I 2T RE A% EL R 70 A

If used for swab testing, the organic carbon has to be extracted from the swab after sampling.

AN R TS, BORE J A LR 6 2R 1 A5k b e A5

It is important to consider some additional topics during TOC swab method development, such as swab material
and technique.

FESEFTT 0T R A b 25 8 — e Y o) U2 F W ), A SRR IR

Swabs should not significantly contribute carbon to the sample and should not adsorb significant amounts

of the residue such that it is not released for analysis.

BHEOS TR AR EERIBORIE, AR R BRI By, BT AR R B o A BE R K
The sampling technique (e.g., swab size and shape, swabbing pattern, swab container and extraction method) is
much more complex in comparison to rinse water testing.

BUREROR (ne U ARARAR, BT a0, BEUA RS, SREUIIE) AR Tk K I ok i Sz 2R
The swabbing technique can have a high influence on residue recovery.

PEIEOR RER I B [mAC 3 7 AR AR K ) R i)

6.3.2 Total Protein

6.3.2 HEAMR

Several total protein assays of different sensitivity are commercially available. Assays often used are Bradford,
Lowry or BCA.

— BN RO I S A AT AR D B R AT AT I . SRR TV E A bradford V5 lowry %
B BCA V5o

Total protein assays are not product specific, but specific towards a class of molecules.

MBS EARWMRE, (HRN T 70T RAR YRR E 1

Total protein assays can be used if the majority of the residues are proteins.
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SR TSR AT AR TR S B R R R R A .

If proteins are just one of many residues present (e.g., cell culture fermentation), the use of an assay with a
broader spectrum (e.g., TOC) should be considered.

IAREERA R EZRE (SRR Trg—Ff, EH%E (n Too) WES B LIEFEE.

One advantage of total protein assays is potential commercial availability.

M SRR EEN MU R BEA R BT,

Different companies offer test kits and support during test implementation.

AN () 2 B A T B AT R S+

Lead times for implementing commercial test kits are typically shorter compared to in-house developed methods.
5T R ITEEAR LG, A5 R sl T 35 i e ) B

In-house methods may be developed to provide enhanced sensitivity.

PN 52 RT AT P SR 5 R Ak

Proteins often degrade (e.g., by hydrolysis during a cleaning cycle if high pH and temperatures are used).
HORLHREM (L, RS PH RRE TSR, e &K

During assay implementation, it should be investigated if the assay still can detect protein after exposure to
cleaning agents.

(B e AN R T, B ARG IR R B S BRI B, AT T I

6.3.3 Conductivity

6.3.3 HLG%

Conductivity measurement is a very sensitive method to detect dissociated ionic substances in water samples.

FL 3 R — S AR Hh e B8 B T IR R T

WFI has a conductivity of < 2.4 Y S/cm at65° C. For cleaning validation purposes,

conductivity readings are expressed in milli-Siemens/cm (mS/cm) for higher concentrations (such as cleaning
solutions) and micro-Siemens/cm (uS/cm) for lower concentrations (such as final rinse waters ).

HESTHKAE 65° € BWPHLSHE< 2.4 p S/em. IHERIEN HR, MBSRECERAIRE @A GHEHRD
F mS/em IRFEARIS (. FZMEEKD) H(u S/em).

It is often used to measure cleaning agent residues (e.g., caustic agents) and to control automated cleaning
processes (e.g., CIP).

HL SR E A AR ETE R AR B (e JR kR gzl B shidvefey (. ap)

Conductivity instruments can be used for a wide range of concentrations by exchange of conductivity probes.

FL 3 AN B L Rk, AT DU SR DN AR o Yol R

Conductivity readings are highly influenced by the sample temperature.

BRI L R B A IR S

Either temperature adjustment of the sample or automated temperature compensation can be used to
standardize the measurements.

A HE A ot R P2 B 1 B U M TT DA T SRR A

Conductivity is a nonspecific method that correlates linearly (within a defined range) to the ion

concentration in an aqueous sample.

L3 3 — MR T KRR B TR R B 2tk RS E T 7

Analytical instruments are robust and can be used on the manufacturing floor by trained personnel.
HTACERARRT AT AFEAE P Il 2 i B I N AT

The high influence of the sample temperature on the instrument reading should be considered to avoid incorrect
results.

P it G E AR B A 0 R R ML AU S, S IR AR
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The method cannot differentiate between different ions.

AN TTEARE A 2 AN A B T AN Ao

Therefore, as for TOC, all conductivity results above the water baseline should be attributed to the contaminant in
question (e.g., the cleaning agent).

BRI, 1 TOC —#%, Frfi SR AeKFEEL EIEE RN Ti5 5, (e iEBERD At

For biotechnology cleaning validation applications, conductivity is normally not used to detect product residues.

M A RIS BRI IE IR, HE S ORI AN A TR R R R

To allow correlation of conductivity readings with concentrations of cleaning agents, a dilution

curve(conductivity vs. concentration) should be established (at a relevant temperature) by conductivity
measurements of different dilutions in the relevant range near the acceptance value.

HNRVFH SR S TE VAR AR, BOZilid R v B2 AR SCYE & A [ R
RS, JEAL (FERHORTREE) MRz CRRSE vs IRE) .

6.3.4 Visual Inspection

6.3.4 HUAE

Visual inspection is a qualitative method to determine cleanliness on specific equipment surfaces.

ARG 1 — A 7 B0 2 3R T 15 Vi Vil O S5 [R) TV

Visual inspection has been demonstrated to be a simple and effective direct sampling method in the evaluation of
equipment cleanliness.

AL 1 LA S A A% T Vi O — o ] B R EL R R T 7%

Visual inspection does have multiple weaknesses that are inherent.

HALR A B SeA IR 2 WAER A2 .

Extensive training and a detailed documented procedure are required to ensure that “visually clean” from one
operator to the next is consistent.

NERTRREMN — DN ERAEE BT —MRAEF AL “ B, KEREJIA— DA< 8)
FEFPAERE AR T L EE )

What one can visually see will vary with distance, angle, lighting, the nature of the surface and inspector’s visual
acuity.

HOLG R SREEE, MR, J6L, RN & H we8es B ARt m 224k .

Some equipment surfaces (e.g., piping) are usually not accessible for visual inspection.

—ER AR (W) EEAEZ R A.

The use of optical equipment (e.g., mirrors, remote visual cameras or endoscopes) can help to facilitate visual
inspection.

—ESTERR (e BT, @R WERAR, WETED RO RETE B H ALK A

In order to view some equipment areas, wear and tear on the equipment may occur (e.g., the disk stacks in a
centrifuge are not designed to be removed and inspected for visual cleanliness after cleaning).

T REE BIE LB A IO, TR HFE A% (i Co L B ) B 48 AN REA BT B2 PT RS B ) R A

B H AR A

In other cases, an operator may be required to enter a confined space for viewing equipment surfaces.

Ty FEL,  BRAEE AT RE R LN AN BRI A A TR S5 % R T

The visual inspection procedure should specify how operators are to deal with visual observations.

AL 2 A P PR AR T S R A 2 iy b 28 H AEE SR

Visual inspection could find four different types of visual observations: residue, surface anomalies, foreign object
and water pooling.

HAUR ] AR B AN FSS R HALEE R S, R, =4, BUK.
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Residue is the main concern, which would constitute a visual failure when one is looking at the

acceptability of a cleaning cycle.

PRER R FEOOER, E RS BUH ARG v HIE v A 0 T RS M R Ik

A sample of the residue should be collected for further testing, if possible, to assist in the investigation of the
cause.

WNERA S EE, BREEHORE RS AR A TR AN, A BT R R A

Typically, surface anomalies and foreign objects are not considered visual inspection failures for cleaning
validation purposes, but must be further investigated and corrected, as applicable.

SR, I SR AR AN BB Sy H R H ARG A R ORG24 1, (H AT IR N B A IE,
Surface anomalies should be noted and a “suitability for use” assessment should be performed to

remediate any issue(s) found.

N A 0 NS BN HEAT — A @ HIE” PR AN AT A B )

Rouge is the most common type of surface anomaly discovered during visual inspection; rouge is

generally considered a preventive maintenance problem, not a cleaning process problem.

Rouge st H AWK 25 rh A I A AR 5 2l B 3R T 008 s rouge 3 W A o — TIPS LR S 1),

AT THVERE I 1) o

Foreign objects and their removal should be noted. How the foreign object came to be in the equipment should
also be investigated.

AR FAIIL L BRI RE . AR AR 3E N Ve g N AT I 2

Water pooling should be documented, and the cause should be investigated.
PUKMBEITICR, HRBRIN AT .

All equipment surfaces that can be readily inspected visually should be visually inspected.

JIT B AR T BE R 2 B AT H A 2 1 S HEAT H AR 7

Visual inspection may not be performed on the interior of lines and tubing (although outlets may be inspected)on
equipment where disassembly of the equipment is not practical or possible, or where inspection of the equipment
could potentially be dangerous to the inspector (e.g., entry into a confined space).

HAS A AR TR EELMEEN CRARH DA DA, P& 2 AT 8 2 A RER,
B LR Ao 2 (R 1 7 AT REXAS A A TR AE I S K

A visual inspection training program should be developed for visual inspection.

H AL A 1 H A & R UIAR 7 R

Inspectors typically should be trained and/or requalified on an established basis.

For A 5 N HEAT R I B A2 L S I R B A A

If visual inspection is not possible on an area of concern, it is important to ensure that other sampling methods
(such as rinse sampling) can adequately detect potential residues of concern.

0 SR H AR A AEAE 50 B X3 AN AT REREAT 1Y, W DR ILAMEURE 772 CHnapk e BURE ) A 2 LIS 20 V8 7 B AH 5%
PEA SR AR B L EE

The use of “visually clean” alone (in the absence of other analytical methods such as TOC or conductivity) is not
generally used in the biotechnology industry, because all critical surfaces are not readily available for visual
examination.

BV ] H ATV O A 0 A 77k ToC B fi 3 30D AE AWl 25 U2 AN I . TR Ty G4
RIAAEBAE H R

6.4 Microbial Test Methods

The U.S. FDA’s cleaning validation guidance states that “Control of the bioburden through adequate cleaning and

storage of equipment is important to ensure that subsequent sterilization or sanitization procedures achieve the
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necessary assurance of sterility.”

FDA [RVEVEIRIUEYE F i T8 b 06 182 46 1 70 20T Wl FAF SR A s il AR 4 8k, X BRAIE S5 821 K 8 Bl 3 T 7
Fr ik B B2 (1) T T PRAE R AR B

Endotoxin is a concern in that steam sterilization does not destroy or remove endotoxin.

WRER S B, BIONZETTUKE AN RETH KB LR B .

Thus, both bioburden and endotoxin are typically monitored and controlled during the manufacturing and
cleaning processes.

BRI, AN N B R AR A S I AR T, AR AR f M DA 1

Typically microbiology sampling is performed during all cleaning validation studies throughout the manufacturing
process.

Az R R T B A T R SRR U ZREAT AR MR A= B

6.4.1 Endotoxin

Typically, endotoxin testing is performed for cleaning validation runs.

SR, TSI UE R AT A R RN

Endotoxin testing may not need to be tested in upstream cell culture and initial purification processes where it is
proven during process validation that one or more purification steps is able to effectively remove endotoxin that is
present.

W RER I AN T 2 AE_ L A0 B B SR AR AR P HEAT I, B3RS PP e WA AE T 20 b — > Bl 5
Z AL IRAT LSRN T 3R LRRACR

Typically, a three logs or greater reduction of endotoxin in endotoxin removal steps is required to justify decisions
not to test for endotoxin upstream.

FENBER LBRDIR, 3 AXECRAL B B 2 N R R AR A0, R R A R N #E R e IR .
Endotoxin methods are typically compendia methods.

W B3R 7 152 ST () 24 37V

6.4.2 Bioburden

Testing of bioburden is typically done through rinse water sampling, although other methods may be used.

WD KBRS A 58 AR Sk, R A v T BB A A

The benefit of rinse water sampling for bioburden is that it is convenient.

AW S IR A R AR B e AR R T 1

Typically, rinse water sampling is being performed to verify removal of protein and cleaning agent(s), so one
additional rinse water sample does not require significantly more work.

PR BBOREASE T R A B B AR VR 70 B B, BT RA— DN BIA M B 5E 7R i AN 5 22 58 22 () A

Also, bioburden testing of rinse water is typically already a qualified method for testing water systems for
bioburden.

WRBE KR IR — AN AL, i, UK R R T

The biggest weakness of rinse water sampling is that the full range of the acceptance criteria is not able to be
utilized, for example,if 100 ml of rinse water is used for testing with an acceptance criterion of 10 CFU/mL.

WP KBRSk it KB AT AR AN BB N ] . Betn: ansR 100ml bk isE 7K 4 F SR DMt
A4Sz bRk 10CFU/ml

The typical number of colonies that can be counted is 300 before TNTC (Too Numerous To Count) is achieved;
FERMG TNTC CREBMARERD 8/, HERFI A AT EH £ 300.

this only allows an acceptance criterion of 3 CFU/mL before failing to meet the acceptance criteria.

FEI R AT B2 bR UEZ AT, AR FUVE 3CFU/ml [T B2 bRt

In most situations this is not an issue; it may result in the need to test smaller sample volumes.
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FEAR Z GO N IXA R — AN X W] e 3R 2 A SE /N A B R

If this situation occurs, it is important to test an adequate amount of rinse to ensure that bioburden is detected.
INARIEFE DR A, A ORIEA DA AR I, R B PR R D A L Y

Two methods for measuring directly on surfaces are swab and contact plate method.

N5 PR AR T (R b g v SR R A B A v

For swab samples, the swab can be desorbed, and a count can be made by a pour plate method.

TR, BT DARBERR, AT AR e T 7 VR 1 4

Contact plates are directly incubated and enumerated.

FEAb A 2 B TR AU H

The biggest concern with contact plates and swab procedures is potentially exposing product contact surfaces to
an unknown media or buffer solution from swabs;

FL A ARAN SRR e K AH I ) V8 E B ™ it 55 R RN 5% 0 ik Bl P O 2 A R A 3 T

Thus, acceptable removal of this media or buffer solution should be demonstrated before manufacturing can
occur.

PRI, T B IR I B G P VIR P42 5248 BRI A A AR 7 2 BITIE ]

Another concern is that contact plates require flat surfaces.

T3 AN R R AR R P R R .

6.5 Analytical Method Validation

6.5 7 MR LGIE

This section focuses on analytical method validation for “chemical” residues.

