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Introduction

55

PDA Technical Report No. 1, \alidation of Moist Heat Sterilization Processes: Cycle Design, Development,
Qualification and Ongoing Control, updated in 2007, focuses on the microbiology and engineering concepts of
moist heat sterilization and the general approach to sterilization science in batch sterilizers (autoclaves) (1). This
technical report is intended to complement PDA Technical Report No. 1 and will focus on steam in place (SIP)
processes.

T 2007 EEET) PDA RS 15, WHCKE LZMIE: At THR. B, MET
P AR BB ZE ) S A TR 2 T T M & DA R B CK B K i o (R K &) (1) B — K B 5 i
SRR PDA BRI 1 S HAb 78, ME TAELZEITKE (SIP) T,

The primary objective of the task force responsible for this technical report was to develop a scientific technical
report on SIP processes that provides recommendations for use by industry and regulators. References to
appropriate and up-to-date scientific publications, international regulatory documents, journal articles, technical
papers, and books are used to provide more detail and supportive data can be found.

AAR R A TARZEL ) 3 22 H A2 SR A — 0 HEFR 45 A AN 50 T ) F AR R ARV ORI R BRI S o AR
HZE [ EORH M R B BRERSCH: . BITISCE . BRSO3 EE, Al & 45 58 2 VR0 T A ik
JIRIEHE I BERL .

Steam in Place was chosen as the title because this document focuses on the various applications of steam for in

situ sterilization for “sterile” applications and for in situ sanitization and other bioburden control applications

widely used for systems that do not claim to be “sterilized” via steam. We also differentiate “steam in place” from

the more generic term “sterilize in place” used to describe in situ sterilization using various types of gaseous or

liquid sterilizing agents including steam (1).

et SIP AE bR U PR g A AR o 0 28 TSR FH 728V EAT IR ALK TR TRV T A A A ) R P IR 4%, T A
AMPR T 28O o RIS 3 7 X 531 s 8 b A 2 5 AR B AR T 5 A2 28 P AT AR LK B ) T s

The task force was composed of European, North American, and South American industry professionals to ensure
the methods, terminology, and practices of SIP reflect sound science and can be applied globally. This technical
report was disseminated for public review and comment prior to publication, to provide the widest possible review
and ensure its suitability as a guide to industry.

Rl TARL RN AL SR AN B KA, Wit SIP ATk M ARTEM LB RIFHIR
PEIEAT DAAE R BRVE A o A 5 8 IEZUH R BT B ATHIESRE W, DA IR A AR 5 A e A B — M Fa
I A

SIP is often a pivotal step of aseptic processing for sterile product manufacture, and as such, may benefit from the
application of risk management methodologies. The characterization, evaluation, and assessment of risk are useful
to direct overall efforts for cycle development and subsequent validation. After development of a risk assessment,
more resources can be focused on mitigating risk for systems, equipment, or processes that have the highest
potential for product contamination. The management of risk may be employed throughout the lifecycle of SIP
equipment and processes to efficiently focus and allocate resources commensurate with the probability of
impacting final product purity and safety. Descriptions of the specific steps and tools for risk management are
available from avariety of sources (2,3).

XFFICB A, SIP N R TR AL PR SCBERA Y, PRI, LA B B IR A 2 . U
M2 E . PPN APEG XS T8 IO R ANBE ) SRR AR A il . Zd L S, 2B Ed
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TR LR i A S TS R R SE . I B AR XU . XUBS & BT AR T SIP a5 A1 L2
HEANE AT ALY, R TR BE AN i R R 22 4 ) R T B R AT P o XU B ) B AR SR
T AAE oAb T 3] (2,3).

1.1 Scope

i
The scope of this technical report is limited to discussion of SIP processes that provide moist heat sterilization
and/or sanitization of equipment and systems supporting the manufacture of medicinal products. The principles
discussed in this report may also be applied to those systems where portable equipment is steamed at a fixed
station (steam out of place).
AREARAE R I IR Hoof B 2454 7 B & M R GE AT KRB F 00 SIP L2, JLRHddE ) T8 1% =X
WA B2 KT

Application of the concepts presented in this technical report to laboratories or other non-CGMP applications,
including hospitals, is not intended.

ASBARAR B 506 % B lE COGMP Vi, BB R BEAMEZEK

The following concepts are out of scope:

DU R H Y

® Clean-in-Place (except where related to SIP)
FEATER (BRIE A3 SIP)

® |nsitu media sterilization
A7 A K B

® Product Sterilization
7 K

® Design and qualification of utilities

N RGBT AR A

This technical report is organized in a logical progression from the essential elements of SIP system design
through SIP cycle development, qualification, and ongoing operation.

AEARME B SIP KRG ETTER, WHFRFITAR. RGN H ST BA ™ E 12 k.

In the interest of clarity, the report provides a glossary of technical terms, and begins with a discussion of the SIP

Life Cycle as depicted in Figure 1.1-1.
BRI, RS R RARARETCRR, iRiE SIP A TG, anid 1.1-Fos. #9108,
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Figure 1.1-1 Steam in Place Life Cycle & 1.1-1 SIP (#5831
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Lethality AP &k Determinationif 5 S{EL HHEET
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Sterilization Science X & £} %

Sterilization science for SIP systems will be discussed to expand on the concepts developed in PDA Technical
Report No. 1. The System Design section will cover the design considerations for an SIP process including
hardware (e.g., pipes, tanks, filters, valves) and controls (e.g., monitoring and control instruments). Example
process parameter tables for SIP cycles are provided to support assessment of risk associated with different cycle
phases. The Cycle Development section applies theoretical concepts that are developed into the practical
application of a comprehensive SIP process.

£ PDATRI KA XS SIP RGEHKE BT R SIP RGEUTH R &5 BOE 7 I 8,
R (Bihn, EIE, g uERs, BT AEEs] (Ean, EIAEHICER ). SIP R SEEIR P BUE R e
3R B0 AN R ST KU VAl S (SRR . RGERITT AR 3 Sk SIP 125 BEMS A J y SE BRI FH A BB M 25
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The Performance Qualification section focuses on the application of physical and biological approaches used to
demonstrate the efficacy of particular SIP processes as they relate to intended use.

FEPERE AR 0 ) B R SR D R AR ) B 3k 70 B0 7 V2 RAIE ] — AN RS € 1 SIP L2 eI 2t T 48
H .

Finally, the Ongoing Process Control section discusses ways to establish and maintain a continuous state of
control after the SIP process is implemented. This section includes recommendations for procedural controls,
records management, change control, requalification, and maintenance practices

feJa, HHEE S THBAE SIP TEPAT 5 @S MYER;— MFELAPRE . A EEEHREF R, 1D
SOEH, ARHEEEE], EAIN, YR RIRIEL
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1.0 Glossary of Terms

Ri&

Term usage may differ from company to company, and some terms may be subject to change in the future.
However, the terms used in a sterilization program must be clearly defined and well understood within the
company. Regulatory guidelines may offer other definitions that should be considered. This technical report uses
the following terms, listed here with their definitions and synonyms where applicable.

AN A ARE AR, A AR R TR R AR AT, £ —DRFW, KiEJ7EH
KA ARTE LTSN B0, 5 TEfE. NS5 8 ME BT R M RARE € o AR IR TR
TARVE, IR B A S 5 SR B[] S o

Bioburden 4 ¥ 1 7r
Viable microorganisms on or in a pharmaceutical product or in the manufacturing environment.

FELR 257 il B P B i R R M K

Biological Indicator (BI) Challenge System ZE#)$8 - FIPkER R &

A test system containing viable microorganisms of a pure specified strain providing a defined resistance to a
specified sterilization process (4). [Synonyms: Bl challenge system, microbial challenge, microbiological
challenge system.]

—ANEA AR E TR AR B R TE IR R G, RGN R KRR A RUE BN 524 . (L) [1F] S
VR RTIR RS, AP, AEYIPE R ]

Biological Qualification 2 #$& R~ FIHIA

A component of performance qualification that demonstrates, by use of biological indicators, that the required
lethality (Fgio) or spore log reduction (SLR) is achieved consistently throughout the sterilized or sanitized portion
of the SIP system.

K HADHRRFRIE W4 SIP RGUAL Rk BIPTUE LM RIER (Feo (B Biffl 7 FEARHI X )ik . &
e VERER A RS 7

Bracketing Approach 4340
A scientific approach for defining characteristics (e.g., Tank sizes, system configurations filter sizes and types)
that are tested (in a qualification study or validation study) at upper and/or lower limits.

- CRRAAISRUERT T ) B IRAN BN BRAEAT I A2 052

Calibration % #

The demonstration that an instrument or device produces results within specified limits when compared to those
produced by a reference standard or a standard that is traceable to national or international standards, over an
appropriate range of measurements.

K H 5 AH SR bR i Bl U T [ oA B Bm AR v AT LG, DARIE ] — TS 8 B # PIT A5 45 SR A5 5 0 0 IR A
HERE ) o

Cold Spot ¥ &

The location within an SIP system that achieves the lowest process lethality (Fo) during a SIP process. Note: When
lethality values are not available or not applicable (e.g., a sanitization process operating at less than 100 <C) the
cold spot is the location with the lowest temperature profile during the SIP cycle.
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£ SIP R4, AR ITBARKINE (Fof/NIAED. FER: WIRAE SIP IREPAH Fo (BUAEH) R
KR, BRI SIP I 72 v I B e AR A

Cool-down Phase ¥ #1BBt

The phase of an SIP cycle that occurs after completion of the exposure phase. Parameters (e.g., time, temperature,
pressure) of a cool-down phase are typically defined in order to meet applicable user requirements for system
cooling and drying.