XA FVEAG AR B 0 AT 5 VR SRR

Typically, endotoxin methods are compendia methods and do not require formal validation but require a
confirmation for their application of use or suitability.

WERITIERLITNE, AREIERRIIE, B ZE s & A .

Microbiological methods that are approved microbiology laboratory methods do not require additional method
validation.

W AE W) 2 SR8 =5 T A T A= ) T TR AN T A 1) T BRI

6.5.1 General Principles

6.5.1 FEAR 5

Since one key part of cleaning validation is setting residue limits and then measuring (using an analytical method)
the actual residues left on surfaces after cleaning, it is critical that the analytical method be appropriately
validated.

PRI S8 UE 2 A0 — B 2 VO TR B BRI, R DN (158 20 b D 418 il R T A SEE BRIk B o M 7 i
SR TATIp e | SR

Method validation is typically accomplished using the criteria in ICH Q2(R1),

Validation of Analytical Procedures: Text and Methodology. (16)

TIESAIE 2 A 5E A, AT ICHQ2(RY) M A TR ERR . WA ATV AR

However, the types of assays listed in ICH Q2 do not explicitly cover cleaning validation methods.

AEERE, ICHQ2 LFrAIRg N AR, A IR o 5 Vs 96 1UE 77 7.

Some companies will essentially validate analytical methods much like an “assay” in ICH Q2, establishing accuracy,
precision specificity, linearity and range, with the added determination of LOD/LOQ.

—EeNEPRIGUE ST, AN ICH Q2 BN —RE, EESIRETIREE, KRR, BEiE, LAEANEH,
F4ANEE LoD/LoQ [E -

LOD/LOQ must be below the acceptance limit for the sample and ideally is significantly below the
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acceptance limit so that the robustness of the cleaning process can be established.

LOD/LOQ WK T FE e MR AER B2, S8 ST I 32 Rt PR B2 DL 22 T8 vl 12 e O i P PR o7

In addition to the ICH Q2 parameters, sample stability as a function of storage conditions (time,

temperature, vial, etc.) may be evaluated if there is a significant interval between sampling and analysis.

Br ICH Q2 B hh, FESFaE I st (), IR, 5 19— IR R R,

U SRR RN 3 B 2 TA1A — > B 22 A

In cases where a nonspecific method (such as TOC) is utilized, it is not necessary to compensate for the lack of

specificity by “other supporting analytical procedures” (as suggested in ICH Q2).

NPT —ANAERFE T (B TOC) MR, A2 B JEIER) “ HoAt SR i iE e 7 2 AR A 2.

The reason for this is that for cleaning validation purposes, the limit value is not a target (as it is for a potency

assay); rather the limit is a value not to be exceeded.

TR ot DR R T S SR PR H Y, BRBEAEAS & — AN R Bl BB B — AN AN R 1 £

As long as other organic substances contribute positively to the TOC value, and as long as all measured carbon is

attributed to the target residue, such complementary methods suggested by ICH Q2 are not required.

T AR AHLAN TOC (MR, MUFTA Bl & B EEm H AR B, 1XAS ICH Q2 HEFEI TLAMP 7%

TN

Furthermore, it is not required to correlate TOC results with a specific analytical method, except to the extent that

accuracy in method validation is established using a known standard that establishes the concentration or activity

by a specific analytical method.

IEAh,  ANTRESCHER TOC 45 RAR E T 75, BRARCE M T3 A rh A F — A SR e A 2, X

ANPRAEE LR 8 7 B 7 R AL IR EEEE TS

While Detection Limit and Quantitation Limit are not part of the “Assay” requirement in ICH Q2, it is critical that

these values be at or below the preestablished limit for the residue (otherwise itwould not be possible to claim

that residues were below the predetermined limit values).

R BRI E B R A ICH Q2 & EIE R /3 2K, XS H 55 T Bl I Tk B 1) Pl s IR 2 2 AR O Bt )
(BN ARE VIR B T TUE R IR A . D

However, it is not necessary to drive detection or quantitation limits as low as possible; having detection or

quantitation limits around 10% of the residue limit in the analytical sample is ideal (but not always possible) to

establish the robustness of the cleaning process.

ANEERE, ARIAE B RS EAGE IR LR, VSIS E R M A, SR I A E B IR AE A

HER R PR L 109% VG N 2 BRARR) (AZKZAIAT) o

Assay capability should take into account both the target/limit and the process capability and provide relevant

measurements for both.

R Re ) T EI 2 RS H AR /R EE A L 2R 77, R HEIX A 77 T AR DG &

When performing carryover calculations (as is typically done for the formulation/fill side of biotechnology

manufacturing) it should be ensured that the analytical methods that will be used for cleaning validationare

sensitive enough to meet the acceptance criteria.

HPATIREATESR GREAE AL TT /AP i AT RERETED I, N ORIEAE ] T i Sk i 20 B 07 v 2 % R A

DUZE T30 2 AT 4 32 hR it

To provide reliable results for carryover calculations, the results should be equal to or above the LOQ.

NPT EIR AT E RIS R, RGPS T BT 10Q

Results between the LOQ and the LOD typically show a higher-than-acceptable variation of the resultsobtained

and are typically reported as less than LOQ.

fE LOD M LOD Z [A] 45 Rl Wl e T Al 2 /A 45 BB, TR E IR T LoQ
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For companies that use a pass/fail analytical method for meeting cleaning validation limits, analyticalmethod
validation is less extensive.

HH T A R A A — AN I/ R 23T 5ok B VIR BR T, e A T VAR R B T M

In such a procedure, the only conclusion of the analytical procedure is whether the experimental sampleis less
than or equal to the pass/fail value, or above that pass/fail value.

PR, S AT R M —— NG5 IR - IO o2 5 /N T Rdd /R MU , B0 e T e/ R A
Accuracy and precision are typically performed only at the residue limit, but linearity and range are notperformed.
R0 B MRS 2 R 38 AR B IR kAT, (R G B AT

Note that in this case, the pass/fail value selected should take into consideration any applicable correctionfactor
due to the sampling method, recovering less than 100% from the surface.

Note that in this case, It/ RIMARIESE, BT HE 7 VERO%% EEAT MR A ER Z, R Rfies ST
100%

Pass/fail analytical procedures are more likely to be part of a cleaning verification mode, used in the manufacture
of early clinical trial materials.

I/ SR TR P BE AR T W I R SR — 8, Bl P AE B e R A R A

Analytical method validation protocols may only include validation of the residue in solutions.

I3 BT TR SRAIE 7 28 W] DA ELFE VA R B B B

They may also include sampling recovery studies, although those sampling recovery studies may be performed as
separate studies apart from the analytical method validation.

AT DAL UORE IS R AT T, ERARIX SR [ SRR PT LA 7T, I i i3 201
Acceptability of the variability of results for parameters such as accuracy and precision for methods at typical
residue levels are generally much broader than in a typical potency assay.

SRR AR R s M, IR SR B KO b, D7 BRI B AR % P AR B TR S E R .
RSD requirements of 15-20% are typical.

RSD 7E 15-20% [H] 2 A& LR

6.5.2 Compendia Methods

6.5.2 Zj U7k

Compendia methods do not require separate analytical method validation, provided those methods are used
within the parameters in the compendia.

LI TR TR B S AT VI, SRR PRI e Ty v bl FH 7 24 B R T

For example, a compendia method for endotoxin is generally appropriate for measuring endotoxin in final rinse
water samples.

BEam,  —> AT 3R 0 24 ML D75 V0 R O T I B e KR N T R

When using TOC in rinse water samples (a compendia method), additional work should be done to support the
applicability of that method to test samples that could have TOC values above 500 ppb, or where a linear range is
to be established.

BRI K] TOC (AN T I, R EAECEONM TAE 2 S % M R i TV B AT N, T
PR LM TOC KT 500ppb, B# Al LARE ST L T L

Just performing system suitability as specified in the various pharmacopeias may not be adequate todemonstrate
that the analytical procedure could accurately analyze samples at 1 ppm or 5 ppm.

AT RG-S, AEVF 2 25 b AT REAS R BEUE W] 70 M AR v] LIRS A 0 A7 1ppm B Sppm 7K1
=R

For that reason, analytical method validation as for any other method should be considered.

Bt ERIE, R TARRIHA T E N M RSN A2 A E .
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An additional reason for formal method validation for TOC in rinse water samples is that the compendiamethods

are essentially set up as a pass/fail test, not as a quantitative assay.

A IERMBEAKRE TOC THERIER R 25307 VEA T BRIl RO 52, AR —

MEUHNBEER .

Measurement of TOC in swab samples does not follow a compendia method and must be validated prior to use in

cleaning validation or verification studies.

PRI TOC MIEARYE 25 80778, B AHEIF PRI UE AT 78 Z BT 30IE .

Particular attention should be given to the choice of swab, swabbing technique, and recovery of residue from the

swab (see Section 6.3.1).

VR BRI R, BEREOR, AR R

6.5.3 Visual Inspection

6.5.3 HHKE

Method validation in this case is actually the determination of a quantitative “visual detection limit” in cases when

visual examination is the sole sampling/analytical method and “visually clean” is used as the sole acceptance

criterion for the given residue in the absence of swab or rinse sampling for that residue.

FERXAM T IR SE S br B« BALRINER e BRAI, DA H ALK A SMUBORE /2 i i, R
“CRLBE L ITETE . A D BSOS B WRBREURE 45 7 B B A SRR T e pR

If visual examination is used to supplement swab or rinse sampling, such determination of a visual detection limit

is not required.

A S H AU 5 e P P B R BORE R b 7, SRR H ARSI B 2 R AN A 2

A visual detection limit under specified viewing conditions can be determined by spiking coupons of the

equipment surface materials with solutions of the residue at different levels (in pg/cm2) and by having a panel of

trained observers determine the lowest level at which residues are clearly visible across the spiked surface.

AT LR 21 AR 7 S E e e LB R T B H RN IR E . FE A R AR AN K (in - g/em?2)
ARV B T BORE by B I — A e d B I UL 3 1 E IR T T DABH B A B B BRI KF

The significance of such a visual detection limit is that if equipment surfaces are determined to be visually clean

under the same (or more stringent) viewing conditions in a cleaning validation protocol, the level of the residue is

below the visual detection limit.

ARSI PR 0 B B Ry PRIV SR UE T S B A CERBE ™) IR 264, i R B& RIEHOAA

MH T, FREACF AT H A A IR

Appropriate viewing conditions include distance, lighting and angle.

B AL AR R, AT A .

The visual limit depends on the nature of the residue as well as the nature of the surface (for example, stainless

steel vs. PTFE).

MU BR BE R T 5 B SR PEAI R T - (i AEREM Vs PTRE A1RPD

6.5.4 Bioburden Methods

6.5.4 "M ETITIE

Approved and qualified microbiological lab procedures do not require additional method validation foruse in

cleaning validation programs.

HEAEABR NG, TR & SO R AR P o A B S A S0 55 R e AN 7 TS ) 7 V230

6.5.5 Use of a Contract Laboratory

6.5.5 G lFESEIE KL

Contract laboratories can be used to develop and validate an analytical method for use in cleaning validation.

A [ 2 AT AR F SR T R A BGUE — AN vt B ik o 45 FH 1 4 47 7 1%
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The same considerations given to method validation discussed in Section 6.5.1 apply in this situation.

6.5.1 B IR K43 AT 75 VS AH 5] S A T AT EAZERP IGO0 R A

However, if the method is to then be performed by the biotechnology company, it is

mandatory to have a method transfer protocol established and executed so the method can be used “in house,”
TR, AR ITIER DB NG, DR | AT IR R J7 SRE ST, #X AN J7VE ] B
WAE N FEAE T -

If the method is developed by a contract laboratory and protocol samples are analyzed by that contract laboratory,
no transfer protocol is required.

N R T7 A B A S % AL ) I HOT RFE R B R SR = i i, WA TR EERITTE,

It is preferable that analytical method validation protocol be reviewed and approved by the biotechnology
company prior to execution of that protocol.

AEIBOR O3 B AT G FEAE T3 ST 1 o R AL A VB0 T %

If an analytical method has been developed and validated previously by the contract laboratory, the biotechnology
company must review that protocol and the final report to determine the

acceptability of the method for its (new) intended use.

U R 256 = S AN BT T E T R IF SR I B0AE, AEVIHOR A R H R T SRR AR, HA
JiEAE A TIE 252 1

If an analytical method has been developed and validated by a biotechnology company and cleaning validation
samples are to be analyzed by a contract laboratory, a method transfer protocol must be established to determine
that the contract laboratory can suitably analyze samples using that method.

UGRS3 B TR B AR AR A RIBEAT SV SAIERE G S R SR s A, JTVERE R T RO ST,
DB (7] S50 3 A A 5 2 P A3 1) 23 BT R

7.0 Cleaning Validation Protocols

7.0 EIERAES R

Cleaning validation protocols have many of the same elements as process validation protocols. For reasons of
clarity, the format of a cleaning validation protocol usually follows the same approach (as appropriate) as used for
process validation protocols for a given company. Common elements include purpose, scope, responsibilities,
applicable product(s) and equipment, cleaning SOP, acceptance criteria and a requirement for a final report. Key
elements for cleaning validation protocols include residue limits (see Section 4.0), sampling procedures (see
Section 5.0) and analytical methods (see Section 6.0). The organization and rationale for cleaning validation
protocols for biotechnology manufacturers is fundamentally the same as for other pharmaceutical manufacturers.
TSRS R EA S T ZRAETT R R ER . S o 1, W56 UE T 580 Rl 8 s T 250 0E Ty
FPTARRE GFERD o RFEEROFE AR, a5 WA i SOP. IR IR K
X B AR R . TR T R R E R AR EIRE (20 400 - BUEERRF (B0 5.0 Kot
T (B 6.0) o XA RUL, TR T 5 B SV AN A S B A BT S HE IR A
7.1 WEERAIETT 3

7.1 Cleaning Verification Protocols

Protocols for cleaning verification purposes are the same as for cleaning validation, except that the protocol is
specific to one cleaning event. From a compliance perspective, the protocol applies only to the one cleaning event
(although from a scientific perspective the data may suggest similar performance if

the cleaning event were repeated). Another difference is that because a verification protocol is typically
performed on a unique cleaning event, there may be limited cleaning development before execution of that
protocol. Alternatively, companies might use a concept that defines explicit requirements for cleaning verification
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in an SOP and documents the specific activities, sample positions, etc., on a form, which will be approved.
TN 07 S 5IEEIER) H AR, XA T RAFE —OFE s . NEMAESE, AT RNGEH
T EEES) OB AAES, 5 EEHATRMNEEES), B TR e DU os R ERe) .« 5
—ANERE, B MRIATT RIEHE 2 KME—E RSB, BT RATT S BRI R B AL T RE A R
B, AR ARESIXFEM, fE—AY SOP HEAHRIE TIHEHIAIIER, JRE AT EHHE R &k ERE —
LEAFIRIE S, HUREAL B AR

7.2 FETVEANAR B () O ] R

7.2 key Issues Based on Regulatory Changes

It is assumed that the validation protocol is not written and approved until the cleaning process has been
designed and developed (see Section 3.0). This is particularly important as it relates to a life cycle approach to
validation. Two key issues for protocols, each of which is in a state of flux because of regulatory changes, are
discussed below.