115 SIP KB 7E B G FIF B NV BT B S 2 (n: IFIR) RS IR0 DA 2 P X ¥4 20N
TR EK

Critical Control Point <8 #l] 55
A step at which control can be applied and is essential to prevent or eliminate a pharmaceutical quality hazard or

reduce it to an acceptable level (3).
> FH SRR m I o3k 243 it ot e IRy o XU B AR B AT 42 52 B 7K P (AR 3R, RF X S8 BRI P & i AT 2 )

Cycle Development & /% K&

A series of activities performed for the purpose of defining or confirming the cycle parameters (e.g., time,
temperature, pressure) necessary to ensure sanitization or sterilization.

NPRIETE 5 BOK B R RCRITEHAT A S E (e a8, KD — R8I,

Deadlegs 3t £
An area of entrapment in the vessel or piping run that could lead to contamination of the product due to

insufficient exposure to moist heat (5).
B BVE TG IZ AT P A BE R AR TR RO B T3 3507 it 52 21035 G 1 X 3

Dt Value D&

The time in minutes required for a one-logarithm, or 90%, reduction of the population of microorganisms used as

a biological indicator under specified lethal conditions. For steam sterilization, the D-value should always be
specified with a reference temperature, Dt. For example, a Bl system with a D121°C of 1.4 minutes requires 1.4
minutes at 121 <C to reduce the population by one logarithm. [Synonym: D-value]

FERLTE (KB 56 AF T, AE BT FI A SRR B T e — D 8O fr, 5ROk 9006 T 5 FA IR ] o 7EIR B K T
H, D HETEWSIRE, L DT o, flan, —4 D121°C=14 78 HAEMRRAI RS, FonfE 121°C
T, ARK 0% MFE 1.4 . (. DR

Exposure Phase K& Bt (BREHBD

The phase of the SIP cycle in which the appropriate parameters (e.g., time, temperature, pressure) are maintained
within defined ranges for the time (exposure time or dwell period) determined to be necessary to achieve the
desired lethality.

A48 SIP KIEEFF T, R BUE R KICR, RFBUEKBESHAR (W I, R 1) Fr S [a) .

F-Value (Lethality Factor) F f& ( Bi+ZRKHF[E)

A measurement of sterilization effectiveness, the F-value is the calculated equivalent lethality (using a specified
z-value), in terms of minutes at a reference temperature ( T ), delivered by a sterilization cycle.

KW EEE . FAERENEN ZET, —KEEFRTHEKEYMESRIEE (T 28 FREXK
K FTE]
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Fo FofE

A term used when the specific reference conditions of T~ 121.1<C and z = 10T are used to calculate the
equivalent lethality. For example, when the z-value of the Bl is 10<C, acycle with an F(T=121.1<C, z=10<C), or
Fo, equal to 8 minutes is equivalent (in terms of delivered lethality) to a square wave cycle of 8 minutes at
121.1<C. Asquare wave cycle that provided an exposure of 25.9 minutes at 116 <C would also yield an F, of 8
minutes.

fi Z W 10°CHY, —MBHCKRERE TR T8 KB i 121.1°C N KR S RO B ). Ban, 44 Pfa7m 7
1z B 10°C, F (T=121.1°C, z=10°C) ¥/ 8 8 ffEFs, = F0 8 p#h, 55— 116°C K 25.9
IIEPIESERLE), FO Y904 8.

Note: The reference temperature used in calculating Fo is 121.1<C, which is the approximate mathematical
equivalent of 250F. The reference temperature of 121 <C for Fo will be used throughout this report for brevity.
HE: ATUE R EARSHRER 121.1C, HiElT 250F , ARRENTHE Fo NS H IR
121.1<C.,

Fgiological (Feio) KHE PR K (Fgioff)
Aterm used to describe the empirically derived lethality of microorganisms on or in a Bl challenge system. The
Fgio-value is calculated as Dt X LR, where D is the D-value of the Bl system at the reference temperature (T) and
LR is the actual logarithmic reduction (logNo — logNg) of the Bl population achieved during the cycle. Where Ny
is the initial population of the Bl and N is the remaining population after the sanitization/sterilization cycle.
ERAEYFR R AP AGAL R G AR SEBR R R BCR BB AR KIS TR AT P Dy X LR TH53RAS, X
Dr RAEMIBRAARALL T HASIREE T DE, LR KSR YRR A 9L bR % S hr T FRE
(logNo — logNg) . No #2458 Bl FFARIEE, Ne 24875 85/ K 5 A5 Bl 2.

Fenysical (Frrys) KB T2 PRI R KR (FeuysfE)

Aterm used to describe the delivered equivalent lethality that is calculated based on the physical parameters of the
cycle. The Fpyys Value is calculated for a reference temperature (T ) and z value using the equation:

Fervs Z 1R LUK BFE PP IS HOT B S5 RO KN 8] o Fepys (EARYE S 50 (T o) A1 z R DA 220K
3

Where, K,

i = time interval between readings, i %5 1% &

Ti= temperature reading for that interval, Ti &125 i XIZHRE
Tref = reference temperature ~ Tref NS H &

z = temperature change required to change the D-value by a factor of 10

z N D EAR SN0 HCER AL IR R R R B
Flash Steam [N & &%
A mixture of steam and water that occurs when hot water under pressure moves to a region of lower pressure.

e i KT R B BB e 7 DX 7 2R ) 2K KR &4

Gravity Displacement Process & /1 B #:25
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A sterilization process based on the principle that air within the system is more dense than steam entering the
system. As steam enters the system, air is pushed out the bottom drain/vent/trap and exits with the condensate.

DAY 2 S B HE NI 28 F) 28 VR B T D A 8 IS I SR BRI IS AT K B . MR = I, K
RS KB I B K 28 I ESHE

Hazard f&R&:
The potential source of harm (3).

BEEREEFIR (3).

Heat-up Phase i # B B

The phase of an SIP cycle that occurs prior to the exposure phase. Process parameters (e.g., air removal,
preheating, uniform temperature distribution)are developed for this phase in order to meet applicable user
requirements for system conditioning. [Synonym: come-up time, heat-up time.]

& SIP PR IR B K IR ERTIN B . TS5 (. HRRESS. T D MM BT 6E & ek 3 H
W RGBTSR . (A SR fE IR, TR )

Installation Qualification (1Q) Z 35\

Documented verification that the equipment or systems, as installed or modified, comply with

the approved design, the manufacturer’s recommendations, and/or user requirements (6).

X o6 R 48 1) 22 28 B SUE BEAT T O A, DLIEITIA B 7 2 HE i it sl g, AvEcH P
HIESKR (6D,

Leak Test yH:J& A
See System Integrity Test
29 240 58 A

Minimum Acceptable Cycle (MAC) &K 7 2%
The minimum cycle conditions (in terms of delivered minimum lethality or minimum time and temperature) that

would be considered acceptable.
BARAE P S 2 (IR IR K TR N ) B 6 N TR R FE I 45 5 ) /b Bk 31 A 4252 196

Operating Parameters iZ T2 ¥
Values (e.g., time, temperature, pressure) that are controlled and/or measured that collectively define each phase
of an SIP cycle (e.g., heat-up, exposure, and cool-down).

INCAEEHIAERME (e B JREE. 5700, HAE SIP R HIE M BEEA 2 Lo

Critical Parameters RS %

Values (e.g., time, temperature, and pressure) that are controlled and/or measured to ensure the efficacy of a steam
in place cycle. Failure to meet a critical parameter should result in rejection of the cycle.

LA AN B ) S5 (e WA IREERIE DD PATRLR SIP REFFIIA R . RS G2 25
PEFFHAE L

Key Parameters EE S #
Values that are controlled and/or measured and are used to assure the ongoing “state of control” of steam in place

cycles. Failure to meet a key process parameter should result in an investigation.
AN CAORIE SIP 7 “Z230RE” IEFIBITHSH. BESEAGHRN, THiTHE.
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Operational Qualification (OQ) & /THIA
Documented verification that the equipment or systems, as installed or modified, perform as intended throughout
the anticipated operating ranges (7).

X L %2 2 W S0 76 1 B 6 B AR G AE TG S A A AT Y B AT T OO A A A BRAB T 5 2K

Overkill Design Approach i B & Ktk

A sterilization method where the steam in place cycle is capable of meeting or exceeding both an Fgio and Fphys
of 12 minutes and worst case bioburden assumptions are made to demonstrate an SAL of 10°. (Note: For typical
SIP systems, the Fpyys Will need to be greater than the Fgo .)

XtF A SIP FEFFBEUSARIIE Faio A1 Fopys #IA BB 12 4384 B EAIE I AT 48 350 A 420 0 6 FAIR 21) 107° (U 7%
XHF SIP RGE, Feuys T KT Faiofl) KIS PREE KT BT

Partial-Cycle Qualification JF 52 B FHiiA
A qualification method that uses less than the full exposure time to demonstrate sterilization or sanitization cycle

efficacy. [Synonym: fractional cycle.]
T A AT 8 0 A U B KA B B A R B — RN T vk [ 3R] R IEIA]

0

Performance Qualification 4 &7 A

Documented verification that the equipment and ancillary systems, as connected together, can perform effectively
and reproducibly based on the approved process method and specifications (7).

TR SRR, DAIEBA R & R — BB R G, R HEER T2 R A AR ERE A AL
TFa6 2 — 58 FSAH S 3l o

Pre-Vacuum Process T E =P
A process in which air is removed by applying a vacuum (i.e., negative pressure) or pulses of vacuum to
precondition the system prior to the exposure phase.

KRR (i k) sk B BR 2SR A I KR IR -

Pure Steam ZE#iK

Steam in which the condensate complies with the Compendial monograph, Water for Injection (WFI) (8,9).
[Synonyms: clean steam, high quality steam]

HA KT EREZLIER “TEHHK” (WFD (8, 9) ZRIZAER. [IGA: EFES. miREAS]

Routine Operational Cycle ¥ M iz 7 EF

Parameters that are specified for ongoing SIP operations used in production. The operational cycle is typically
controlled to produce additional lethality over the qualified minimum acceptable cycle in order to provide
increased sterility assurance.

e HH SIP B T EMSEL. N1 IEEm WL ERIEK,  HH AT KRR KR I E) 2R T I
AR W KR o

Sanitization 4 #
A process that reduces the number of viable microorganisms to a defined level.