— RNy, IEE L2 B IR 58 BUE AT S T R SIE T S IF At HE (3, Section3.0)  , BIH 5L
ER Ay M5, PrPAR — ROCHE 2 T RA M RB A, b — N BEE A2 AL T
Ak, PRt

7.2.1 J7 &SRR

7.2.1 Number of Runs in a Protocol

The traditional approach for cleaning validation protocols has been to require an evaluation of a

minimum of three consecutive runs of the cleaning processes. By consecutive, it has meant that no cleaning
events of that same process are skipped without appropriate rationale.

This practice is in flux because of changes in approach by the U.S. FDA; the Agency no longer suggests a minimum
of three runs. (17,18) Rather, the manufacturer must provide a rationale (based on its understanding of the
process) for determining the number of runs. Providing such a rationale is not straightforward for cleaning
processes, and some companies specify in their master plans that three runs will be required unless there is a
written rationale for a different number. It should be noted that as of publication of this Technical Report, the
question of the “number of runs” remains a significant issue in terms of applicability to cleaning validation and
global harmonization for cleaning Validation.

TS SR 77 S AR Gt 7 sUE SR PPN 220 = ANEGA R IS IS AR . IE SR R IR & AR SRR T
AT B B PR RTE R F R A X RSB US.FDA JETE AR SR AW AZ 1L ; FDA
AN = AR, T R A T G S oS T S I OB IR G TR B o 2
PEIZFE— MEE N FIE A B, 7 7 ZAEAATH R b B RLE AT =0 RE, BRIES A
T UE I IE SEAN R R ) S B . NAZAR Y, EARORIR S AR, AT 77 300 1IE e FH 96 [ S S e
IESNESRINEPS

A, XA “HE” B A EE RO,

7.2.2 FFEFKA

7.2.2 Worst-Case Process Conditions

The traditional approach for cleaning validation protocols has been to include worst-case process

conditions in the three protocol runs. Worst-case process conditions may include maximum dirty

hold time, maximum batches in a campaign, use of different operators for manual cleaning, shortest allowed time
for manual cleaning steps, lowest allowed temperature for manual cleaning processes, and worst-case circuits for
CIP skid selection. Parameters such as temperature, cleaning agent concentration, and process step times for
automated cleaning processes are generally controlled in a narrow range such that challenging the cleaning
process at the lower or upper end of the specification is not appropriate. In this traditional approach, worst-case
process conditions may be addressed in each of the three required validation runs, unless there is adequate data
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from the design and development of the cleaning process to support worst-case conditions in fewer runs.
TR T SR AL S0 CAE = UOBERIE B8 T iR ZEL K. REFM T REEHRK “dirty hold
time” (F84E/7 45 W RIFHIT IR 7)), b2 KAtk Tl b A FEIEN RIEH . FahE 28R
VPR, FaEE RN RIR AR VRRE & aP (FEZIEDE) SKID IR 2 [Fl#% o 38 KB S5 E
T VR PR E K | Sl Vit R e PR A 20 BRI ) 80 AE — NP I IV [ A, B e AR I A v b e b Bk ik
BT —RAE LK ELGTNEY, =REIEP R — AT se iR i 2 256 1F, BRIEA 28 KBS TR P
Bt SR BERLAT PASCRAEBUD LR .

8.0 maintenance of Validated state

8.0 KR LED

A key part of the validation life cycle for any system is maintenance of the validated state. This

section deals with activities after the cleaning process has been designed and developed and after the formal
validation protocols have been successfully executed. This is critical for cleaning validation, because a lapse in the
validated state has the potential to adversely impact the quality, safety and purity of subsequent batches of the
same or different products. The main tools for ensuring the continued maintenance of the validated state are
change control, risk-based periodic monitoring and data trending review. Additionally, training and retraining are
important areas of control for manual cleaning processes, as they are the primary mechanisms for controlling the
cleaning cycle. In each of these three areas, knowledge of the design space (see Section 3.8) should be applied.
AR YL S AT Ar] 2R 58 1 SR A= i J I A0 — S S A RS o X070 N A 2 4RIEVE I AE & B AT &
I HAERIGAEJT 5 O D S 5 TG Bl o 4ESF 0 T vl SR ik 2 28 8 R,

CLIRHIE IR 25 R R 2K W] BE 2000 B JS 267 AR 1R 3OS R P i O BB, e AN i R AN R B2 . B DR D3RR
DY RFEYEY 1) T ETBOS AR AR Je T U 0 72 I 42 S B i@ s iir . 34, BRI s sl A
T E AR R, FOVEATR S W E 26 . DL E=ANT70, SR6EE BB E
HER (0, 3.8 #70) -

8.1 KRS HI=H

8.1 Critical Parameter Control

In controlling a validated cleaning process, it is of utmost importance to understand the critical

parameters used to control the cleaning process. Typically these include cleaning agent concentration,
temperature, flow rate and times for all processing steps. During the design phase, an appropriate level of
understanding of the process and its variability should be obtained to design a cleaning process capable

of addressing this inherent variability. Once the process is well defined, there are a variety of control

strategies that may be used.

One control strategy is to set minimum and/or maximum values for each of the key parameters

during a cleaning cycle. In this model, each of the steps of the cycle has a defined range that must be

monitored and maintained during each execution of the cleaning cycle, and each parameter does not vary

outside that range. This approach has an advantage in that that it is straightforward to implement and

control.

FEX —A CRAEH R P R, BIE M T EhE S AR s S RO B BN W%, IS
R TR B LA DR ] BB B, NS R AL AT A M W AR PR, DA
BTt R RIX AN A TE AT AR I BT VE TR P o 7 A8 2 3 5 e o B O ) SRS SR 8 TV AR o 128 3R
i —, FE— M AR O R 8 S MO B /A B KA . R ARG, v B TS D B
A S IRARIVE RS TR S R b s R AT IR P GRS, BRSSO AS AR H
EHITE o IX AR AE T8 T DL E R AT Sl A4 )

8.2 Ji IS At il

8.2 Control by Cycle Feedback
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Another control strategy is to use analytical feedback to determine cycle step length. For example, the final rinse
for a CIP cycle may be continued until the rinse conductivity indicates adequate

completion of the rinsing step. This approach has elements of Process Analytical Technology (PAT) (see Section
11.8) to ensure the cleaning cycle is appropriately controlled. In the example given,

other control parameters, such as temperature and cleaning agent concentration, are maintained

in their appropriate ranges. Furthermore, it must be ensured in the design/development steps that conductivity is
adequate to measure process step completion. Based on the initial validation, other analytical results (e.g., TOC)
may be deemed more indicative of cycle step completion. However, since the cleaning of biotechnology products
is accomplished by highly alkaline and/or acidic cleaning agents, conductivity is usually an appropriate indicator of
completion of the rinsing step. If one ensures minimum and maximum values are set for other critical parameters
and uses these values in concert with control of the rinse time based on analytical feedback, this approach will
yield appropriate control of the cleaning cycle.

Ty AP HE R I IS o BT S S s P BRI . B, —AS CIP (FEZRIEBE) i) A ) e Ao B R 48
B TR ERIMBE PRI e . XMIUTEEE T PAT (AR ITHEOR, 20 11.8 #70) KINE,
A AR ORI v PR O 4 AR BT RG] 5, AR S EmiR B L T IR B AR A S X I RE
VO N ES . RN, ARV AR B 2 DR S R DA E AR D BRI FE B ARAE BRI G AE,  H
firAras R (Flin TOC) FIRes EAF IR/ I BRI S . SR, BRI ZE M i s v A A T 9 R /e
JIT DAL 3 2608 R FR R R D P IR GE IIE R bR . IR T DU R A O S R W B T R RIME, I
EARYE 73 B S A FH X 6 5 R it TRV A — BRI 3R AN 52K o 1 v ol 190177 AR i 2 8

8.3 IR E

8.3 Process alarms

Another key component of applying design space to cleaning processes is alarming of critical

parameters. In an automated CIP cycle, alarms may be based on a variety of parameters, such as

temperature of the wash and rinse solutions, conductivity of the recirculating wash solution, pressure at the spray
device, flow though various circuits, and conductivity of the final rinse. There are a variety of approaches to
cleaning the equipment on which an alarm occurred. In all cases, the cause of the alarm should be investigated.
One strategy is that on specified alarm conditions, the cleaning cycle may be restarted. For example, if inadequate
cleaning agent concentration occurred (as indicated by an alarm on the wash cycle conductivity), the cleaning
cycle can be restarted from the beginning after appropriate actions are taken to ensure the alarm does not reoccur.
This is a conservative approach and ensures a complete cleaning cycle is performed, but care must be taken that
alarms are noted and trended to ensure cycle performance is not trending towards being ineffective and to better
correct repetitive problems. Alternately, the step in which the alarm occurs may be restarted. This approach
strikes a balance between ensuring cycle performance and minimizing cleaning time, as the entire cycle does
nothave to be repeated. Automated alarming is generally not done in manual cleaning operations. However, if
cleaning agent dilution is confirmed by conductivity, or cleaning agent temperature is confirmed by temperature
measurement, measurements outside the specified range can serve as an “alarm.” In addition, for all cleaning
processes, visual inspection after cleaning can serve as an “alarm.” In all cases, it must be ensured that cycles
performed during validation are not “best case” due to alarm conditions. For example, if equipment is soiled, and
during the initial validation of the cleaning cycle alarms occur that result in multiple rinse steps being completed,
this cycle is no longer representative or worst case, but best case.

B2 B S T SRR P o — AN BT R R S H AT E . fEEE) ap AT, REREZAZ
B, WE VRN GERAIR L . PR VR E S R WIE R BN 2RI KRS SR A
3R AAFETEIEE HIARE B R . TR T, NS RE H IR RE . —A5E 27 T
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8.4 AT

8.4 Change Control

A robust change control system is critical to ensuring maintenance of the validated state for cleaning processes.
The change control system must cover all key parameters and components of the cleaning system to ensure that
all changes with a potential to impact maintenance of the validated state are evaluated. This includes not only
changes in the cleaning process, but also changes in equipment and changes in the manufacturing process (for
example, a change in temperature in a manufacturing process) which might affect the performance of the
validated cleaning process. Quality preapproval and robust tracking of changes are key requirements for this
system.

The change control system should provide for a review of each change by an interdisciplinary team. This must
include a review of current validation for the equipment being changed, and depending on the nature of the
change, may result in laboratory, pilot scale and/or commercial scale evaluations. Significantly major changes may
result in the decision that the new cleaning process requires separate validation as a new process. There are some
important considerations for designing the test plan to verify changes; review of the design space will assist in this
evaluation. First, control parameters must stay within their validated ranges or must be revalidated. For example,
if the pump on a CIP skid is validated to deliver water between 5 and 10 liters per minute, and the desired change
is to increase the flow rate to 12 liters per minute, new validation testing is required to verify that the pump is
capable of delivering the desired flow before validation of the cleaning cycle can occur. Second, the acceptance
criteria for analytical methods should remain unchanged from the previous validation unless there is a justified
reason for the difference. This is to ensure that changes result in maintenance of the validated state rather than
creation of a new state, which may require significant testing to ensure it is still

validated. Finally, reduced sample sites and/or fewer analytical methods may be appropriate in many cases to
confirm validation based on a change. For example, if the effect of the change is only on bioburden, then it may be
appropriate to evaluate only bioburden in studies that evaluate the effects of the change. These differences must
be justified in the testing plan/protocol.

— AN SR AR B AR A R G I ORI VE AR SRR A B4R i oS8 . AR AR RGE S A IS E RS
HIRBESHONANE, DR T AT eI IR 4R 1AL SEAS 2 PPAl . RAMNEFRSEREF R E, 1
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Jo 2 T A T i i 3 BB I AR B R G O

FEA AR R Gih, AR EAH R K B BABEAT DAl DAL ZEL & 0 A8 51 2% [R) A0 BRAIE B PR A
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8.5 RIAZEMIFL

8.5 evaluation of Cumulative Changes

Equally important as a review of each individual change is the review of the cumulative impact of

changes on a system. This review must provide evidence that the cleaning cycle meets prescribed

requirements. It is possible that many minor changes (each deemed to have no impact on the validated state)
could have an impact when considered in total. This review of cumulative changes should take two approaches.
First, a documented analysis (i.e., review of the changes and the impact these changes will have on other parts of
the process) of the changes should be undertaken on a regular basis. Second, process performance and alarms
must be monitored (as discussed above) to ensure continued maintenance of the validated state and system
performance.

75— [RIAE E )R A B AR B PR O TR B AT R G R BRI Pl . PR 2 RE
IEWIETE AT S AE ZoR e i — LoV (BRSNS M RAAE BN, RTaes
A, RPVRERIEE MR R B, B A AR AT SO b (E, AR TETE
il RIX AR R o op HA Y S 52D  Hk, @ AR v ae AR, R BRI, DA ER 5R
RS RGN RE B 4E S

8.6 Periodic monitoring J& 5 2

Another tool for ensuring maintenance of the validated state is a risk-based periodic monitoring program. A
periodic monitoring program may provide analytical data to be trended. In most cases involving automated
processes, the data are provided by the CIP equipment itself. For example, data may be generated by the CIP skid
on wash solution conductivity, final rinse conductivity, temperatures, times and pressure. In other cases, separate
sampling may be established for data collection, such as rinse bioburden or TOC. Visual examination after each
cleaning process is another type of periodic monitoring. For routine use, however, visual inspection typically does
not involve disassembly of equipment solely for the purpose of that inspection.