R I E RO PR B — A TUE AT I R

Saturated Steam /12K
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Steam that is at a temperature and pressure that corresponds to the vaporization curve of water. It is in a state of
equilibrium between being a liquid and a gas with no entrained liquid water.

FRAL T 7K 28l 2o L i s 1) S FE I 2T BRI AR K, A T AR S I 28R

Spore Log Reduction (SLR) #1-F R& A& X%

The number of log reductions (10-fold changes) of spores from the initial population. For the overkill sterilization
method, one targets a spore log reduction of 12 to achieve 1< 10° probability of a survivor when using a
biological indicator having a population of 1 X 10°.

MEFF UG 7 B BEAR T x4 (A 10 FORS A0 o X i B K B i, Ho— A B s (i 7 B 12
ANGEH, 2448 AR MR R R B 1< 10° I K B G I E D A7 6 - 1X10°°,

Steam in Place Cycle EL&ZK KK ERF

Asequence of defined steps and operating parameters (e.g., time, temperature, and pressure) performed in situ on
equipment and/or systems to provide a given sterility assurance level (SAL) or defined sanitization level.
XTI BL R GAE JFALEAT — N H— RV K IRANEAT S48 (e WFa) . JREERI 7)) 2R AR e DAk 3
FAREE B PREE K (SALD BRI

Steam Orifice ZIRTLIR

A specifically sized hole (e.g., 1/32 or 1/16 inch diameter) to allow condensate or steam to pass through.
[Synonyms: flow orifice, steam bleed.]

—AMREER/NIAL (B, 1/ 32 B( 1716 ST EAR) RFARDKEGEV B . [[FGE: mEfLRk, &R
. ]

Steam Trap KK H/K B
A self-actuating, automatic device that removes condensate and air from the system.

— AN EBN RGP AR AR S H SR E

Sterile Boundary JG B4 4k

The sterile boundary is the demarcation in a system between the portion of the system that requires sterile contact
surfaces (e.g., sterile side of filters and downstream piping) and the rest of the system (e.g., upstream side of
filters, condensate drain lines).

T 7y LI, 1R R G BRI T B 2> (- RLRERR RO B BOM MR EE D MR ST S
iR sy Cane I REARE)_EdE, HEKETED

Sterility Assurance Level (SAL) 7o B R /K P

Probability of a single viable microorganism remaining after SIP.

FEREAT SIP J5 ALY AT AR S RS

Note: The term SAL uses an assumed quantitative value, generally 10 or 10, When applying this quantitative
value to assurance of sterility, an SAL of 10 has a lower value but provides a greater assurance of sterility than
an SAL of 10° (10).

FER: SAL — A% 10° 5 107 IR M B R AR K BT, 10° BAREL 10° /), HILFTHRMLRY
T v BT R T 107 JREE A T R K (10).

Sterilization KB

A process used to render a system free of viable microorganisms with a specified probability.

F6 FH DAASE— A7 ik BURLE S AE DDA T R 1) T2 AR
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Superheated Steam 3 7&K
Steam that is at a higher temperature than that indicated by the equilibration curve for the vaporization of water (at
a given pressure).

FE—EIR AT, HAR L T /K 2 2 P Fig s il P i 283

Survivor Curve 7775 B4k
Graphical representation of the inactivation of a population of microorganisms with increasing exposure to a
microbiocidal agent under stated conditions (11).

FEBOEMIZRAET, BER R T KBRS RGN, e R s SR A 2 . (1)

System Integrity Test 2 2t 528 M,
Any test designed to detect leaks or other breaches in system integrity that might compromise operator safety or
system sterility (or sanitary status). [Synonym: leak test.]

A5 5 BRI P BRI B IA EAS I, FT RS R T NS Z B R G LIRS (B R
AR B REMA . [ A R R]
Mass Flow Integrity Test Xt & 52 2R
A system integrity test that measures the mass flow needed to maintain a given pressure.

» B IR GERFRE s 1 BT i R 1 — R R e e BRI T

System Pressure Hold Test £ 47 3l
A system integrity test in which the system is pressurized to a predetermined level with filter sterilized

compressed air or other compressed gas, after which the system is isolated and the amount of pressure loss over
time is measured.

» A JC B R e 2 R A R 4 R RGE BIPUEK-F e, SHRZ ARG, G AR D € /)
b SREI —Fh R G 58 B A TV

System Vacuum Hold Test 2 4 2 2= EEMR

A system integrity test in which the system under test is evacuated to a predetermined setpoint and the system is
isolated from the external environment. The decay in vacuum level over time is measured.

e RGN 2 AP BOE RUF BRGNS T MBI BRI, A I 18] (0 HHER 0 7 T I
— ARG e AT

Temperature Probe 2 B #83k

A sensor (e.g., thermocouple or resistance temperature detector (RTD)) that has been specifically designed to
measure temperature. Temperature probes may be control, resident, surface mounted, validation, mapping, or
permanent.

—ANZ R T IN R R B A RS (e RS, ARAEIREEIR ) IR GCRNAE ] B Rl
2R Bk, EURE B A,

Validation ;i

Adocumented program that provides a high level of scientific assurance that a manufacturing process will reliably
produce acceptable product. The proof of validation is obtained through rational experimental design and the
evaluation of data, preferably beginning from the process development phase and continuing through the
commercial production phase.

—MNREWS LA R AL T ZA P A 7 i A ST ATC SRAIE B AR PP o 960 IE FRTHAE 9 S 3e8 3o 56 1E 7 S8 7
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EFEIHARORT R, RTINS, AR R IFIA T TE0TF RN, SR AL
7

z-value z {8

The number of degrees of temperature change necessary to change the D-value by a factor of 10. The z-value
allows integration of the lethal effects of heat over time (i.e., calculation of F0) as the temperature changes in a
cycle.

i D AT — AN A IR TR R BT T R AN KR TR N AEA A

B Ui 52 AR A ) 2% K IS T
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2.0 Steam in place Science and Technology

ELRERESEAR
Whereas PDA Technical Report No. 1 focuses on essential scientific tools used for the design, development,and
qualification of batch (i.e., autoclave) sterilization cycles, this report addresses areas specific to the in situ
application of steam for sterilization purposes as well as various types of sanitization processes (1).
T PDAL THARMELPNA T H T ot I MBI KRR (Flan, & H KA A A 1
BT HE, X E7E PDAL S i B Rl R B0 T 280 0K B B IR, 03 &R % U 24k
IR ().

2.1 SIPApplications
SIP i F

The overkill design approach is the most common method used for systems that are sterilized by SIP since there is
usually not the concern for degradation of product. When claiming sterilization using the overkill approach,
bioburden monitoring is reduced or is not required (see below) since a worst case bioburden assumption is used to
determine the delivered lethality needed to achieve a sterility assurance level (SAL) of 10-6 on or in the system
being sterilized. When using this approach, the qualification program must demonstrate that both the FBIO and
FPHYS are equal to or greater than 12minutes. Examples of calculating an overkill cycle are provided in Section
6.3.1.

M TAE RS SIP F I 2 At 5 AN FH 2% 18 ™ i B PR e 1) R, DRI B2 K et e s i W T & 48 SIP
W75 KT B A KBTI, /5 AR A — N2 s 1) i 22 2 A B0 AR R KT SRAIE B I AR
77 VR BPE R A LA ] 10° I TE B fiE KT (SAL) BRI A K B 77 1 7] UE R B RS . 241
FHR A K B 7 vER, BA FE L ZGER FBIO Al FPHYS KT45F 12 434, 6.3.1 B4 ft 7 —/Mt5id
JE R KRR P B

When the process does not require sterility, the SIP approach is commonly referred to as “sanitization.”
Depending on the requirements of process control, the sanitization process would typically not have an established
SAL requirement. Sanitization processes may also be used for reducing bioburden levels in systems that show
higher than accepted microbial counts or as a prophylactic measure to keep microbial counts “under control”. In
these cases, temperature is typically monitored at the worst-case location and cycle time is decided based on
temperature readings at this location. Cycle end-point is either bioburden removal or reduction, and success is
demonstrated by bioburden measurement after each cycle is performed.

BN A TETCES, SIP X P 7k —BBFRE “HEE 7. MR EsR, WaEdfREa — MR
ARENER T CRUE A EER . T B R A] DL SRIBD RGRIE BR3Pk
Vi T A BB AT AR, B HEIH TR AR v T I AR SEYIR R . KR B2
S B RE BRI, AR RGP 25 o 0 ARSI A= P S B RAIE W K T R
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Table 3.1-1 Includes some example applications of SIP processes, cycle development considerations, and

potential validation approaches.
T 3.1-1 AHE SIP NSRRI A RIS NG IR UE T iR — el 1,

Cycle Development

Purpose  Application Considerations Va!idation Considerations
B A B RIS LANRE
Sterilization Process X B17 72
SIP process where W Time W Bls are used
sterilization is claimed. I (7] f&EH B
(Example: Aseptic filler B Temperature B Temperature probes meet defined
piping for a sterile drug 1 limits
product) W Pressure T FEE TR Sk 38 3 SR ) PR
R OK T 0 SIP A2 (il JE 7 B Demonstrate total kill
JCEE 2 i B BR 8D W System and filter integrity WEH R E
R ANPE T T A B Monitor temperature at worst
W Positive pressure maintenance case locations
IR 4E+F R B 72w B3R B2
B Temperature/pressure B FBIO > 12 minutes (Overkill) at
correlation each Bl location
TR/ 70 R Ik A Bl i siALE 1 FBIO >
W Cold spot determination 12 e GEER KO
74 KR B FPHYS > 12 minutes (Overkill)*
B Temperature mapping FPHYS > 12 73%F GEERK) *
R 2 W Sterile hold time
B Air and condensate removal KA DR B 8]

BRIV BV IR B

Sanitization Process 7 Z 7 &

SIP process that inactivates H Time B No BIs/FBIO/FPHYS required
bioburden (examples:WFI i [] %4 BIs/FBIO/FPHYS [f#sk
system that is steam B Temperature W Monitor temperature at worst
sanitized, vessels used in T RE case locations
biopharmaceutical B Pressure PRI 5 22 pot (PO
manufacturing to control &7 B Monitor bioburden level before
bioburden prior to use for and after sanitization 1% 55
pooling, etc.) Tor WA A= 47 B K~
MR EETER) SIP i B Demonstrate bioburden removal
FE (B, WFI REHIZEIR E B A B ) 22 B i

HEE, T A2 g
& I AT A TR
i

* For typical SIP systems, the FPHYS will need to be greater than the Fgjo
*F A SIP RS, FPHYS BN 1% KT Feo fH
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Because SIP processes can be used for such a wide range of applications, it is very important for the user to define
the purpose and the desired outcome of the SIP process before the system is designed. Risk assessments made
prior to the design of the system can be used to help define if a sanitization or sterilization process is required.

K1y SIP L ARAT ARH T IR FVE FEL, 6T FH 28 SR i e B B AE RGBT i, WA SIP A2/ H
FIAE AR BN S5 IR . AEREEAN RGERIE R K, M ATE RG VT AT RS TE Al ok g AN

o

2.2 Mechanisms of Lethality

BULEHINLE
The mechanism of microbiological lethality for steam in place systems is the thermal destruction of
microorganisms by direct contact with the sterilizing medium (steam). The mechanism of heat transfer is
conduction where the transfer of energy occurs from latent heat. As with other saturated steam sterilization
methods, the rate of microbial destruction under conditions of constant temperature progresses logarithmically
over time.
SIP ARG HAMBER N BRI R R K E N GEIRD KR RESIMEY), Pl L
P, BIERRERE RN SHERRANKZE TR RS F B R, EYESERAAER S R E
S [A] P SE G 52 %) 2020 %

The kinetics for these complex reactions are best represented as a First Order chemical reaction. This means that
there is a linear relationship between the logarithm of the number of surviving microorganisms and the time of
exposure (see Figure 3.2-1).

XU IR B )5 RN R G IR 9 — A RN, T R A A7 Dl A A ) A 2 R I ) 2 TR A7 AR A
AR (WHhZ 3.2-1)

[Equation 1] [ &R 1]

Log Ng =— F(7;)/ Dt + Log No

where,

H,

Nr = Number of microorganisms after exposure of F equivalent minutes

NF =% s F 7050 45 500 TA) J5 B P i

F = Equivalent lethality of a cycle calculated as minutes at a reference temperature (T), using a defined
temperature coefficient (2)

Fy =bLUE XTRERE (2, ZHFEE (T) FELLLLaaoy AR TR — MRS S AEUEE.

Dt = Thermal resistance value, in minutes, of the microorganism at a specific temperature (T).

Dy =fEFFE IR (T) IRAEMRIIRAE (BLM i)

Note: This specific temperature must be the same as the reference temperature used for calculating F-value.
VE: XANRFRR AR R AR AR T F A B S EREE B

No = Number of microorganisms prior to exposure

No =% Z B I A B

In Figure 3.2-1, DT is a measure (the negative reciprocal) of the slope of the semilogarithmic survivor curve;
therefore, it describes the relationship between the number of survivors versus equivalent (F-value) exposure time.
F-value is a term used in the model to characterize exposure time to moist heat. By definition, the F-value is
expressed by a reference temperature so that it truly represents the equivalent exposure time at that reference
temperature in terms of lethality. Since routine operational cycles are not square wave cycles (i.e., the system does

GMP



not come up to temperature instantaneously,remain at the precise set point throughout the exposure phase, and
then cool down instantaneously),the z-value, or temperature coefficient, is used in the model to calculate the

WwWw.ouryao.com

equivalent lethality at different temperatures. Examples of lethality rates are shown in Table 3.2-1.

fEE 3.2-1 H, DT ZEXEAd thZefRtR (f@%o, [KHik, Dl 7 RERAAS B (F ED
RFaN IR R F AR — DRI AR I A RHE A R TE . R4 2 R R U — NS HRERE
s PRl FAE, FOEARER 1 72 55 R0 Mg 2 I 18] A 222530 BE 28 K 0 o F T R AT R 3N 3 T i el S (48

RGAREWRAE BB ILRE, AR IR BOAORE 0 (0 B IR S B B A, SRS BRI i), 2 (B iR R AL

FEX AR i HER SR AN R TSSO/ K ). BOERKH] 7 Ik 3.2-1 Fis.

Figure 3.2-1 Microbial Survivor Curve

3.2-1 G I E Y 2k

MNumber of Survivors
per unit ()

Area of Probability
of Survivors

108

100 —3a0

10 —39

10° —89.9
10° —89.99
10 —99.999
10 —9.9999
10°

10°

104

10

10°%

10°¢

Equivalent Minutes at Temperature (T}
{Fu‘u’alua]

Table 3.2-1 Example Lethality Rates (FO per Minute) at Various Process Temperatures
3.2-1 EXFP L ZHREZ T HIMESEER (FO &20%) 1

°C
100.0
105.0
110.0
115.0
120.0
1211
125.0
130.0
135.0

F, Per Minute
0.008
0.025
0.078
0.245
0.776
1.000
2.455
7.762
24 547

Steam generation and distribution infrastructure should be qualified to demonstrate that the steam is suitable for

GMP
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its intended use (e.g., Pure Steam for product contact surfaces). The semi-logarithmic model of inactivation of
microorganisms for saturated steam processes assumes steam is saturated(does not exhibit superheat) and is free
from non-condensable gases. Wet steam, superheated steam and steam containing non-condensable gases have the
potential to adversely affect the lethality rate in the sterilization/sanitization processes. The quantities of residual
air and condensate that may be present in SIP processes is likely to be in excess of those that could be found in the
steam supply. For this reason, point-of-use steam quality testing (e.g.,superheat, non-condensable gases, and
dryness) is typically performed on the main steam header branch to the equipment that is being steamed. A risk
based assessment should be used to determine the number of point-of-use locations to test in order to best
represent the steam supply system.

FRVTR AR 73 BE 2 G0 B Z A 1 BAIEKAIE B 28I BE S 1A B TP RO L& (ldn, 57 3R Tl i 2678770,
PRI ZE R B 0 O 2 3o B AR R (BB 2R VR B AN ) (A R R DL B SR R AR 1. 181
MZIT S RGN A 2T I AR B RE I K T B R AR RO B . SIP I R v ml e H IR B <A
ANV Bl ) B Tk 2KV N R G BB B ORIV A B (A 17 100 o 2 T3P SR, A P P 280 B A ()
an, AR BRI TR AT DL IR Y A IR T B B O SR A S L. O T SRR R I
AUBENL R GEITERE,  SAZAE KBS TP BRI b ok g 280 A T i

Figure 3.2-2 illustrates saturated steam conditions (pressure and temperature), which maximize the heat transfer
during steaming. Deviation from the saturation line due to air and condensate in the system or superheat in the
supplied steam will limit the steam’s effectiveness. Figure 3.2-3 depicts the impact of air trapped inside
equipment being steamed in relation to Dalton’s Law of Partial Pressure.

Kl 3.2-2 YHEAIZIR (—EMEAFNRED EIRM S B s KRR S T I, 281k R 4 iUk
A BEEE Y B 28BN 2R G0 e A2 R 4 PRI 28 PRI R, AT i P 2V M R 2 . (&1 3.2-3 i ] 17 283K
F GRS B A O ZRVURT R R AT 5 8 R ) s SR B

Figure 3.2-2 Optimal Heat Transfer Curve
K 3.2-2 df: A A% T 2
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Figure 3.2-3 Effect of Trapped Air on Steam Temperature
B 3.2-3 Bk B 23 AN Z8 VR B T 5 )
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3.0 System Design
RA W

The design of equipment should take into account SIP to ensure that the system can be steamed effectively and
efficiently. This section provides guidance by offering information on what to consider (e.g., equipment design,
level of automation, ongoing monitoring) prior to designing an SIP process. Arisk assessment may direct effective
use of resources during system design.

WA BT N 2 1 SIP LR OR R 40 ) DAHEA T RUH S AU K o AR ATFERTE SIP L Z i el 42 4
i EE B HE B Bt F (Bl Wit AR RREHEID. £ R, T DR
AL AT DME SR B2 AR

Overall system SIP sanitization/sterilization can be achieved via two methods. Simple systems inclusive of every
possible attachment are typically steamed as a whole in one SIP cycle. Complex systems are frequently steamed
via separate SIP cycles. This multi-cycle method can also include the attachment of previously autoclaved
equipment to a sterile system.

AR R GE SIP 1K W] DL WAk 77 sUSEI . fi AR Gl AE — K SIP KB e e Fe L& B A AT RE R
B REAT SR VR . AR RGN A H #EAT B SIP KT . XM 2 JOKTE 7 T B H T R 5
H P R TR A A A R V% AT

3.1 Planning for Design of SIPCycle

SIP B ¥t itXil
The boundary of the system(s) to be steamed (e.g., process equipment, feed and transfer lines) should be defined
and documented (such as through process and instrument drawings) to ensure a successful cycle. Consider the
following points after establishing the steaming boundary:
BT R RTE . (. T2 PN AR LR RO T @ SCFId sk () i i T 20 AN
ICES AR DL ORAE 7 IS AT » RS Z8VUK IR R TG 5 2 DL R LA

* An SIP cycle design must be capable of steaming all internal surfaces of the system within the boundary for a
defined temperature and time. It must also be able to cool down the system within a timeframe which meets
the system owners’ business needs.