Iy BRI IRAS AERF 1) 02— T KUK K 8 RS AE 7 o 58 WA A2 Fe T AR B 23 B B8 T ida 3%,
KEEOS, Bt h cp Bk B SR 4tr. , BdEnaet Cp iFivE SR 4E, RZ&HBKE S
MR MR ). HABIE AL, AT RLBR L S AR it s S AR, s e I A P ST B TOC, K
TEE A B o) — MR U A . HAUHE, B EEE A 7Oy TR Em iR E i .

A documented risk-based approach should be used to optimize compliance in an efficient manner. This could
include leveraging family approaches, reduced sample sites and reduced analytical methods. When defining these
approaches, the inherent risk associated with a given cleaning process and historical experience/data should be
considered. For example, when performing the initial validation on a bioreactor, TOC may be measured via a
variety of swab and rinse samples. However, with the proper data analysis, it may be appropriate to measure only
rinse TOC during periodic monitoring. Historically it was considered acceptable to perform periodic revalidation on
cleaning processes in lieu of periodic monitoring. However, this approach yields a much less robust picture of the

state of control of the cleaning process

Page 60 of 95




IE5GT D ER

FEAZAE FH — A SO R T RS VA R T & i m A 77 e AT REA R BEAR S, gt/ BURE i F a2
OIMTe T REIX LG T VAN, AR G ] i v R KU R A T LA SR AR R AR IS . e A
S ERFEAT ARG UL, TOC A R B El bk e K BORE , SR, e ol 4 i) 8 2o iy, 7 8 RS M 4
Hr, FTRE TOC AAN HEBE K o 3o 25 92256 75 Y J AT APRAT A S 12k () P96 TE TS e AR A s ST 0 SR
AT A A B R IR T B T R

8.7 Trending %

Trending of cleaning cycle performance, analytical data from routine monitoring, and alarms are another
recommendation to ensure continued cleaning cycle performance. When trending any of these data sets,
procedures must be in place to initiate an investigation when adverse trends are observed, even if ineffective
cleaning cycles have not occurred. Trending of cleaning cycle performance data is important for identifying
potential cleaning cycle issues before they result in ineffective cleaning cycles. For example, a slowly increasing
trend in the final rinse conductivity may not be indicative of an ineffective cleaning process. However, such a trend
should require an investigation of the cause. In the example given, it may be that the spray device is becoming
clogged, in which case it should be cleaned, and appropriate steps should be taken to prevent clogging in the
future. On the other hand, it may be a result of a fouled conductivity sensor. Alarm monitoring and trending will
indicate cycle failure, though it will not proactively identify potential issues, as is desired. The incidents of all
alarms should still be trended to determine if additional process controls are required to reduce the frequency of
alarming.

TRULA RS R I, o e N B H AR E RS 53— N A ORI S AT T A IR e . e B sl
R RPN SR BRI RS, AR R A TCRSE Ve A . ad5 i U A I T R Biodie =2
AR BT TR AITE L IR G Y R A 3 BOERURTR YA . B0, S 1838 N it 3575 S Jm R e v 3 ]
REANE TR TE B R AU B o SR TTD, IX M3 NAZ 7R ER B IR K. R4 P17 b, X T R RN 4 B
WHEZE AEIXFE IR, & RAZIE U, BER BUE A ey 1L 28 . 53— J7 1, X 7] Be2 1 Ti5 Yl AL s . ik
LA R FE o BRI, AR E A2 SR BITEE ) A A 2 BEAR ) . SRR RO SR g R T
i B R R A AR PR R

9.0 Master Planning For Cleaning Validation

9.0 BAEHRITEE KL

All validation activities should be planned. The requirements for a cleaning validation program

should be defined and documented in a master plan or an equivalent document. While in principle the parts of a
cleaning master plan may be the same for all drug manufacturing, certain specifics of the master plan for
biopharmaceutical manufacturing will be different because of the significant differences between manufacturing
and cleaning for large molecule biopharmaceuticals and for small molecules. The plan should provide a
description of responsibilities and activities for the planning and execution of cleaning validation. This is best
accomplished by a specific cleaning validation master plan. This plan would be described in the overall site
validation master plan. The cleaning master plan may be all-encompassing. However, an alternate approach is to

have a high-level cleaning master plan and then a cleaning execution or project plan, which has more detailed
Page 61 of 95




IE5GT D ER

explanations of the validation requirements. These documents are living documents that should be reviewed and
updated on a regular basis. A report to the plan should be written periodically to summarize the major activities
executed under the plan during that interval.
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The cleaning master plan will describe the overall plan, rationale and methodology to be used in performing
cleaning validation. The plan should provide a high level description of the cleaning validation philosophy and
strategy that will support the validation activities performed at the site. Detailed procedures on the execution of
cleaning validation will be in individual protocols. The plan will define the efforts required to ensure the cleaning
program complies with CGMPs. The validation activities are documented according to the requirements of the
plan to provide sufficient scientific rationale to assess the suitability of the cleaning program in order to
consistently clean equipment to the required specifications. During a regulatory inspection, an inspector may ask
to review the master plan and then look at the specific validation protocols and final reports to determine if the
plan is appropriate and to assure that the elements of both the plan and individual protocols are being followed.

9.0 Master Planning for Cleaning Validation

All validation activities should be planned. The requirements for a cleaning validation program should be
defined and documented in a master plan or an equivalent document. While in principle the parts of a
cleaning master plan may be the same for all drug manufacturing, certain specifics of the master plan for
biopharmaceutical manufacturing will be different because of the significant differences between
manufacturing and cleaning for large molecule biopharmaceuticals and for small molecules. The plan should
provide a description of responsibilities and activities for the planning and execution of cleaning validation.
This is best accomplished by a specific cleaning validation master plan. This plan would be described in the
overall site validation master plan. The cleaning master plan may be all-encompassing. However, an
alternate approach is to have a high-level cleaning master plan and then a cleaning execution or project plan,
which has more detailed explanations of the validation requirements. These documents are living documents
that should be reviewed and updated on a regular basis. A report to the plan should be written periodically
to summarize the major activitiesexecuted under the plan during that interval.
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The cleaning master plan will describe the overall plan, rationale and methodology to be used in performing
cleaning validation. The plan should provide a high level description of the cleaning validation philosophy
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and strategy that will support the validation activities performed at the site. Detailed procedures on the
execution of cleaning validation will be in individual protocols. The plan will define the efforts required to
ensure the cleaning program complies with CGMPs. The validation activities are documented according to
the requirements of the plan to provide sufficient scientific rationale to assess the suitability of the cleaning
program in order to consistently clean equipment to the required specifications. During a regulatory
inspection, an inspector may ask to review the master plan and then look at the specific validation protocols
and final reports to determine if the plan is appropriate and to assure that the elements of both the plan and
individual protocols are being followed.
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9.1 Elements of a Comprehensive Plan

9.1 SEHETHRIAIHE K

The master plan should address each important aspect of the cleaning validation program. Elements of a
master plan and the appropriate detail provided for those elements will depend on the practices of the
specific facility. Some companies may include more detail in the master plan, while other companies prefer
to include that detail in procedures consistent with the master plan. Elements of a master plan may include,
but are not limited to, the following topics:
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Purpose of the plan

Scope of the cleaning program

Designation of responsibilities

List of equipment to be validated

Definitions and glossary of terms

Prerequisites to cleaning validation ( e.g., equipment and utility qualifications)

Spray device coverage testing

Use of various cleaning systems (e.g., CIP, COP, mechanicalwashers or manual cleaning)

Cleaning reagents and mechanisms

Cleaning cycle development requirements

Definition of the production cleaning cycle

Precleaning methods (e.g., presoaking or inactivation of biologics)

Soiling solutions

Definition and use of “worst-case conditions” associated with a cleaning process (e.g., flow rates or step
durations)

Description of family approach and grouping of products/equipment/systems based on similarities, including
an approach to determine “worst-case product” based upon attributes that impact cleaning (e.g., solubility of all
components in the “soil”)

Use of dedicated or shared equipment; single use (disposable) equipment
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+ Definition of circumstances in which cleaning verification is preferred or acceptable (e.g., clinical stages)
+ Specific approaches for cleaning upstream vs. downstream bulk process equipment
® Elucidation of approaches for cleaning bulk vs.formulation/fill manufacturing equipment
+ Strategies for non-product surfaces,such as lyophilizers
+ Use of quality risk management to determine the scope and extent of validation activities
+ Establishment of design space based on cleaning parameters and use in ongoing monitoring
* Chromatography and ultrafiltration system requirements
+ Use of mock (blank) runs
* Equipment hold study approaches (e.g., dirty hold, clean hold or storage hold)
* Microbial contamination (e.g., bioburden and endotoxin)
+ Sampling techniques (e.g., visual inspection, rinse sampling or surface sampling)
+ Training/qualification for sampling techniques
* Analytical methods (e.g., validation and recovery requirements)
+ Rationale for the use of product-specific assays and nonspecific assays
+ Calculations and/or rationales for limits for process residues, microbial contaminants and cleaning agents
+ Routine monitoring/validation maintenance
+ Change control and revalidation requirements
*  References
+ Attachments/appendices (e.g., various tables or lists of items within the realm of the plan such as a

responsibility matrix or a list of cleaning circuits)
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9.2 Harmonization of Site Cleaning Programs

AP S IS VAR Y P

For a product made at more than one site, the cleaning requirements should preferably be the same, where
appropriate. For example, if the process equipment scale is different, or the type of cleaning equipment
available and/or cleaning process is different (e.g., CIP skid vs. manual), the programs can only be
harmonized to a limited degree. The analytical methods used to determine the level of cleanliness should be
the same, but the acceptance criteria may differ for any limit that is based on batch size and equipment
surface area. The same would also apply to some degree if a contract manufacturer were making the same
product. However, there is an additional consideration, since the contractor is also obliged to follow his own
master plan. A contract manufacturer may validate their cleaning process using techniques and procedures
that differ, but the resulting validation must be compliant and must meet appropriate regulatory
expectations. Any critical differences should be addressed up front in the quality agreement with the
contractor.
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9.3Cleaning Validation Activities as a Function of Clinical Stage
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Validation requirements will vary according to the stage of the product. It may not be feasible to do cleaning
validation for equipment processing clinical materials, since typically a limited number of lots are being made,
and the manufacturing process may not be locked in yet. Therefore, extensive cleaning process design and
development required for cleaning validation is not warranted. In these situations, cleaning verification
should be done using testing that is equivalent to that used in the validation program. The analytical
methods might not be validated to the same extent as for an
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analytical method used for a cleaning validation protocol. In these cases, their suitability has to be assessed.
The test results are used to release the equipment before the next use.
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In processing clinical materials, cleaning validation may be possible for process support equipment like buffer
and media vessels. The support equipment can be qualified using a worst-case soiling solution in a grouping
strategy (see Section 11.1). However, in the future, if a new worst-case soiling solution is identified,
validation would need to be performed on that new worst case.

Cleaning validation may be considered for late-stage clinicals and is required for commercial manufacturing.
It may be acceptable to do cleaning verification for late-stage clinicals, for example, if sufficient lots are not
manufactured and cleaned at the same siteusing the same conditions.
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10.0 Risk assessment and Management

DR Pl A0 2

Quality Risk Management (QRM) is a readily applied and logical process that iseffectively used to support the

planning and strategy for maintaining a system or a process under continuous quality oversight. The many
benefits of a quality risk management process include, but are not limited to:

Improved planning and preparation to prevent potential failures
Increased understanding of the critical aspects of systems, processes and products
Improved stakeholder relationships through better communication
Increased levels of assurance through documentation of the decision-making process
Reduced risk to patients by modifying processes to eliminate or reduce risk
Improved detectability of fault conditions
Optimization and prioritization of qualification efforts and resources
Selection of test methods and acceptance criteria which are aligned with critical quality attributes of products
Compliance with regulatory requirements or expectations
Assistance in maintaining processes in a state of control
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The role of risk management is integral to the design and validation strategy for manufacturing systems. Risk
management is a continuous process. Key inputs and data are analyzed and evaluated, and risk mitigation
measures are implemented to ensure the outputs of the design are appropriately considered and verified,
and that the subject system is demonstrated as fit for purpose. Cleaning and cleaning validation
requirements are determined from inputs related to the knowledge of process systems, soils and equipment
cleaning aids (e.g., chemical and mechanical features). These requirements are subject to a design review
and then verified in accordance with the acceptance criteria that are used to prove that the system
requirements have been achieved.

Product knowledge, process knowledge, regulations and quality attributes are used to develop the
requirements for cleaning and to define the technologies that will best support the cleaning of
manufacturing systems and components. Issues that may impact cleaning include: soil type, cleaning process,
equipment design and configuration and availability of utility services. Process knowledge is used to
determine CPPs and define CQAs. Examples of each are presented in Table 10.1 below.

Table 10.1 CPP and CQA Considerations that have Potential Risk Impact to a Cleaning Process
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Table 10.1 CPP and CQA Considerations that have Potential Risk Impact to a Cleaning Process
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QRM involves elements of risk assessment, risk control and periodic review to ensure continuous and
effective control. The quality risk management process is best supported by a team of Subject Matter
Experts that have an appropriate level of experience from various areas such as operations, technical
services, engineering, quality control, quality assurance and regulatory. The experience and diversity of
the team provides the opportunityto identify and address all conditions that impact CPP and CQA for the
cleaning or manufacturing process.
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10.2Techniques and Tools for Risk Management and Assessment

10.2 USSR HAI PRl A 5 92 T A

Techniques and tools for risk management include process mapping, brainstorming, Hazard Analysis and
HACCP, FTA, Cause and Effect Analysis, HAZOP, and FMEA. Risk assessment is initiated early in the life
cycle process starting in the planning, development and specification phases of the cleaning process. Risk
evaluations are performed periodically. Feedback data is used to make decisions that impact the cleaning
process.
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Risk analysis is integral to the change management process. The impact of a proposed change is
evaluated for quality and safety impacts, and the outcome of the assessment is used to drive the
activities that are required to effectively implement the change. Low-risk change tasks (such as an
increase in rinsing time) may require little to no additional testing. High-risk change tasks (such as a
change in the nature of the cleaning solution) may require a significant level of testing. Risk analysis can
also be used to determine the economic impact of a change. It may become evident that a proposed
change offers no economic benefit; consequently the change is not implemented.
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In summary, quality risk management is a systematic process that involves elements of assessments,
development of controls and continuous review throughout the life cycle of the cleaning process. The
risk assessment process is effective at identifying CPPs and CQAs. Risk management tools are used to
generate data and drive decisions. This information is used to affect risk mitigation, and it reduces risk to
an acceptable level. Risk assessments should be documented so that critical factors are identified,
decision pathways are understood, and the information is effectively communicated to the stakeholders.
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11.1.2 equipment Grouping

Grouping of equipment is an efective method for encompassing equipment from a limited popula-tion of
systems undergoing cleaning validation without redundant testing. The grouping strategy is based on
designating equipment as “identical” or “similar,” based on design and cleanability. Once equipment has
been placed within a designation, the designation defnes the cleaning validation requirements. If it
involves identical equipment, a protocol with a minimum of three validation runs involving any
combination of three equipment items in the group is performed. Provided an adequaterationale is
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given for determining the equipment items are identical, there is no need to perform validation runs on
every item in the group. For similar equipment, the representative equipment is the worst case or may
involve bracketing of equipment. For example, for storage tanks of the same size but of diferent
complexity, such as the number of bafes, the more complex equipment is chosen as the worst case. For
similar equipment of diferent sizes, the largest and smallest (representing the extremes) may be chosen
for the formal validation runs (unless one size can be determined as the worst case).
Confirmatoryvalidation runs (perhaps only one run) are an option for other equipment (not a worst case)
within the group.
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11.1.3 Introduction ofa New Product or New equipment Into a Group

The introduction of a new product into an already validated group is then assessed using the same
evaluation process to initially determine the worst-case product. It is recommended that when each new
product is tested, a suitable control, such as the previous worst-case product, is included. Relative
product cleanability is then used to determine validation requirements for that product on equipment
used for other products in that group. The relative cleanability of the product in relation to the preceding
worst-case product will dictate the validation requirements. Based on a risk assessment, introduction of
an easier-to-clean product may just require laboratory and/or scale-up studies to confrm ease of cleaning
or may require a confirmatory validation protocol. Introduction of a more difcult-to-clean product will
require validation of that new worst-case product.

Based on risk considerations, introduction of new identical equipmentmay just involve determination
that it is equivalent or may require an additional confrmatory validation protocol. Introduction of new
similar equipment requires an evaluation if that new equipment represents a new worst case or a new
extreme. If not anew worst case or new extreme, a confrmatory validation protocol using only a visually
clean criterion can be used. If the new equipment is a new worst case or extreme, the validation
requirements for the previous worst case or extreme should be repeatedfor the new worst case or
extreme equipment.
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11.1.4 Conclusion
The use of product and equipment grouping may be usedto streamline cleaning validation programs while
ensuring sufcient data to support the validation of procedures, processes and equipment associated with
cleaning. The grouping program for a given facility or company should be in a well-defined validation
program/validation master plan.
11.1.4 45
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11.2 Cleaning agent Issues
Equipment cleaning processes in the biopharmaceutical industry often involve a pre-rinse with water, an
alkaline wash, an acid wash and a series of water rinses.
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11.2.1 sodium hydroxide Wash
A commodity alkali such as sodium hydroxide is often used for the alkaline wash step. Thehigh pH and
alkalinity of sodium hydroxide solutions enhance solubility of most organic process residues, and in some
cases facilitate hydrolysis. Sodium hydroxide is also widely available, relatively inexpensive and, being a single
component, relatively easy to analyze and validate for cleaning agent removal. Commodity cleaners such as
sodium hydroxide, however, may have limited efectiveness for tenaciously adhered or baked-on
proteinaceous residues, cell debris and antifoams. They also have limited wetting characteristics and soil
suspending ability. The higher pH of sodium hydroxide also facilitates the precipitation of salts or oxides of
such ions as calcium, magnesium and iron, if those ions are present during the cleaning process.
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11.2.2 acid Wash
Theaddition of an acid wash step after the caustic wash may overcome precipitation and buildup of
inorganic compounds and help broaden the spectrum of soils cleaned although at the expense of adding
another cycle. In addition, maintaining a clean surface and limiting the deposition and buildup of iron
or other anodic contaminants may help minimize the potential for stainless steel corrosion and rouge
formation.
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11.2.3 Formulated detergents
Formulated detergents are multi-component cleaning agents that take advantage of several
diferentcleaning mechanisms, thus providing broader spectrum efectiveness. In addition to the
mechanisms of alkalinity and hydrolysis ofered by a commodity caustic, a formulated alkaline detergent
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mightprovide improved wetting and soil penetration, emulsifcation, chelation of calcium, iron or other
inorganic ions, and might facilitate dispersion of particulates in one wash step. Despite the use of
chelating agents and the broad spectrum efectiveness of formulated detergents, rouge buildup may still
be observed over a period of time, and a periodic derouging process may be necessary, particularly in
applications that involve aggressive process conditions such as SIP.
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11.2.4 Issues in selection

A number of factors besides broad spectrum cleaning efectiveness need to be considered when
selecting detergents. These include rinsability, quality, consistency, substrate compatibility, stability,
safety, toxicity, assay suitability, environmental compliance and assured long-term availability.
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11.3 special equipment Issues

11.3 FRER A 0]

11.3.1 Chromatography Columns

ik i

Chromatography columns are typically used in protein purifcation processes. In contrast to equipment
like fermenter vessels or tanks used in purifcation that are cleaned empty, for batch-to-batch cleaning
within a campaign of the same product, the columns are clean packed with resin after the batch is
processed. The cleaning processes for the chromatography resin packed into the column are process
specifc and depend on the type of resin used. Resin cleaning and reuse is out of scope of this document
and is described in detail in PDA Technical Report No. 14, Validation of Column-Based Chromatography
Processes for the Purifcation of Proteins. (19).
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Since chromatography columns are cleaned with resin packed into a column, the resin cleaning process
also cleans the column housing. Therefore, after unpacking a column, product-and process-related
impurities on the column surfaces are already removed to a certain extent. However, it is common
practice to clean an empty column after a column is unpacked. Column frits or sieves are normally
product dedicated due to their porosity and the difculties to validate removal of product-and
process-related impurities. In moving from a campaign of one product to a new campaign of a diferent
product, they are removed prior to column cleaning and stored for further use. Typically, a manual
cleaning process using the same or similar cleaning agents as for tank cleaning is used for the cleaning of
the column housing. After cleaning, the same cleaning validation principles (such as limits) applied to

tanks can beutilized.
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11.3.2 Tangential Flow Filtration (TFF) Filter systems

11.3.2V) [ JE R 5

Similar to chromatography columns, tangential flow filtration filter housings (also called filter holders)
are cleaned together with the membranes after a batch has been processed. The cleaning processes for
the filter membranes packed into the filter housing are process specific and depend on the type of
membrane used. TFF membrane cleaning is out of scope of this document and is described in detail in
PDA Technical Report No. 15, Validation of Tangential Flow Filtration in Biopharmaceutical Applications.
(20)
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11.3.3 Centrifuges

In many biotechnology processes, centrifuges are used at the end of fermentation to remove cells from
cell cultures or to separate bacteria from the fermentation broth prior to further processing. Many
centrifuges can be cleaned in place; others have to be manually cleaned.

Cleaning complex pieces of equipment like centrifuges can be challenging. For instance, not all surfaces
which have been in contact with the fermentation broth can be easily reached. Special attention has to
be given to hard-to-access areas of the equipment, both in the cleaning process and in the evaluation of
that cleaning. After cleaning, the same cleaning validation principles (such as limits) applied to tanks can
be utilized.
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11.4 multi-host Facilities

Cleaning validation is performed to demonstratethat residual material or cleaning agents remaining on
shared equipment surfaces following the manufacture of one product are controlled to below acceptable
levels so that the shared equipment may be utilized for the manufacture of a subsequent product
without impacting the safety, identity, strength, quality or purity characteristics of the subsequent
product. In order to maintain a successful cleaning validation program for a multi-host facility involving
both cell culture and bacterial fermentation processes, thevalidation strategy must consider not only
cleaning agent and process residues, but also specifc requirements for each process step necessary to
maintain drug quality throughout the manufacturing process.
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Robust cleaning validation programs for multi-host facilities should ensure that cleaning procedures are
appropriate for all processes/systems used in the facilities. The successful cleaning validation program
for a multi-host facility will ensure the cleaning/sanitization/changeover procedures control residual
process residues to below acceptable levels for all products made in the facility.
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11.5 Non-product Contact surfaces

Non-product contact surfaces may be defined in different ways by manufacturers. One way is to regard
any equipment surface that does not directly contact the drug substance (the active) or drug product as
non-product contact. Examples under this definition might be lyophilizers, equipment used solely to
manufacture and transfer buffers and media, and equipment to process drug product after completion of
primary packaging. Other companies may choose to define some of these surfaces as “indirect product
contact,” since in the case of buffersand media, any residues left on equipment surfaces after cleaning
will contact the next buffer/media and will eventually contact the drug substance manufactured with
that next buffer/media. Because of the limited impact of these indirect or non-product contact surfaces,
requirements for cleaning validation can be reduced or cleaning validation can be eliminated in certain
situations.
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11.5.1 equipment for Buffers

For buffers, which generally have components that are readily water soluble, cleaning is generally
relatively easy and may be done with either water alone or a dilute caustic solution. Concerns about
cross-contamination of buffers arenot necessarily based solely on the carryover of the buffer
components, but on any efects residues might have on production efciency or production quality.
11513 & 22 X
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Based on a risk analysis, cleaning validation of buffers may only involve acceptance criteria of
visuallyclean and conductivity. Although some companies may also choose to include a measurement of
TOC, conductivity is the better method because of the fact that the buffers are readily water soluble and
highly conductive. Measurement of bioburden may also be utilized, depending on a risk analysis based
on the growth promotion properties of the buffer. Measurement of specific residues may be
appropriately done by rinse sampling because of the water solubility of the buffer components.
Grouping of buffers and selecting the worst case for cleaning validation is also a valid (and common)
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approach for cleaning validation of buffers.
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11.5.2 equipment for media

The situation with media is similar to that of buffers, except that media are generally much more difficult
to clean, such that cleaning solutions containing alkali are used. Concerns about media carryover are also
not necessarily based on safety concerns related to carryover of the media components, but on any
effects that media residues might have on production efficiency or production quality of drug substance
made utilizing the next media batch. Cleaning validation may include the criteria of visually clean, with
measurements of TOC, conductivity and/or bioburden after cleaning. TOC is used because of the organic
nature of the media components. Conductivity confirms removal of the alkaline cleaning solution.
Bioburden is measuredbecause the media typically enhances microbial growth. For concerns about
endotoxin from gram-negative bacteria, endotoxin may also be evaluated. Because of the design of
equipment for media manufacture, rinse sampling alone may be adequate. However, the solubility or
degradation of media components should be considered as part of the risk analysis for performing
rinse sampling only. Grouping of media and selecting the worst case for cleaning validation is also a valid
(and common) approach for the cleaning validation of media.
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11.5.3 lyophilizers

Acceptable (meaning saleable and meeting all product specifcations) drug product never touches
lyophilizer surfaces; contact of drug product with lyophilizer surfaces generally only occurs because of
broken vials or vials that tip over and spill during loading. However, because of the close proximity of
lyophilizer shelves to open product, and because of a perceived airborne transfer of residues on the
shelves to open vials, cleaning validation is typically performed on lyophilizers used in formulation/full
operations. Typically, only WFI is used for cleaning lyophilizers because of the concern of leaving cleaning
solution residues inside the Ilyophilizer. Cleaning procedures for lyophilizers may alsoinclude a
precleaning step to remove broken glass or spilled product before the validated cleaning procedure is
performed. Carryover calculations for setting limits are typically not applicable to lyophilizers because
the indirect contact with the next product precludes any scientifcally based calculation as conventionally
performed for direct product contact surfaces. The most common acceptance criteria for cleaning
validation of lyophilizers are a visually clean requirement and/or a measure of TOC. Since direct
carryover calculations are not applicable, TOC limits are typically based on one of the following criteria: a
10 ppm TOC criterion in any desorbed swab sample, or a TOC limit the same as the TOC limit for any
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direct product contact equipment immediately before or after the lyophilizer. The logic of the latter
approach is that indirect contact equipment is less of a risk than direct product contact equipment;
therefore, if the indirect is held to the same requirement as the direct, then the product should be
acceptably protected. Bioburden may also be measured during cleaning validation of lyophilizers;
however, lyophilizers generallyundergo an SIP process after cleaning.
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11.5.4 Packaging equipment

Once the drug substance is in its primary packaging, the risk of cross-contamination is relatively low.
Cleaning processes should be used on the packaging lines after primary packaging but do not require
cleaning validation. The main concern with cross-contamination is broken vials, which release product.
Cleaning processes for such situations should be considered; however, because contamination of the
next product may only involve contamination of the outside of the primary packaging, cleaning
validation becomes a major concern only if that spilled product has some unusual toxicity concerns. In
those cases, a dedicated line or a cleaning step known to deactivate or degrade that drug active should
be considered. Such a degradation process may appropriately be confrmed in a laboratory study
demonstrating degradation or deactivation of the active.
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11.6 Viruses, mycoplasma and Prions

The biological nature of materials and processes used in biotechnology production presents
uniquechallenges for equipment cleaning and cleaning verifcation. Besides product and product-related
residues and those residues that may remain from the cleaning process itself, viruses, mycoplasma and
prions are another concern for product contamination. However, viruses are not routinely addressed in
cleaning validation protocols or programs, but in viral clearance studies and/or as part of process
validation.
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11.6.1 Control steps

While the primary control measures are viral clearance process steps, testing for viruses and mycoplasma
in the unprocessed bulk, and exclusion of raw materials that might contain viruses, mycoplasma and
prions, specially designed cleaning processes might also be needed in some cases. Control of raw
materials is essential, especially for plasma and plasma-derived products and those derived from animal
materials —through vendor certifcation, incoming QA inspection and QC testing. Recombinant and
“non-animal origin” materials should be used wherever practicable throughout all processing steps;
however, viruses have been found to contaminate non-animal raw materials due to exposure during raw
material storage, either at the raw material vendor or at the manufacturing site due to adventitious viral
contamination. Also, mycoplasma that can replicate in mammalian cell culture often have a plant source
and may be a contaminant in plant peptones. Since mycoplasma contamination can also be due to
humans, proper gowning and personal hygiene are critical to control contamination. Additionally,
sterilization ofequipment used in cell culture, fermentation and finished product manufacturing may
provide additional assurance of product that is free of viruses and mycoplasma.
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11.6.2 Control by Cleaning