—A> SIP FR VT AT RE 6 4% JE e SCART il 2 MR [F) 6] S T A 28 98 FD 4 98 PA) R T AT 2V UK A & 12
WS 1% M A% R G T & B SRAE — B I A) X RGEEAT ¥ 20

* The SIP cycle must provide delivery and penetration of saturated steam at predefined temperatures to all
internal surfaces. This requirement incorporates design aspects associated with heat transfer, steam supply, and
air and condensate removal.

SIP G ZRAE TS 58 SRR FE T 568 BT 1) A R T SR S R R S e M 203 . X — R it . 7%
TRBERE L DLACZS AUV Bk K PR 25 Bk 2% AH 5 T T ) e vt R

* The system should be designed to ensure adequate heat transfer to the system so the heat delivered by steam to
the system’s internal surfaces (conduction) is greater than the heat lost from the system to the environment
(convection). Steam system delivery capacity must match or exceed the system requirement for attaining and
maintaining sterilization conditions.

RGBT NAE R GAF 2 R0 AT DL IR 28T L B RGN R T GE (BvE 3D KT RGeS 34t
FEAREEHI AR (AR o 28I R GEHIHIE B8 )00 T & BGE IS 58 48 S 30 S DR AR K B8 2% AT 7 oK
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* The system should be designed so air and condensate is not trapped in any location where steam is intended to

penetrate. Saturated steam must be in contact with the targeted surface for the duration of the exposure phase,
or the efficacy of the cycle will be compromised. Ideally, piping systems and vessels are designed so air and
condensate is easily purged out of areas such as deadlegs and filter housings through bleed valves or steam
traps. Manually operated SIP cycles will need detailed instructions within procedures to ensure this is
accomplished each time in a repeatable manner.
RGBT SV BK A S AEAT A 77 FHEAT 2800 E B AL B R MR 783 R E e o B )
H bR TR i, MK RRUR 2 B0 . BARGOLN, B RGN & R BT A7 S
IKAE—BE X I, GnAE T 7 SOP 8 e A A T 1 HE IR B K IR P AR 25 25 1 B o N LHRAER) SIP JEFR
i EVEAIRE A%, DA R B IR A B T B

* The SIP cycle must provide measurement, control, and monitoring of system temperature and pressure during
the cycle hot phases (heat-up and exposure), and of pressure during the cool-down and hold phases. To
enhance condensate removal, pipe slopes should be maximized wherever possible. A typical piping design
specification would reference a minimum slope of a 1/8” per foot of pipe.

SIP PR LR I, ). BB HEAIKED RS SRR, LA SR RR I B
JAR T B WEI o Dy T InBR L BRVREK, B EO3RE R AT e B KA . S IR RTH S B S U
FUE B e /NI 1/87

* Appropriate instrumentation, controls, and monitoring systems must be installed to enable and ensure the
delivery and control of saturated steam. Instrumentation should be of the appropriate range and sensitivity to
monitor and control temperature and pressure within the targeted value ranges. Critical locations within the
sterile boundary should be monitored during each phase of the SIP cycle.

WA e T 2 AR L AR A 2R Gt DA DR BE % (1 S FH 1 T AN 2600 A AR R N AT 3 5 A ) Y ]
ARG CLORUEAE H b8 90 IR BE AN s EAT I AR A ) o I BR1 Y0 BBl A () SR B BB 72 SIP A A) i —
BB N AT MR

* SIP cycle design should ensure that temperature and/or pressure limitations of the process are not exceeded
(such as for filters or elastomers).

SIP FEH A i v A DRl A/ B ) AN T PR (B dnsed i 8 4 B PR 1)

* Access points should be provided for insertion of validation biological indicators and temperature sensors at
potential worst-case locations (e.g. low points, high points, filter housings).
JSLAETE A 1) B 22 6 BN AE DR 7R AR B AR A IR LB IE B O . (il IR, W, UERRAh5E )

3.2 Equipment Design Considerations

AR IHERFM
Similar to other processes, such as clean in place (CIP), SIP equipment design should be integrated into the
manufacturing process design and operations (12). Material used for construction and surface finish should be
defined and documented for all product contact parts. Accordingly, the surface finish should be specified based on
cleaning performance requirements to minimize product or microorganism adhesion.
HHAM T ZELIE (CIP) KL, SIP Bt M 54 TZBTHIRIES & (12). Fra 57 it
R0 4 G S A 5 A TR 335 B2 38 e SO SO S o AHSEIRD, R THIGvt B I 35 T v P A e SR DA ™
sty B A AT DR B B /A
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The system shown in Figure 4.2-1 is an example of a process tank with a single feed that is delivered aseptically
via a sterilizing-grade filter. Two sterile boundaries have been identified in the drawing below as an example. The
two boundaries can be steamed separately, or as one SIP circuit. The tank and the filters (feed and vent) are
equipped with steam traps to ensure efficient and effective condensate removal during heat up and exposure. The
tank trap should be sized to handle the large condensate load as well as temperature control during exposure to
ensure a consistent SIP cycle. Temperature elements are placed at SIP boundaries and potential cold spots. The
temperature elements provide real time confirmation that the SIP is successful every time it is run.

Nk 4.2-1 PR RS2 — Al BR R BER IO SR S B T ZRER B 241k, 72T K B2
SE T AN TC G R o X I [ XA AT DA AT 2R VOK T, B E Dy —AS SIP JEFR . BEAIE JE S G
M) 257 B0 7K I LA DR BE 8% A7 RORT i R0 2% BRI IR K B B B v kK o B 1) 20 B N AT 2 108 ) A% O
WETE K BRT 1) B8 Ah B K 8 P04 kK B Ay DL AR FE 4 ], TR OR SIP R IR 1847 . IS Gk E T
SIP il N LA E R fio TR AR AR IR SE I Bl RAEWIAE SIP RN BATIS IR Y, KB 2 B Y
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Figure 4.2-1 Example of Steam Distribution and Process Tank Layout

A 4.2-1 R 5 BT ZERER 245
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Typical Process System Air/Condensate Removal = #78 T. 2 R 45 i 5S4 HEK

GMP



WwWw.ouryao.com

Process Outlet= T.ZH [

Since systems requiring SIP are often the same as those cleaned via CIP, materials of construction should be
selected by considering not only temperature limitations, but potential chemical interactions encountered in both
processes. Examples requiring temperature consideration include: process equipment, instruments, and connection
gaskets that are in contact with steam. Alternative materials of construction (e.g., high performance alloys, glass,
and titanium) may be considered if stainless steel is incompatible with the process.

W RGBT SIP FRFRE CIP BTGV, M TR B A S RIR IR, B EH B T
IBTERIW A EAE ] o 2800k U0, REHEEIREN AR TZwa. GE. SRR SRR . iR
AN TN T TEAER, WA LI E B 2Bk (. sk e e, PaE. e,

Equipment design considerations are typically recorded in the user requirements documentation. Risk
management tools may be used to facilitate design criteria (3,6,13,14). Consider the following points when
designing an SIP system:

A BT S S I WD SR AE T 5 RO o AT DGR T XU 7 PR T Bk 3 B 2 it Fn v (3.6.13.14) .
TEBETE—AN SIP RGIRTH R LA

Steam Consumption

RIHAER

The steam supply capacity should be designed/evaluated to ensure adequate steam supply for the SIP system(s),
with the maximum peak demand during the free-steam heat-up phase. Consideration should also be given to steam
supply load to ensure adequate capacity for all uses (e.g., SIP, autoclave, and humidification).

J BT VA 2L BE ) DL PR AE 2805 B THIR B Be b SO RIEAE IR SIP R GEHR 3t J2 8 1) 280kt
JRHF R FRE N BRSO LA O AT L 98 1 R SR T A A A (91An:SIP. R K BEAE .

),

Good engineering practices for steam system designh must be followed when selecting the pressure reduction valve.
Pressure control should be sufficiently robust to minimize fluctuations in steam pressure delivered to the target
SIP system(s).

241G PRI R N UG 78R R LTI R4 TAERNYE (GEPD . BiAG &6 B s /4 i B8 0 A 287U A%
FIHAR SIP RGN BB /ME .

Note: Steam equipment manufacturers should be consulted for piping design and sizing for steam and condensate
requirements as each type of equipment may require different configurations.

VER: ARSI B AT AT BEXT 287NV K I TC B 7R SR ANIE], DR 0HG A8 T V50 T R i 5 80 1 2RI
PET

Gas Consumption

btk

The gas flow capacity piped to the system should be sufficient to dry and pressurize the system post - SIP to
maintain system integrity. Insufficient gas flow may also result in extended cool-down time.

Bk B R G AN LT RN E I RIE RGAE SIP Ja4E5F RGN e B M. ARREA E ST
A AN E A

Filter Considerations

HEFEEBERA
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Filter and filter housing sizes and materials of construction should be suitable for the intended use and able to
withstand SIP (15). The peak airflow demand for air filters usually occurs during the SIP cooling phase.

RE PR S RS A ST RS A o S d T PO i IR 4852 SIP (15D X Ui B4 B e 1 75 SR o K
AEAE SIP HIA A B

Filter housing configurations and bleed valves should allow the filter core and housing to drain condensate.
Housing options include single or multiple cartridge designs in T- or inline-styles. \ent filter housings may be
heated (e.qg., via steam jacket or electric blanket) to minimize condensation during use (16).