Equipment cleaning using caustics and/or acids at appropriate ranges for the cleaning parameters of
time, temperature, concentration and action is also essential to successful biocontamination control. The
use of cleaning solutions containing sodium or potassium hydroxide is widely practiced in the industry.
NaOH has been shown to be efective for inactivating most viruses. A U.S. FDA/CBER guidance provides a
regulatory perspective on prion inactivation methods:

“TSE agents are quite resistant to most disinfecting regimens. There is no current consensus on specific
details of decontamination requirements for blood products. However, methods of destruction of
TSE-implicated material include steam autoclaving at 132°C for 1-4 hours, incineration, or treatment
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11.5.4 Packaging Equipment

Once the drug substance is in its primary packaging, the risk of cross-contamination is relatively low.
Cleaning processes should be used on the packaging lines after primary packaging but do not require
cleaning validation. The main concern with cross-contamination is broken vials, which release product.
Cleaning processes for such situations should be considered; however, because contamination ofthe next
product may only involve contamination of the outside of the primary packaging, cleaning validation
becomes a major concern only if that spilled product has some unusual toxicity concerns. In those cases,
a dedicated line or a cleaning step knownto deactivate or degrade that drug active should be considered.
Such a degradation process may appropriately be confirmed in a laboratory study demonstrating
degradation or deactivation of the active.
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11.6 Viruses, Mycoplasma and Prions

The biological nature of materials and processes used in biotechnology production presents unique
challenges for equipment cleaning and cleaning verification. Besides product and product-related
residues and those residues that may remain from the cleaning process itself, viruses, mycoplasma and
prions are another concern for product contamination. However, viruses are not routinely addressed in
cleaning validation protocols or programs, but in viral clearance studies and/or as part of process
validation.
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11.6.1 Control Steps

While the primary control measures are viral clearance process steps, testing for viruses and mycoplasma
in the unprocessed bulk, and exclusion of raw materials that might contain viruses, mycoplasma and
prions, specially designed cleaning processes might also be needed in some cases. Control of raw
materials is essential, especially for plasma and plasma-derived products and those derived from animal
materials —through vendor certification, incoming QA inspection and QC testing. Recombinant and
“non-animal origin” materials should be used wherever practicable throughout all processing steps;
however, viruses have been found to contaminate non-animal raw materials due to exposure during raw
material storage, either at the raw material vendor or at the manufacturing site due to adventitious viral
contamination. Also, mycoplasma that can replicate in mammalian cell culture often havea plant source
and may be a contaminant in plant peptones. Since mycoplasma contamination can also be due to
humans, proper gowning and personal hygiene are critical to control contamination. Additionally,
sterilization of equipment used in cell culture, fermentation and finished product manufacturing may
provide additional assurance of product that is free of viruses and mycoplasma.
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11.6.2 Control by Cleaning

Equipment cleaning using caustics and/or acids at appropriate ranges for the cleaning parameters of
time, temperature, concentration and action is also essential to successful biocontamination control. The
use of cleaning solutions containing sodiumor potassium hydroxide is widely practiced in the industry.
NaOH has been shown to be effective for inactivating most viruses. A U.S. FDA/CBER guidance provides a
regulatory perspective on prion inactivation methods:

“TSE agents are quite resistant to most disinfecting regimens. There is no current consensus on specific
details of decontamination requirements for blood products. However, methods of destruction of
TSE-implicated material include steam autoclaving at 132°C for 1-4 hours, incineration, or treatment with
1 N NaOH or concentrated sodium hypochlorite for at least 1 hour. These treatments are known to
diminish (but may not completely eliminate) infectivity.” (21)
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11.6.3 Conclusion

Although cleaning processes are generally not designed to remove viral, mycoplasma or prion
contaminants, a well-designed, robust cleaning procedure can be an effective process partnerin a
facility’s overall biocontamination control strategy.
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11.7 Single-Use Equipment

Single-use equipment or components may be considered in place of reusable equipment that requires
cleaning. Single-use technology has significantly evolved over the lastdecade and is being rapidly
implemented in biopharmaceutical manufacturing since the introduction of the single-use bioreactor.
Single-use equipment may include anything from carboys, storage bags, bioprocess containers, filter
systems, tubing and connection devices to bioreactors. Many of these components are available
presterilized (e.g., by gamma irradiation). Such single-use items offer possibilities to simplify the handling
of critical process steps and significantly reduce contamination risks, especially for multiproduct facilities
and for contract manufacturers. The economic and operational advantages of single-use equipment stem
largely from eliminating cleaning and sterilization, reducing the utilities that support these operations,
and enabling rapid equipment setup and turnaround.
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Along with the benefits of single-use equipments, there are risks and limitations to consider. Most
single-use items are polymeric materials. All polymeric product-contact materials and components used
in cGMP manufacturing must be assessed to determine if the polymer is safe, and if it is compatible with
the solution it is in contact with. Thorough evaluation of potential extractables and leachables is
necessary to ensure the safety and quality of the drug product and to maintain compliance with
appropriate regulatory requirements for extractables/leachables. Most companies address this as part of
process validation and/or qualification of the single-use item.
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11.8 Process Analytical Technology

PAT is defined by the U.S. FDA to be “a system for designing, analyzing, and controlling manufacturing
through timely measurements (i.e., during processing) of critical quality and performance attributes of
raw and in-process materials and processes, with the goal of ensuring final product quality.” (22)

The U.S. FDA further notes that “the term ‘analytical’ in PAT is viewed broadly to include chemical,
physical, microbiological, mathematical, and risk analysis conducted in an integrated manner.” Much has
been published about PAT in general and about PAT in many processes; the reader should consult those
references for general background on PAT. However, there are limited publications about PAT in cleaning
processes and cleaning validation (23-26) as compared to PAT for other manufacturing operations. The
emphasis for PAT here is for the use of a feedback loop from the analytical measurement to control a
cleaning process or cleaning process step. It should be noted that consistent with PAT principles, the
timely measurement could be in-line, on-line or at-line.

“Timely measurements” have long been used in cleaning processes to assist in the design of rinse cycle
times in automated CIP systems, including those in the biotechnology industry. For example,a common
practice in the design of the rinsing process has been to measure conductivity of thefinal rinse as a
function of rinse time. Conductivity is a useful parameter for this determination,since cleaning in
biotechnology manufacturing usually involves highly alkaline and/or acidic cleaningagents, which possess
significant conductivity (in addition to the conductivity of the manufacturedproduct and/or its
degradants). If evaluated over several cleaning process runs in the design phase, aminimum time to
consistently complete the rinsing process can be effectively determined. A safetyfactor (additional time)
may be included as part of this determination. While such a study in thedesign phase would be
appropriate for a PAT application, unless it combines the timely measurementwith a feedback
mechanism to control the cleaning process during commercial cleaning processes, itwould not be
considered PAT. As described in this paragraph, the purpose of the timely measurementis not to control

the rinsing process, but to assist in selecting a fixed rinse time.
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11.8.1 PAT for Cleaning Process Control

The more relevant use of PAT for cleaning processes is the use of a timely measurement to define the
completion of a cleaning process step. In this case, the achievement of a certain analytical measurement
is a controlling mechanism for completion of that step. In the situation referred to previously about
measuring conductivity online, if it is possible to determine that the achievement of a certain
conductivity correlates with the end of the rinsing process, conductivity could be employed in a PAT
approach. That is, the rinse time is not fixed, but could be variable depending on the time needed to
achieve that predetermined conductivity value. In addition, consistent with PAT principles, it would be
expected that the achievement of that conductivity value would be within a defined time window. The
U.S. FDA PAT guidance states “Within the PAT framework, a process end point is not a fixed time; rather
it is the achievement of the desired material attributes. This, however, does not mean that process time
is not considered. A range of acceptable process times (process window) is likely to be achieved during
the manufacturing phase and should be evaluated, and considerations for addressing significant
deviations from acceptable process times should be developed.”(22) For example, achievement of a
desired conductivity in a very short time could be due to insufficient cleaning solution in the cleaning
process. Achievement of the desired conductivity in a very long time may be the result of a clogged spray
device. In both cases, a final conductivity is recorded and a final rinse time is recorded. However, in the
traditional approach time is the step-controlling parameter, and conductivity is the monitoring
parameter. In a PAT approach, conductivity could be the step-controlling parameter, and time would be
the monitoring parameter.
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Sometimes there is an inappropriate objection to the use of PAT in this way, because it seems to violate
the cleaning validation principle of not cleaning until clean (or testing until it’s clean). However, one of
the features of PAT is that traditional rules of what is done for validation may not apply. As noted in the
U.S. FDA’s PAT guidance, “Systems that promote greater product and process understanding can provide
a high assurance of quality on every batch and provide alternative, effective mechanisms to demonstrate
validation (per 21 CFR 211.100(a), i.e., production and process controls are designed to ensure quality).
In a PAT framework, validation can be demonstrated through continuous quality control whereby the
process is continually monitored, evaluated, and adjusted using validated inprocess measurements,
tests, controls, and process end points.” (22)
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While this example of conductivity as a timely measurement to control the rinse process has been used,
there are at least theoretically other opportunities for timely measurement to assist in the cleaning
process design. For example, timely TOC measurements during the washing step may be indicative of the
minimum time needed to complete the washing step (before rinsing is initiated). By this, it is meant that
as proteinaceous soils are removed from the equipment surfaces in the washing step, it would be
expected that the TOC in the wash solution would increase and then level off at a time when no more
soil is removed (that is, the wash step is complete).
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11.8.2 PAT Measurement Tools for Biotechnology Cleaning Processes:: ¥4 R i& it 12 7 I PATIA L
Currently, the most common tools with potential PAT application in biotechnology cleaning processes are
conductivity and TOC, because these can be measured online in the cleaning or rinse solution. Surfaces
techniques, such as NIR for surfaces, may not be practical for timely control, because such techniques
involve measuring for residues after the cleaning process is completed, not during the cleaning process.
HAT, AR U8 35 V35 R8P e o L I PAT IS 2 L3 8 K TOC, BRI b T e Bk bk v VL P LAFE 2k
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Conductivity sensors are readily available for in-line measurements and have been widely used for in-line
monitoring (but not necessarily for control). Online TOC does not involve an in-line sensor, but rather a
“sipper tube” which diverts a stream from the process piping to the online instrument (U.S. FDA calls this
“on-line in a diverted stream”). One concern about the use of TOC in this way is the delay between taking
the sample and the output of the actual measurement. Another concern is that if the instrument is
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continually taking and measuring samples during a cleaning process, earlier samples with high TOC values
may carry over to the following sample and cause a false high reading. Of course, if the process is
performed until the desired TOC value is achieved, there is an assurance that the process is adequate,
because that possible carryover situation reflects a worst case.
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11.8.3 Additional Considerations for PAT

PATH H A5 &

It should be noted that in the conductivity example described in Section 11.8.1, all aspects of traditional
cleaning validation are not avoided. If conductivity were the measure of a residual cleaning agent, and if
only sampling rinse water were acceptable for determining residues of a cleaning agent, a PAT approach
of measuring conductivity asa rinse step control parameter would also provide assurance that the
cleaning agent was adequately removed for each and every cleaning process. However, it would not
address issues of residues of the active and/or bioburden. Those residues would have to be measured in
the traditional manner, unless a timely measurement of those residues could be utilized.
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It should be clarified that rapid and/or online methods by themselves do not necessarily constitute PAT.
As discussed previously, online conductivity can be a routine monitoring tool in a cleaning process step
without controlling a process step. Online TOC (other than during the design phase) is not the use of PAT,
unless the achievement of a certain analytical measurement of TOC determines and/or controls the
completion of a cleaning process step. The same is the case with rapid microbiological methods. Rapid
methods may enable one to obtain lab data faster, but unless those measurements determine and/or
control the end of a process step, they are just rapid monitoring tools, not PAT tools (although they have
the potential to bePAT tools).
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The examples given illustrate the use of PAT for process design and for process step completion. In an
ideal world, PAT would be used for real-time release of cleaned equipment and would be used instead of
cleaning validation. However, at this time the tools to utilize PAT to confirm that equipment surfaces are
appropriately clean (measuring removal of active, cleaning agent, bioburden and endotoxin in the case of
biotechnology manufacturing) have not been adequately developed to enable real-time release for

cleaning biotechnology equipment.
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11.9 Product Changeover/™” i 7 it

Much biotechnology manufacturing involves campaigning. In a campaign, the same product is made
again and again. However, typically between each batch in a campaign, validated cleaning is performed.
At the end of a campaign, some additional steps may be taken to prepare the equipment for the
subsequent campaign of a different product. This extra precaution typically involves performing an
additional cycle of the same validated cleaning process used for cleaning between batches in a campaign.
Because of concern about possible migration of residues (particularly product active) into gasket
materials, or more accurately, into the interstices between gaskets and stainless steel surfaces,
changeover of soft parts such as gaskets may also be done after the initial cleaning. During changing of
soft parts, a more comprehensive visual examination of the equipment surfaces is made. Following
reassembly of the equipment, the validated cleaning process is repeated. Routine monitoring of both the
initial cleaning and the final cleaning is performed as is normally done. Some companies also might
perform a specific analytical test (such as an ELISA procedure) as an extra check for the previous active
protein in the final rinse water of the second cleaning. It should be recognized, however, that the
likelihood of any native protein surviving one cleaning process, much less two cleaning processes, is very
remote.
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An alternative is not to change out those soft parts based on data showing no migration of residues into
interstices between gaskets and stainless steel surfaces or analysis based on potential carryover. Such
data can be based on studies on commercial equipment, on scale-up equipment, and/or in a laboratory
simulation. In such cases, one validated cleaning cycle is used both between batches of one campaign
and for a campaign changeover.
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Certain equipment is generally dedicated to a given product. This includes chromatography resins and
ultrafilters. Cleaning may be done on these items within a campaign; however, at the end of the
campaign the resins and ultrafilters are cleaned, but typically are not used for campaigns involving
different products.
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11.10 Clean Hold Considerations

Following cleaning, equipment that is to be reused should be stored in a manner to protect it from
contamination during storage. Criteria used to determine acceptability of storage conditions may include
lack of bioburden proliferation, endotoxin level and visual examination. A major regulatory concern is the
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control of bioburden proliferation during the storage of equipment. Even if equipment is sterilized prior
to use, it is prudent to measure bioburden after the clean hold time to ensure that the subsequent
sterilization is not excessively challenged. This is also important from the standpoint of the control of
pyrogens from gram-negative bacteria, which may not be removed or inactivated by sterilization
processes. (8) Storage instructions should be specified in a control document, such as the cleaning
procedure or approved storage procedure.
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The best procedures are to store cleaned equipment in a dry state or in a solution that inhibits the
proliferation of bioburden. If equipment is to be stored in a dry state, manufacturing controls should be
in place to ensure that equipment is sufficiently drained and dried upon completion of the cleaning
process, as well as to minimize the amount of condensed water accumulation in the equipment after
cleaning due to equipment cooling. In addition, it is preferred that equipment be stored in a manner to
prevent external recontamination. If stored in a dry state (that can be unequivocally established as dry),
and if protected from external contamination, formal studies to demonstrate lack of bioburden
proliferation may not be necessary. Based on sound scientific principles, bioburden will not proliferate on
clean, dry surfaces. If stored in an inhibiting solution, the solution should be known to inhibit bioburden
growth (such as dilute caustic) or data should be developed to demonstrate inhibition.
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If the equipment is stored with a possibility of water in all or parts of the equipment, there are two
common strategies to control microbial proliferation during the storage of equipment. One strategy is to
establish an acceptable time between the end of cleaning and the beginning of the next use (which may
be sterilization, sanitization, or a manufacturing process step) by performing a clean hold validation.
After a predetermined storage time, sampling by a suitable method is performed and the post-hold data
is compared to the data at the beginning of storage. If rinse sampling is used, it should be ambient
temperature water so that whatis measured is the bioburden remaining on surfaces (the use of a hot
water rinse may reduce the bioburden in the rinse solution). Bioburden (and possibly endotoxin) levels in
the equipment are measured to ensure that levels would not challenge the sterilization or sanitization
procedures or exceed in-process manufacturing specifications.
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If clean hold validation is not performed, or if the validated clean hold time is exceeded, a validated
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water (usually hot water) flush may be used before sterilization, sanitization, or use of the equipment to
reduce any microbial proliferation that might have occurred during storage to an acceptable level before
further manufacturing or processing on the equipment. After the water flush, sampling (by rinse, swab or
plating) is performed. Bioburden (and optionally endotoxin) levels in the equipment are measured to
ensure that levels would not challenge the sterilization or sanitization procedures or exceed in-process
manufacturing

specifications.
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For clean hold time studies using rinse water being fed from process lines, a few common approaches to
establishing the acceptable amount of rinse water to use are based on the minimum working volume of
the system or the minimum CIP rinse based on the design. Bioburden values in any rinse sample should
be compared to the measured bioburden values based on the equivalent rinse sampling at the beginning
of storage. It is preferable to collect the entire volume of rinse solution and agitate it for a specified
period of time to ensure homogeneity before collecting the sub-sample for testing.
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For buffer and media vessels, when operational controls are in place to minimize bioburden, and when a
risk assessment demonstrates that there is minimal risk to product quality as a result of the control
procedures, a clean hold validation may not be necessary.
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Validation of clean hold studies on a given piece of equipment should be able to be applicable to all
products using that equipment and to all cleaning processes for that equipment, provided the final state
of the cleaned equipment and the storage conditions are consistent. If a validated clean hold time is
exceeded, an assessment should be made as to the need for corrective action. Appropriate corrective
actions before use or further processing may include cleaning the equipment again using a validated
cleaning process or using a validated hot water rinse (as described above) to bring bioburden to an
acceptable level. If any changes to the equipment, manufacturing processes and/or cleaning procedures
are made, the impact of these changes on the clean hold studies should be evaluated.
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12.0 Regulatory Issues

2R

Most regulatory documents dealing with cleaning validation do not make any explicit comments about
biotechnology manufacturing or about how cleaning validation might be different for biotechnology as
compared to other pharmaceutical manufacturing. The general principles laid out in regulatory
documents, i.e., limits should be “practical, achievable, and verifiable,”(8) apply equally to biotechnology

Page 85 of 95




IE5GT D ER

manufacturing and small molecule pharmaceutical manufacturing.
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Below are specific regulatory comments relevant to biotechnology cleaning validation:
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1.The WHO Working document QS/03.055/Rev.1 includes a statement about the use of ELISA as an
analytical technique for biopharmaceuticals. (27) However, that statement is not of much help, since
most biopharmaeutcials degrade in the cleaning process.
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2. The U.S. FDA’s “Q&A on CGMP”(updated 2005) provides a rationale for allowing the use of TOC for
cleaning validation purposes. (28) While it does not specifically mention use for biotechnology,the
biotechnology industry is among the biggest users of TOC for cleaning validation.
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3. The U.S. FDA inspection guide for biotechnology has the following statements about “cleaning
procedures:”
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“Validation of the cleaning procedures for the processing of equipment, including columns, should be
carried out. This is especially critical for a multi-product facility. The manufacturer should have
determined the degree of effectiveness of the cleaning procedure for each BDP [Biotech-derived
product] or intermediate used in that particular piece of equipment.
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“Validation data should verify that the cleaning process will reduce the specific residues to an acceptable
level. However, it may not be possible to remove absolutely every trace of material, even with a
reasonable number of cleaning cycles. The permissible residue level, generally expressed in parts per
million (ppm), should be justified by the manufacturer. Cleaning should remove endotoxins,

bacteria, toxic elements, and contaminating proteins, while not adversely affecting the performance of
the column.”(29)
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Following these two paragraphs are additional commentson cleaning procedure, limit and
analytical/sampling issues. However, other than the explicit comment about including residues of
bacteria and endotoxin, there is little that is specific to biotechnology manufacturing.
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YR IR I, 0 TR E AR P BOR i3 Y  AR 2D

4. The U.S. FDA guidance for lyophilization of parenterals states the following:

FDAJG 1 k) 745 r L2 a0 F

“One could conclude that if contamination is found on a chamber surface after lyophilization, then
dosage units in the chamber could also be contaminated. It is a good practice as part of the
validation of cleaning of the lyophilization chamber to sample the surfaces both before and after
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cleaning.”(30)

TR DS XRS5 18, WRAEGR T )5 Al SR T A TS A, B4 s 5 N IO 24 et L AT BE TS
TR IR UE AR I B JS 20 BRI 8 — MR 10 %. 7(30)

This probably means that if contamination of shelves from external sources (such as hydraulic
fluid) is found after lyophilization (and before cleaning), it is likely that the same contaminant is in
vials. However, if that is of concern, that is a maintenance issue and probably belongs as part of
preventive maintenance rather than cleaning validation. Note that this statement has an implicit
assumption that cleaning validation is performed for vial lyophilization.

KA[RERARE, WRGTE GEEZHD ERHE R SNEMTS G (Bl ERid , R nT6e
[FIREG G 127 5. ARSI 2 N, XA v, w] REJ&E T TR 4L 1) — 73 1
AN FETEEIUE o BRI PP — BB B BT 0 E A2 S R T 24 e 4T 1

5. The Health Canada, Health Products and Food Branch Inspectorate Guidance, Cleaning
Validation Guidelines (11) states the following about biotechnology manufacturing:

INERPARE, ™ A G B R R, TSR R (L1)R T AE Y EORFIE YA
“Relevant process equipment cleaning validation methods are required for biological drugs
because of their inherent characteristics (proteins are sticky by nature), parenteral product purity
requirements,the complexity of equipment and the broad spectrum of materials which need to be
cleaned.”

EZ AR T2 HTE S SR T AR L TR, RO SN R RE CGREMERRD 2B
W TE 25 25 AR RE R . VB I B AR A S i v R ) ) s A s A

It furthermore states the following about bracketing (grouping) for biotechnology manufacturing:
XEAE (33 EVBARGIE 3 — D R

“For biological drugs, including vaccines, bracketing may be considered acceptable for similar products
and/or equipment provided appropriate justification, based on sound, scientific rationale is given.Some
examples are cleaningof fermentors of the same design but with different vessel capacity used for the
same type of recombinant proteins expressed in the same rodent cell line and cultivated in closely
related growth media; a multi-antigen vaccine used to represent the individual antigen or other
combinations of them when validating the same or similar equipment that is used at stages of
formulation (adsorption) and/or holding. Validation of cleaning of fermentors should be done upon
individual pathogen basis.”

RETEMZ G, BN, HRESER TR REAGBRIRIENY, T RS &2 AR A/
B . —EE RGBT AR BOHEEEA RN T AEE VI SR B IR0 Bh 55 IR A R 26
TG DG S 40 i R AL B BRI 2 PR ) AR A I BRI (IR A/ R4
LRSS EAH [F) SR AA B £ FO TR AL G o R T SRR PR 77 ¥l 96 UE I AE A AR P B il b kAT o

6. ICH Q7 Good Manufacturing Practice Guide for Active Pharmaceutical Ingredients (10) contains in
Section 18.0, “Specific guidance for APIs manufactured by cell culture/fermentation.”It provides GMP
guidance on the cell culture/fermentation manufacturing process for biotechnological product and some
small molecules.

ICH Q7 5K ZGMPTE T (10) 0 % 7E 3 1718.0, “Id i 40 M 3% 77/ A T A 7 il R 24 R R R FR R . 78
SRft 1R FHAR MRS F5/ R W 2 A7 AR b — 8N 1 2RI GMPFE RS

At the beginning of the section, it states that,“in general, the degree of control for biotechnological
processes used to produce proteins and polypeptides is greater than that for classical fermentation
processes.”It further explains that,“APls produced by classical fermentation are normally low molecular
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weight products such as antibiotics, amino acids, vitamins, and carbohydrates.”

ZE TR ER 4R, SR, 0T B BB 2 IR AE P AR HOR T2, e i ke
TEE™ . 7. Bt DR, “RAG IR T 24 M ER 258 H 28 T2 5, iER,
IR, YR, MREE. 7

Q7 states the following regarding equipment cleaning for cell culture/fermentation:

ICH Q7 5% -4 1% 5% / R B 48 5 Vil (R 7 AN R

“Cell culture equipment should be cleaned and sterilized after use. As appropriate, fermentation
equipment should be cleaned, sanitized, or sterilized.”

“Shared (multi-product) equipment may warrant additional testing after cleaning between product
campaigns, as appropriate, to minimize the risk of cross-contamination.”

“YH L 7R R A A P S BTG D KR o LB R A ROE e . Y EE K .

SR (0D BRGNS E, &SRR AT AN DL 28 X5 GRS .

Q7 states the following regarding equipment cleaning for harvesting, isolation and purification:

ICH Q71 5 TISER L 43 B ARG il B & Vil IR A I

“All equipment should be properly cleaned and, as appropriate, sanitized after use. Multiple successive
batching without cleaning can be used if intermediate or API quality is not compromised.”

BT VAl JE AN 0E i, AT R R W SR AN R p R e R R 2 S, AT DU SRR
ZHEIEE. 7

Q7 states the following regarding equipment cleaning for viral removal/inactivation steps:

ICH Q75 T T35 B/ 5 20 BRBL A& T 775 O A B A R

“The same equipment is not normally used for different purification steps. However, if the same
equipment is to be used, the equipment should be appropriately cleaned and sanitized before reuse.
Appropriate precautions should be taken to prevent potential virus carryover (e.g., through equipment
or environment) from previous steps.”

Al — BB A TR AP BR SR AL R — 6 3, R F O A AT R AT 3 2
TEEFITE . NORHUE Y W Ty 15 B 1B AT L ek s (i, @S s o

7. I1CH Q5A, Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines of Human or
Animal Origin states the following regarding validation of column cleaning and regenerating from viral
inactivation perspective:

ICH Q5A, KT NEBh Y4 28 B9 A HEOR T i B B 22 A PR PP b 50 1 A B K05 A1 BE B0 UE 7
BRI A AR B A AR

“Assurance should be provided that any virus potentially retained by the production system would be
adequately destroyed or removed prior to reuse of the system. For example, such evidence may be
provided by demonstrating that the cleaning and regeneration procedures do inactivateor remove
virus.”(31)

RGBT AL F AT ZRORAIE A 7 2 G P AT A P RED B B0 35 BER 78 70 KIG B B o 9140, Wl id 32
PEUEHEUE T 73 BT el I A0 P A 1 RS SR 25 RO BRIE B 1

While these are specific comments from guidance documents, it should be recognized that regulatory
inspectors may (and should) have additional expectations for cleaning validation in biotechnology based
on current industry practices and on their past experience with similar companies.

BIRX LA TR SO B AR R I, ERGZ R BT IAT BT W S2 B S R AR /]
28y, WENAEE (I HMZD S AEYIEARAT R R0k S M .

13.0 References % ik
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14.0 Suggested Reading 7 51E
ANE
15.0 Appendix-Carryover Calculations Pff -5% B4 115
Note: In the calculation examples that follow, the recovery based on sampling (percent recovery) is not
included. For companies that utilize the sampling recovery to“correct”the limit, that factor should be
included in their calculations.
e AEEI TR S, AR TR R (R o TR FEBORE [l 242 1R BR B A 2
A, RN AR AEARA TR T R
Example 1:This example is based on the dose of the active for formulation/fill manufacturing. It is based
on a 1/1000 minimum therapeutic daily dose of the cleaned active.
B1: AT S 0 A 7 S PR R B BT R I T R BN BT R
1/1000.
MinTD: Minimum Therapeutic Daily Dose of the active of cleaned product
MinTD:J/ V7 s PR R 23 B/ VR T 7
MBS: Minimum Batch Size of next drug product made in the same equipment
MBS: [A] — a4 1T — A2y i i/t E
MaxDD: Maximum Daily Dosage of next drug product made in the same equipment
MaxDD:[F]— B¢ &2 1 —A> 24 il B i K FHR YT )&
SF: Safety Factor
SF: 4 H¥
Example for products A and B: if
CAP= i AFIB I : %
*MinTD = 25 mg (or 25,000 ug)
*MBS= Minimum Batch Size of the following drug product B = 1000 L
*MaxDD= Maximum Daily Dosage units of drug product B =10 mL
*SF =1000
*MinTD = 25 mg (2%25,000ug)
eMBS= /" imB /Mt E = 1000 L
eMaxDD= 7 ilBH 5 K H VA YT 7 F#= 10 mL
SF =1000
The limit in the next product is calculated by dividing the MinTD by the SF and the MaxDD:
N7 i R B PR B 3@ i MinTDRR ASFRIMaxDD 5 :
25.000ug (MIinTD)

Limit in next product "~ — 7= i 5% BE PR /& = =2.5ug/mL

1000 (SF) x10ml (MaxDD)
Since this calculated value is more stringent than 10 ppm (10ug/g, or approximately 10ug/mL), this value
will be used for subsequent calculations.
H Tzt A5 R L 10ppm B )™ 4% (10pg/g, EkZI10ug/mL) , Ja &t B i tbas R .
The Maximum Allowable Carryover (MAC) is calculated by multiplying the limit in the next product
by the MBS:
BRI E (MAC) 2 HIFR R BREE R LU T — 7 i ) i /Mt ETHRAT H
MAC = 2.5ug/mLx1,000,000 mL =2,500,000ug
The limit per surface area can then be calculated by dividing the MAC by the shared surface area

between the two products. Continuing with the same example, if the shared surface area is 120,000 cm2,
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then the limit per surface area is:

B TR PRAE AT LB MACKR AP A i R SE 2 AR 5. AR RN Bl 4k 2, Rt 2 i AR
120,000 cm2, ) LA R HIAR FRAE Y -

Limit per surface area #.0. 3& [H #{ fR{& = 2,500,000ug/120,000cm2= 20.8ug/cm2

The limit (mass) per swab can be calculated by multiplying the limit per area by the area swabbed. If the
area swabbed is 100 cm2, then the limit per swab is:

BEATRERR AT DI o B A7 [ A ) B 3 AR AT AR T H AR . (RS A 9 100em2, T4 A 25 (1 PR
EA:

Limit per swab& A 25 FR & = 20.8pug/cm2x100cm2= 2080ug

The limit in the desorbed swab sample can be calculated by dividing the limit per swab by the amount of
solvent (water) used to desorb the swab. If the amount of water used for desorption is 20 mL, the limit in
the desorbed swab sample is:

RSO AE it (09 B AT 3l I K B A5 PR BB AT R E ) RO Bk 5. Rsse it i K &2
20mL, AR R R IRy -

Limit in desorbed swab samplefffi 2 B i it FR £% = 2080ug/20 mL = 104pg/mL (or 104 ppm)

If the active were a protein containing 50% carbon, the TOC limit (net of the blank) would be 52 ppm
TOC.