REPE G Ah7E B G R HE IR R R SRR A A e RS FERR VR Bk . AhFe RO FR AR A s AN B R ot
N T BB BRAIE R . T UG IR el JEER AN se b AT Il (Bt @ 28R BB BRI A B PARIE T
VESIA] v ltK E B/ME

To ensure condensate and air removal, filter housings frequently have high point vents and should have low point
drains and be positioned with the core opening down. Careful consideration should be given to materials of
construction for disposable filter capsules, since most capsule shells are not compatible with SIP operating
conditions. Consideration should also be given to the selection of filter housings that comply with applicable
pressure vessel codes.

ORI EEK , DR A 52l R A HEUR, AR A HEK R 3 2 Lot T 2 1) R A
HI TR &R 7> — IR PR SRR A BN REZE 52 SIP 254, DR — PRtk B s O B B b i R 8 . ik
PERLIEER AN T 825 R A e ) RS ATE A S 1

Steaming conditions should be reviewed to ensure they are within the filter vendor’s recommended parameters.
The permissible pressure drop across the filter under SIP temperatures is significantly lower than under ambient
temperature conditions and less in the reverse rather than the forward direction. Differential pressure limits are
temperature dependent and should be considered when determining the steam path. The pressure differential
should be monitored and/or controlled during SIP. Post-SIP filter integrity testing provides assurance that the filter
has not been damaged during the SIP cycle, but there are some disadvantages to performing pre-use, post-SIP
integrity testing. Potential pros and cons of conducting pre-use integrity tests before or after the SIP process are
shown in Table 4.2-1.

JOZ ] O 2 R T 15 100 DA DR A T Rl SRR N R HERE O S B N . 72 SIP TR S N RV 5 I I e 2R 1
s 0 B AR T PRI S A T SOV AR 0B, 28R R B i R AR I ) SO VR AR . e 2 B kT
JE, UUE 2B B BN N I — . SIP IR RO s ZE EAT M AN e . SIP R I e e
ARt 7R SIP IR BRABIAKITRAE, EAESAT SIP Ja se BEMA. {3 AT AT 72 BRI i A — 25k
Mo FE SIP Z I 5 #EAT A8 F A0 58 BRI i i AE A Bk 51) T-38 4.2-1 e

The timing and use of filter integrity tests should be conducted according to applicable regulatory requirements
and through the use of risk assessment tools (17).

Ao 18 8 56 A ) B ) 3 A0 S P SR 8 PR PR R B SR O Fae 5 fs FH XURS VP i T ROREATE B (A7)
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Table 4.2-1 Comparison of Pros and Cons for When to Perform the Pre-Use Filter Integrity Test
R 4.2-1 AT BB Al 78 BRI A L 95 E A
Pre-SIP/Pre-Use Integrity Test

(with filter element installed in the housing to .
Post-SIP/Pre-use Integrity Test

SIP J5 /i F 7l 58 2 PR WK

be used for the process)

C SIPRIAERMEEERR

(ETREEATRTZRSEBRIZA)D

Confirms the filter is
installed properly and
without any damage, for
example to the O-ring seal
TN I 4 22 3% I JF
H5ei e, g,

Filters that may be
damaged during SIP
would not be detected
until the

post use integrity test
RS WAE SIP AR+
TR ] e BB AT A
FH 5 56 B A A A 22
R

Reduced business risk for
production lot/batch as
filter integrity is
confirmed after SIP

T 58 B R AE SIP
JEREATH, PRIBGFEAR T 2
7 it B XU

Typically requires system
positive pressure to be
relieved to conduct the
integrity test (could lead

to media and/or sterility
failures and extended
production down times)

T AT SO MR 2
RGHRMEIEE. (FTRETEL
i 37 BV 2R N BTG B K
W, FFIERAE = [A]

Confirms the filter with
the right pore size has
been installed

ik Rl B g LA
1.

Test is time consuming
and redundant to the filter
manufacturer’ s release
test
MAFE TR E], JF H 5t
YE AR R B ) R
HH,

Confirms the right filter
has been installed
correctly
NI e A B 22 2 1
TR,

Significant process down
time to do testing and
drying of the filter before
use to avoid product
dilution

TE A4 T2 Z A LA
o, I H DR hEas T
B LA R o

Can be performed offline
reducing down time of
process and it may be
easier to test serial filter
configurations

A LABS 2 AT s>
T2 I, T X T
HR IR R DR A S K 3R AT
MATER S .

Wetting fluid should have
low bioburden to avoid
additional endotoxin
release after steam
sterilization
FEZFIKE G Syt G
AN FERTTSY, THRR
475 il 2 AR B B A
Ffif o

Performed online

FELHEAT

Requires downstream
manipulation and redesign
due to wetting agent
removal and venting

needs (increase of
complexity and ingress
points), unless product wet
integrity parameters are
used

T 5 AT R 7 25 B
AR, 72 Tt
AT AL EANE B (N
T#A, EmERD, BRiE
sk IR i (0 2 kAT
SRR

GMP




Pre-SIP/Pre-Use Integrity Test
(with filter element installed in the housing to
be used for the process)

SIP &/ F A 58 2t W3R

WwWw.ouryao.com

Post-SIP/Pre-use Integrity Test

SIP J& /¥ FH 7l 58 3 14 0 R

(WG ZRAEMTZ TERSESHEI7EH)

The filter wetting process
removes filter extractables
o JEAS HIEIR I AR 2 B
TR AR AR L

Serial filter integrity
testing is complex and
requires sufficient user
training

A 15c I P8 2 S BRI
R, TR RIEA
AT 7R HIEE

The filter wetting process
removes any remaining
filter extractables

L8 A A R & B

TRLRE AR A HIBOR R
TEIERT -

Can require integrity testing
equipment to be introduced
into classified areas (e.qg.,
aseptic filling isolator)

i EEAE T  IX 3 e B
WA (lan. TorawERE
RFa 2 4 [X kD

Filter can be dried to
avoid damage during
steam sterilization

FE K B ) 45 7T LA
BEAT T LI G i3

Requires specific test area
T EEARFRR X 4

Serial filter designs may
require additional
engineering to ensure that
sterility between filters

is not compromised e.g.,
sterile gas is required, a
valve installed between
filters, and a sterile vent

on the second housing

AR I T 8 4 5 A A1 Y
TR P fRIS g A% 2
1) < 7S P 7 (L A
AUE I A g
B ALY, TR 4
RLYERR b Te AT R
e

Does not infringe on the
sterile barrier (does not
compromise sterility)
ANBEIRTE 1 Vi B (AN
THD

May not meet specific
regional regulatory
expectations

I REAN BEW 2 HELERT IR
DX 3 A B A0

Does not add to drug
safety, since the filter is
tested post-use, but
potentially increases risks
to the sterile filtrate side
TR IR AT &
BEAT SR BRI, BRIEA
SR s ) e, E
Fe A A RENS N JC A BB
KK o

In some cases, filters will be wet prior to the SIP cycle but this should be avoided if possible. To prevent excessive
pressure differentials when steaming wet filters, the steam may be introduced into both sides of the filter or slowly
increased with vent and drain valves fully opened until steam flow is established. This approach may also be used
to accommodate very large systems where the filter restricts steam passage to the extent that the system cannot be
adequately steamed. An isolation valve downstream of the liquid service filter housing will allow a second steam
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supply to operate independently if it remains closed until the pressure on the tank side of the valve equals the
pressure on the filter side. There are several other approaches including steaming through the vent filter.
FEtFLLN, 1R SIP AT, AIEEEIRE, NI XA Ol i I B AR AR ORI N D TR I
IEZERLR, AERDIERS M0 [P 51\ 28I AE AR R ATHE K I8 4T HRPIRES T 2218 i N 2B E B R s
PRI APV AT DL T3 R A K ) AR G b i A B ) ) o 2O AT AN BE 7840 #EAT 28R
KR A X 3o VBRI DE AR 158 T U AR R 28 1R AT DASR 3t 3 A — AN ST AR B AR BN, T A FERER) —
I 73 5 R s — I B8 T ARSI 4T 0T . 38 At T LA T3 32000 ek 283 e i HE U e AR A

The use of serial sterilizing grade filters may require additional engineering to ensure that the sterility in between
the filters is not compromised by:

F DR A AT 0 i 4 £ A FH 95 2 DA R I A4 R Rt Do i 4 2 18] 1) TC IR R 8 AN R«

a) Preventing negative pressure from forming in between the filters, especially if the filters are subjected to SIP in

a wetted state, during post SIP cool-down.
W7 13 g RS Z AR AT, o) 2 240 P8 AR AER HIRAS R SIP B SIP J5 ¥4 A IR i o

b) Maintaining sterile conditions if the filters are to be integrity tested post-SIP, prior to use.
R e AR e B AAE SIP J5 . MEFIRTEEAT, FLIoT 2 A 75 24 Hr .

Condensate Removal via Steam Trap and Flow Orifice Selection (18-22)

TH 3 A REK BT FL AR B R 22 BR e oK (18-22)

During the SIP process, it is critical to remove condensate from the system in order to maintain the system
temperature. Steam trap and/or flow orifice locations should be designed to facilitate condensate removal during
the process. Steam traps may also include the capability of discharging air to reduce system heat up times. Table
4.2-2 may aid in determining adequate air removal in the SIP system and piping systems. The ideal condition is to
remove all the air, as shown in the column marked 0% (percentage of air in steam). For example, if the steam
pressure is 15 psig, the temperature would be 121 <C if all the air is removed.

SIP RLARMIE, N T OREE RS, RGEPHIRBUK LR ERELEN . BB AR B A/ AL K
AL E LA T SIP Rl RS IE VA REK Y 25 B e 28 TRBR /K I3 A 35 HE B 2 LA 7 BAosk 2D 2R G T Ui I 1)
R 4.2-2 W ULTEIIWE SIP RGEMEE D AG P E AT ALRECE . BRI T - ZRIrA B,

72 T EIH 0%iX —4 iR (IR E . filhn, WiRZARET) GRIED £ 15 857596, 18
Hp A2 EO T, mER N 121°C.

Table 4.2-2 Temperature Reduction Caused by Air
R 4.2-2 R E N BRI R

Pressure bar

Temp. of Steam Mixed w/ Various Percentages of Air (by volume) °C (°F)

(psig)
0% 10% 20% 30%
0.71 (10.3) 115.6 (240.1) 112.3 (234.3) 108.9 (228.0) 104.9 (220.9)
1.03 {15.0) 121.0 (249.8) 117.7 (243.8) 114.1 (237.3) 110.0 (230.0)
1.74 (25.3) 130.7 (267.3) 127.2 (261.0) 123.4 (254.1) 119.1 (246.4)
2.41 (35.0) 139.9 (283.8) 136.4 (271.5) 132.6 (270.6) 128.3 (262.9)
3.47 (50.3) 147.8 (298.0) 143.9 (291.0) 139.7 (283.5) 135.1 (275.1)
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Pressure bar Temp. of Steam Mixed w/ Various Percentages of Air

(psig) (by volume) T(F)

J£77 bar s SN , . R e
? o AR E AR = RE GBI BRETC CF)
S IR E D)

\alues derived using Dalton’s Law of Partial Pressure

il PR T8 R W70 e 8 R 3 Y AR R

Types of steam trap (as defined by International Standard SO 6704:1982) (23)
ZRIRBK IR 2R (4% 8 [ Brodr itk 18O 6704:1982 5E X) (23)

There are three primary types of steam traps:
ZIRBK A =AM A

Mechanical (operated by changes in fluid density) — This range of steam trap operates by sensing the
difference in density between steam and condensate. These include ‘ball float traps’ and ‘inverted bucket traps’.
In the ‘ball float trap’, the ball rises in the presence of condensate, opening a valve which allows the denser
condensate to pass. With the ‘inverted bucket trap’, the inverted bucket floats when steam reaches the trap and
it rises to shut the valve. Both are essentially ‘mechanical’ in their method of operation.

WU BT K R Crr i A4 2 B2 R AL il B4 ) —I SIBE/K IR e Ao W 2 YR VA /K 22 T Y 3 B2 7 e R
HzhfE. Hrp U “EERaEK 7 A “H m ek 7. FERGUK I, AR BOK R,
BRVFFSRS IR FT T HE 2 SR o 81 Al Qs K I, 280 NIRAR I, (B0 R SR T IR T, P A
K I A 7 A BT B AU 7

Thermostatic (operated by changes in fluid temperature) — The temperature of saturated steam is determined
by its pressure. In the steam space, steam gives up its enthalpy of evaporation (heat), producing condensate at
steam temperature. As a result of any further heat loss, the temperature of the condensate will fall. A
thermostatic trap will pass condensate when this lower temperature is sensed. As steam reaches the trap, the
temperature increases and the trap closes (e.g. bimetallic).

T REK I G B ) gk D AR B AR A s 3R ) — MR 28R iR e i )
WIE . AN, ARG AR S (D, AR AR BK . AR — PRI =
T8 B e AR B B o 2l 40 Bt 7 R o L b R 2 BRI, sl 4TI RT), HRBR ¥ B o 7800
AN, BT, BRITTSCH(: XE)E).

Thermodynamic (operated by changes in fluid dynamics) — Thermodynamic steam traps rely partly on the
formation of flash steam from condensate, e.g. thermodynamic disc.

O EUKIR G RI#sh 73Rk IR CHit ksl 77 etz sl sh ) —# o ssi K R o T ek
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Table 4.2-3 An example of considerations for steam trap selection

F 4.2-3 ZIRGUK RER TG

Feature

e dk

Sanitary Application
TN

Method of Operation
B4

Energy Conservation (Time in
service)
REJIORFF RN 1R] [7] FR D
Resistance to Wear

U R

Corrosion Resistance
PUE

Resistance to Hydraulic Shock
PO bl

\ents Air and CO, at Steam
ZRVIR R HERR A CO,
Ability to \ent Air at \ery
Low Pressure

IS T HERR 2 U RE

Ability to Handle Startup Air
Loads
Hgaas S AL B A )
Operation Against Back
Pressure

PRI AT

Resistance to Damage from
Freezing

PRSI E

Ability to Purge System
1L R GiRe

Performance on \ery Light
Loads

W B BN AR RE
Responsiveness to Pools of
Condensate

X £ HH RV BREK R BN e 7
Ability to Handle Dirt

Sib P 5 35 e

Mechanical

IR E=N

No
&

Intermittent
[] &K

Excellent
7

Excellent
75
Excellent
75
Excellent
75
Yes
=
Poor
=

Fair

— %
Excellent
w75
Good
it

Excellent

w75
Excellent

"7
Immediate

ki)

Excellent

7

No
&

Continuous

Good
I

Good
53

Good
bt

Poor %

No
AN
=

Excellent
75

Excellent
mF

Excellent
75
Poor

7=

Fair
— %
Excellent
75

Immediate

Hili5)

Poor
7

Thermodynam
ic

KA K

Yes
=
Intermittent

[ &

Poor

%

Poor
=
Excellent
7
Excellent
%

No
AN
=

N/R

Poor

Poor
=

Good
Iy

Excellent
%

Poor
%=
Immediate
JEIR

Poor
7

Thermostatic

R

Yes
&
Intermittent

J] &K
Fair

— 1

Fair
—fi
Good

4t

Fair

_x
No
AN
=

Good
I

Excellent
w75
Excellent
mF
Good
I

Good
LS8

Excellent
w75

Immediate
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Thermodynam
ic

RAR

Thermostatic

¥R

Mechanical

AL

Feature

e fk

Comparative Physical Size Large Large Small Small

AN RT R N N 7N 7N

Ability to Handle “Flash )

Steam” Fair Poor Poor Poor

NN . — x % %

TN Z& 2R AL FE R i

Mechanical Failure ( Open-

Closed) Open Closed Open Open or Closed
. \ It PS il FIEIES

PG RE OF-5%)

3.3 SIP System Control and Monitoring

SIP 2 4t 12l A i
3.3.1 Automation

HEI RS

Effective SIP operations may be conducted irrespective of the extent of process automation. The degree of
automation for control and monitoring is a decision that should be made based on the criticality of the application
and the resources available for commitment to control and monitor tasks. With thoughtful and proper
implementation, increased levels of automation can benefit more complex SIP processes. However, if the required
SIP operations are not operationally intensive, greater economies may be realized with reduced levels of
automation. Organizations should evaluate the level of automation desired while considering the intent,
complexity, and scope of the SIP process. Determination of the level of automation desired may be facilitated
through the use of risk assessment tools.
XA SIP AT, ATUAE BRI AL E B . P A0 0 ) B sh AR R B T2 P 1) S B AT
TORAEF R DA 55 1R P BE VR P o e AT 4025 FE R 4 1R S, e B S AP R T 5 n & %
) SIP itiE. (HJE, GERFTTRH SIP FEFFs AT R EJEA S ¢, RHTBUREI B 3K FrTge s ma it . A
ZINUR BLVEAS B % 8 B sh A K-F IR RN 25 58 SIP ImAR R H By S PEAE . 385 458 A RS PPl R AT A
S5 B % i 7 1 1 S AL K-

A high level of automation allows less operator oversight, repeatable compliance to procedures, less variability
post-implementation and may also facilitate use of process analytical technologies (PAT). Fully automated
systems involve more work initially to assure that sterilization or sanitization is being performed correctly and as
intended each and every time it is run in terms of system design, software development, and qualification.
Conversely, with lesser degrees of automation, process monitoring becomes more dependent on operator training,
documentation, and procedures which are well known to lead to possible errors.

1 H B AKCSE T DLIg D BN R AR AR KIS AT 3 o] B S M R P e AT (R R TR R D IR
AL B AR ok (PAT) I . 4 B Eh A RG0S K B 8 2 B AT A AR5 K B B s 49 2 IE 1
AR, IF BB IIRE RERE. AT RFRAE TN, &k, ST HIMRERKK RS, L
SO FR I AR TR BRI SUHER G AR G e AR N LD R A o ER
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The implications of three different levels of automation are described in Table 4.3-1.

R 4.3-1 ik T =FANE B 3K 2

Table 4.3-1 Examples of Levels of Automation
R 4.3-1 BaIKT 241

Automated Extensive Extensive Repeatable Automation
H3hk 2 Iz AER B3Ik
Semi-automated Variable Variable Variable Aug)przzl?:nznd

S =EIL A e ZE ZE _
E AL R AE
. Operator .
Manual None Minimal dependent Operations
T /b
F % b - BfE

3.3.2 Controlling the SIPCycle

puR bl
The SIP cycle may be controlled using either a time and temperature strategy, or a calculated FO value as the
process variable. The time and temperature approach relies on durations empirically determined during cycle
development, and usually depends upon the successful, uninterrupted exposure of the system to a relatively
constant temperature. Should the temperature (monitored at critical locations throughout the system) drop below
the designated minimum cycle temperature, the timer may be stopped or reset. Alternatively, controlling based on
FO allows for determination of an SIP cycle endpoint by taking into account equivalent physical lethality across
multiple temperatures.
SIP T 5 B AT R FH I 8] AR B2 A D9 T 22442 i SR B i) R I THER. Fo (0N T E S Bzl sens . R
IR ] A0 P 1 7 R i Ol T R F R AR R AR50 thoE , T8 OB T RGN ASE] BT E— A
FRHEE B EE TR . B E (FERADNRGER AL E D KT HUE K/ N AR IR B, THI a8 8
L b B E T o ] Fo BRI, AT LIRS THEAN FEE N 5055 AW B R K BE U E — > SIP il
2% R

For saturated steam, there is a direct correlation between temperature and pressure. Either variable can be used for
feedback control, but in practice, this information is used to control introduction of steam either through dedicated
pressure control valves or through the use of existing diaphragm valves as described in Section 4.2.