WRIE LR A IS0 % M E 5, MITOCEMRE GIBRZE) ¥ /252ppm.

Example 2: This example is based on the dose of the active for bulk drug manufacturing, assuming the
entire equipment train is shared surface area. It is based on 1/1000 minimum therapeutic daily dose of
the cleaned active. [Note: The purpose of this calculation is to illustrate the low TOC levels likely if the
carryover calculation utilized the entire bulk active equipment train (excluding dedicated items).]

AN I T JEURE 24 i rh PR R R B, RN B IR A ORI R IE I . B TS O
1/1000%% /)y HG YT 75 [ : A THELE H B9y 17 150 B A SR B v B3 P R ANV PR By 5 97 B O
FEMBHD A RERRTOCK . ]

MinTD: Minimum Therapeutic Daily Dose of the active of cleaned product

MinTD:7 v 7 i il M fe /s FHVG YT 77

MBS: Minimum Batch Size of next drug product made in the same equipment

MBS: [A] — a4 BT — A2 i Mtk

MaxDD: Maximum Daily Dosage of next drug product made in the same equipment
MaxDD:[F]— B¢ &2 1 R —A> 24 it B oK FHR YT 7

SF: Safety Factor

SF: 4 [H¥

Example for products A and B: if

LU= ShAFIB A 15

*MinTD = 25 mg (or 25,000ug)

*MBS of the following drug active B=200 g

eMaxDD= Maximum mass of daily dosage unit of active B = 100 mg (or 0.100 g)

*SF =1000

*MinTD = 25 mg (2%25,000ug)

eMBS= 7B /it = 200g

*MaxDD= 7= ilBH 5K H VA 77 7| &= 100 mg (or 0.100g)

*SF =1000

The limit in the next drug active is calculated by dividing the MinTD by the SF and the MaxDD:
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FE T — 7 it g P 4y BRAEL R I MinTDRR LASFAIMaxDD T 5.«

25.000ug (MinTD)
Limit in next product N — 7= i FP PR f&F = =250pg/g

1000 (SF) x0.100g (MaxDD)
If the default limit for bulk active manufacturing is 50 ppm, and sincethis calculated value is above
50ppm (50ug/g), the value of 50 ppm will be used for subsequent calculations.
an SR SR 2G4 P ) BRAA PR B N50ppm, 3 HLX M5 H 4B = F-50ppm  (50pg/ g) » NIl45 R 50ppm
KW T a8t 5
The MAC is calculated by multiplying the limit in the next product by the MBS:
RSV E (MAC) HIZRREBRZIR LT — ™ i/ Mt EAR -
MAC 5k o ¥F4% B #:= 50pg/g=200 g = 10,000ug
The limit per surface area can then be calculated by dividing the MAC by the shared surface area
between the two products. Continuing with the same example, the shared surface area is 1,000,000 cm?2.
Then, the limit per surface area is:
B R TR BRAR T LA I MACER ARG Rl it SR 2 i AR 5. FIAR R s 4k 8, Rt 2i il
1,000,000 cm2, T FLA7 K i AR R B A -
Limit per area®L47 [ AR = 10,000pg/1,000,000cm2= 0.010ug/cm?2
The limit (mass) per swab can be calculated by multiplying the limit per area by thearea swabbed. If
the area swabbed is 100cm2, then the limit per swab is:
BEATRERR AT DL o B 7 1 R ) B 3fe AR AT AR T H B (RS A 9 100em2, A 25 (1 PR
(EWSE
Limit per swab&#25 R & = 0.010pg/cm2x100cm2= 1.0ug
The limit in the desorbed swab sample can be calculated by dividing the limit per swab by the amount of
solvent (water) used to desorb the swab. If the amount of water used for desorption is 20 mL, the limit in
the desorbed swab sample is:
A TR i B0 IR 2 P e e K B A 25 B B2 B AT I VA 7). (RO B vH . ARl i i FH R 7K 2
20mL, AR R R R EE Dy -
Limit in desorbed swab sample = 1.0ug/20mL = 0.050ug/mL (or0.050 ppm)
If the active were a protein containing 50% carbon, the TOC limit (net of the blank) would be 0.025 ppm
TOC (or 25 ppb). This concentration is not measureable by TOC in cleaningvalidation samples.
IRTEVE T A S RS0 % K B, WTOCVERR . (kR H D #52£0.025ppm (Ei25ppb) o Ik
FE (I v SR UE A b A TOC T i AN aT M & 1) o
Example 3:This example is based on the toxicity of a cleaning agent for formulation/fill manufacturing.It
is based on allowing no more than 1/100,000 of the LDso(mg/kg of body weight in an animal model) of
the cleaning agent by an intravenous route in the maximum therapeutic daily dose of the next drug
product.
13 AR T RC M A 78 A P RS R I B . BTN — = R KA 20 R H R T 7 R I AN
AL RSB E11/100,000 (EYRREEF me/kgRED) .
LDso: Lethal Dose for Cleaning Agent
LDso:Ji5 Vi 71 L& (BeabfsE)
BW: Body Weight of patient taking product B
BW: I I 2548 56 3 1 A
MBS: Minimum Batch Size of next drug product made in the same equipment
MBS: LA — RN E
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MaxDD: Maximum Daily Dosage of next drug product made in the same equipment
MaxDD: FLZR 1 &A= T — = i () oK H =
CF: Conversion Factor
CF: #&45[H 1
Example for cleaning agent A and next product B, if:
DAV FAARNT T — 7= B, i
*LDso= 100 mg/kg
*BW =60 kg
*MBS = Minimum batch size of the following drug product B = 1000 L
*MaxDD = Maximum daily dosage units of drug product B =10 mL
*CF = 100,000
Note that the product of the LDsoand the BW, which is then divided by the CF, is sometimes called the
ADI (Acceptable Daily Intake). Some companies may calculate the ADI by first converting the LDsoto a
NOEL (No Observable Effective Level), and then converting the NOEL to an ADI. Either formulation is
acceptable and should result in the same ADI value.
TER BLP i ) LDso MIBW S LACF I 45 SR AT I s AR O Wl 4 32 B H BN (ADD o A7 280 A AT R
S LD50 ANOEL (TERGRIE) , AR5 IEIENOELK T SADI. AT — 5 sUAR 2 v] LAFE 32 (1) H R4S F [
—ADUH 5.
The limit in the next product is calculated by multiplying the LD50 by the BW and dividing the resultant
product by the MaxDD and by the CF:
N i AR BR L 1 LDso3fe ABWER LA 5 247 i I MaxDD A CF i 5«

100mg/kg (LD50) x60KG (BW)
Limit in next product = =0.006 mg/mL (or 6pg/mL)

100000 (SF) x10ml (MaxDD)

Since thisvalue is more stringent than 10 ppm (10ug/g or approximately 10ug/mL) cleaning agent solids,
this calculated value will be used for subsequent calculations.
T SRR R (0 B B [ A S5 ™ T 10ppm (CN10pg/ gBlZi10ug/mL) , It &s SR AT 5 it 5.
The MAC is calculated by multiplying the limit in the next product by the MBS:
BROK SO VR B B I I T — 7 ot Ak R R R 3 DA /Nt R T B
MAC = 6Jg/mLx1,000,000 mL = 6,000,000ug
The limit per surface area can then be calculated by dividing the MAC by the shared surface area.
Continuing with the same example, if the shared surfacearea is 120,000cmz, then the limit per surface

area is:
B R AR FR A AT LLid i MACKSR DAL EG AR SR v 55 FHAH R B s 4k 28, ik 3L 28111 $7 120,000 cm2,
W) EAr R TR AR FRAE A -

Limit per area #4372 [ % FR & = 6,000,000ug/120,000 cm2= 50ug/cm:

The limit (mass) per swab can be calculated by multiplying the limit per area by the area swabbed. If

the area swabbed is 100cmz, then the limit per swab is:

FEARAE R B AT LIS I A i AR A PR A e DL ST AR T B8 . (RS XTI AR Dy 100ema,  TIIEEARAS Y B
-

Limit per swabf 25 BR f£= 50ug/cm2x100 cm2= 5,000ug

The limit in the desorbed swab sample can be calculated by dividing the limitper swab by the
amount of solvent (water) used to desorb the swab. If the amount of water used for desorption is
20 mL, the limit in the desorbed swab sample is:
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BRI AT it (14 B P52 P e b B A 25 B BE B AR VA7) (KO B vh 3. ARl it B FH IR 7K &
20mL, BRI RREERE K R EE Dy -

Limit in desorbed swab sample = 5,000ug/20 mL = 250ug/mL (or 250 ppm)
Ve KR 25 RE i (I PR B = 5,000ug/20 mL = 250ug/mL (5%250 ppm)

It is likely in this situation that the manufacturer would utilize a more conservative value for
measuring the cleaning agent. For example, utilizing a conductivity value of 5uS/cm would result
in a concentration significantly below 250 ppm for most cleaning agents.

IR P REAEBETE B0 T i R R — NSRS B A TSR PR iE ve ). B, KA B SRS N
5uS/ emilf, K2 B TR R R 2 KT 250ppm..

16.0 List of Acronyms 4l iR

ADI: Acceptable Daily Intake

ADI: A2 A HER N

BCA: Bicinchoninic Acid

BCA: MR

CAPA: Corrective and Preventive Actions

CAPA: 2| 1E 5Tl

CBER: Center For Biological Evaluation and Research
CBER: AP 51T L

CGMPs: Current Good Manufacturing Practices
CGMPs:HLAT 25 i A 2 HlYE (SEEGMP)

CIP: Clean-In-Place

CIP:7EL i

COP: Clean Out-of-Place

COP: B £k i

CPP: Critical Process Parameters

CPP: K LZZH

CQA: Critical Quality Attributes

CQA: KB ot i J& 1t

CTP: Critical Process Parameters

CPP: K LZBH

DOE: Design of Experiments

DOE: S 5s i 11

ELISA: Enzyme-Linked ImmunoSorbent Assay

ELISA: i IEC 6. 722 W8 B o v

EPDM: Ethylene Propylene Diene Monomer Rubber

EPDM: = I LMK

EU: Endotoxin Units

EU: N TR AL

FEP: Fluorinated Etyhlene Propylene

FEP: 3k LT M

FMEA: Failure Mode and Effects Analysis

FMEA: R R 5 RO 7 i

FTA: Fault Tree Analysis

FTA: #Rsd 2047
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HACCP: Hazard Analysis and Critical Control Points
HACCP: f& 3 73 BT FH S B 25 1) 1

HAZOP: Hazard Operability Analysis

HAZOP: falk; 5] #AEVE 7

HPLC: High Performance Liquid Chromatography
HPLC: R0 il ik

ICH: International Conference on Harmonisation
ICH: A 2 R R [ B i 231

LCD: Liquid Crystal Display

LCD: W i A

LOD: Limit of Detection

LOD: A& ] FR

LOQ: Limit of Quantitation

LOQ:iE &R

MAC (or MACO): Maximum Allowable Carryover
MAC (or MACO): 5 K Jt 115k B =

NIR: Near Infrared

NIR:IT £ 4h

PAT: Process Analytical Technology

PAT: I FE 7 TR

PCR: Polymerase Chain Reaction

PCR: IR M ik S

PETG: PolyEthylene Terephthalate Glycolmodified
PETG: X K — WG . — Tz g

PQ: Performance Qualification (or Process Qualification)
PQ: PEREFAIN (ERLZIE)

PTFE: PolyTetraFluoroEthylene

PTFE: SR MU &0

QA: Quality Assurance

QA: i1 FE LR IIE

QbD: Quality by Design

QbD: it E Y5 T it

QC: Quality Control

QC: i E A%

QRM: Quality Risk Management

QRM: Quality Risk Management
QRM:Joit & JXU e B

RSD: Relative Standard Deviation

RSD: HHX Ayt 72

SDS PAGE: Sodium Dodecyl Sulfate PolyAcrylamide Gel Electrophoresis
SDS PAGE: ~t e KLtk 414 3R T4 I 1t e Jk 2 HEL Uk
SIP: Steam-In-Place

SIPAE LAV K R

SME: Subject Matter Expert
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SME: E@L XK

SOP: Standard Operating Procedure
SOP:HRiEtR ML

TACT: Time, Action, Concentration and Temperature
TACT:INFIE]L FEF L R A 2

TFF: Tangential Flow Filtration

TRF) )it g

TNTC: Too Numerous To Count

TNTC: G114

TOC: Total Organic Carbon

TOC: = A HLAR

TSE: Transmissible Spongiform Encephalopathy
TSE: AL Y4k A 73

WFI: Water for Injection

WIS 7K
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