PN ZIORYE, RS S HEA . AR R AT T ] . (HREsSEbrig AT, EIS30E
T8 A g ) R A B AT 1 O B e s ) 25O N B, A 4.2 T TR

Two keys to successful control are 1) proper selection and sizing of the steam supply and 2) fixing the pressure via
a locked regulator immediately upstream of the equipment. The pressure is typically set slightly above the
expected operating pressure to account for systemic pressure losses. Maintenance of steam pressure should be
ensured once the cycle is developed.

FRIDNFER A KRB . 1) BERLE RS BT S hRiE. 2)B& 1 bl —ME iAs 88 IR UE S )
FTE o« BCIE s 38 g v T WU BT 5 B0 AR 0 DU R G Uik . — B SIP R BRI aR Sl (R 728 VRS )
15 BIGERE
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Another effective method of SIP control is modulating pressure or temperature control valves to control steam
during SIP. Depending on the design, either the valve toggle method or control valve method can have economic
advantages. If vessel piping and valve placement are designed properly, most or all of the piping associated with
the vessel may be steamed along with the vessel, rather than having separate cycles for the piping.

F— AR SIP P TR AE SIP I R v i i 5 He ) mlil B2 s ) ISR P ) 20 ARYE BT, TRk
FH 1488 (1 77 v Bl SR I IR PR 7 VR 3 — i AT H . RS EE MR T AL B ot B, 5%
ar ISR 2 B e i B T 5 A — AT Z2OK W, AN T 970 B B% B gt 47 SIP.

3.3.3 SIP for Portable Vessels

] 5 H AR SIP
Similar methodologies may be applied to SIP of portable vessels by designing a CIP/SIP station with automatic
sanitary diaphragm valves in the CIP/steam supply. A single station can service tanks of various sizes via
individual recipes that operate the valves for each tank size or design. Correct timing for each tank is determined
during cycle development.
I AR TE CIPIZRAERIE R T — AN B 2 BARRRAEIR K CIP / SIP Shf 7k, wl T 4Rl 25 48 1
SIP . —> CIP/ SIP st 50 A R A RO B v oRox R T TR AN F 575, REREAT 2 1R
SRR AR EE . AEANEE R IE R A AL BRI (R AE SIP SRR R R M B E

3.3.4 Semi-Manual and Manual SIP Operations

EFTHFL SIP BT
While increasing the level of automation is recommended for enhanced control and cycle reproducibility, it is not
uncommon to encounter manually operated systems. The prerequisites and design principles considered for
automated systems also apply to manual SIP systems. Reducing the extent of automation ranges from
semi-automated systems that are manually initiated but automatically controlled, to manually operated systems
controlled through hand operated valves and pressure and temperature indicators, to those with limited to no
instrumentation. In such cases, through the use of appropriate documentation and well defined operating
procedures, manually operated SIP processes can be conducted with a reasonable level of reliability.
FEVCE TP R E S KRR A SIP R E I FIR, WE BRI T TERIERS. HARGH
F R SE PR A BT R & T F LEE RS £TF LA 3E B shishl i Bk KRG A F, W
> B LR EEAE R, BN T T RS, A TR RITANREE . 5fiR7s deix e IR AR R
BEATIES] . XAIELLT, W E SRS RS, T LERAER SIP AR EEAE — A
A KT FIEAT

Manually operated SIP cycles require many of the same safety, risk assessment, and validation considerations
expected of automated systems. Process monitoring logistics, the physical limitations of operators, and increased
process Vvariability should be taken into consideration if a manually operated system and SIP cycle are to be
designed and operated. Without automation, process interlocks must be proceduralized through SOPs, signhage,
and highly visible warnings.

FLEAE SIP SIETFEFZ 5 ARG TR K 224 RGPS FIIRUE T A5 RS . it Ais T —
ANTFLARAE RGO SIP i RE, 7% 18 125 M D P R a2 48 | 48R 2 1 A 0 PR DA R 9 I ) L 20 R m] AR 1k
BHEIMERGEIGOT, Wik SOPs. FriF AU A WL S & bR B R SE I L2 R 5Lt

At a minimum, systems should be designed with appropriate isolation valves, pressure regulators at the steam
source, and a means of monitoring the pressure within close proximity to the associated manual valves. As with
any system, steam traps should be installed at the low points to remove condensate. If internal temperature
indicators are not installed, surface mounted probes, melt sticks, or sensors can be used to confirm that the
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external temperature is greater than the specified minimum. Using a combination of both pressure and temperature
measurement in close proximity to each other ensures that saturated steam conditions exist (refer to Figure 3.2-2).
B G AR BE BV T 2 O BRI L 2R AR T s DA S AFE SE A S B T 50 1R A 7 B IS 0 B N
HEBR A EEK, AR ] R G 1 Z8VR B 7K W35 87 22 B AEAIR A o TR 22258 AL ¥ AR BE R 7 2, P FH B SR PRI P Rk
R A Bl B2 A S SR DA R T L P2 8 T ) B IR TR o R AR e U AR BE A A S D, FE & I 45
RN XS R Z6AT T, DARIBAMZICRES, (W 3.2-2).

For validation of the cycle, supplemental temperature measurement techniques are recommended. Further, since
the potential for greater process variability exists with a manually controlled SIP cycle, an overkill sterilization
approach is preferred.

XF SIP I FRERIE, HEFE R HREAMENER A . #—2ul, BT T Lish SIP I FRAAEE RIBE L
AR AT AR, N R A KA K B T 2K
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4.0 Cycle Development Considerations

AT K25 1E

The SIP cycle development objective is a robust process that is repeatable and consistently meets user requirement
specifications.

SIP T AR B B AR T RIT A I — MR r) . nTEILR . BERFEH 2 25 1 /R IFE Y -

The user should assess the intended application and purpose of the system and consider regulatory expectations
for systems when claiming sterilization versus sanitization. The overkill method (Fgjo and Fphys >12 min) is not
required when claiming sanitization of a system.

A OT KRR K ISR BRI, I B2 PPl T 60 B2 P MR G i) H R, I 28 18 A B0 T30 22
Ko WMRAEILZHETHE, WATFELERKIE (Fgio Ml Ferys =12 min).

Operational parameters and their classification (e.g., “critical” or “key”) are determined during cycle development.
A risk assessment based on intended use may be useful in determining these parameters.

TEF WU R s € B E 280 TR EAr 28 (Blan. “EEZR” 8 “SCHER 7). BT B R AL 72
T E X LS HUN 2 T

Risk assessments of SIP processes can be implemented at identified control points through a review of the unit
operations and various phases of the process. Operations where the opportunity and likelihood of product
contamination is low may be focused on the equipment, instrumentation, and procedures supporting microbial
control through sanitization.

L A IR A FE AN B SIP URE B XU A T AZE R E 42 SE B e 247 i TS G il
AATREVEARARIS ,  #RAF AT 8 A2 T S5 AR P SCRF A R R B B XSGR SRR .

Each SIP cycle can be divided into a series of steps or phases, depending on the intended use and risk assessment
of the SIP cycle. The phases of a typical SIP cycle may include:

R4 SIP PEIAME ] H BRI PR, B4 SIP IR AT LAy Ny — RID IR B, #U8LF) SIP 753F AT 04 LA
NS

*  Pre-SIPsystem integrity test
SIP i 5 B MEAT I

*  Heat up/Air displacement
I = B e

*  Exposure/Dwell time
KRR T I T

*  Cooldown/Steam removal/Drying
AL BRI

*  Post-SIP system integrity test SIP\
SIP Ja e B A

Each phase has its own intended objective. Table 5.0-1 lists the phases of a typical SIP cycle, and briefly
describes the objectives of each phase. This table is intended to provide a brief illustration of phases that could be
encountered during a typical SIP cycle and is not all-inclusive. Specific parameters that are controlled during each
phase are discussed further in Table 5.2-1. Figure 5.0-1 provides an illustration of the phases of a typical SIP
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BB H B HAR. % 5.0 - 1 71 1 3474 SIP R #ANp B, O HL i ik 1N B B
bRo IXANRAYH IS S SIP RIS B Behe o — Nl R W, R ARG T BT B BL. BB BURE
SEPHIZHAER 5.2- L PHATHE— D Mitit. B 5.0- 14246 T —NIAYE SIP FAEEAM BBt EA .

Table 5.0-1 Typical Steps and Phases of an SIP Cycle with Relevant Objectives
A IS H AR —A> SIP Ja I S 2 () 20 SR AN B

Phase Objectives
B B H B

Pre-SIP System Integrity Test (optional)
SIP fif R4 se BRI (AT

Objectives
H

Determine if the system will meet user-defined requirements for operator

safety and system integrity.

B 2 ZR ORI A2 T 58 U BRI 22 A N R G 1 e BE TR R

Heat Up/Air Displacement Phase
I S E BB

Displace air and heat up the system via introduction of steam at high
points in the system, forcing air out through low points in the system
(gravity displacement) or by single or repeated evacuation of the system
followed by introduction of steam to a predetermined pressure set point
(vacuum/steam pulses).

HAE R GRS AL B TN IR E s SO I R 4, a0 Al
HRGRALE S (EHAR) HiE RS, ol — 82 R E = b
J&E SINZER BN TUE B 3B A (/28R k) o

Condensate removal

SR TN

Keep filter differential pressures within defined limits

ORFFILIE &% (0 e 2245 0 E Vi Tl Y

Exposure/Dwell Time Phase
B CKE) MRERTE

Maintain the system at a predefined temperature and pressure for the
time required to achieve the desired minimum lethality.

e CREDMRIER B A AR G0 ) PR RRFE — AN 5E B BRI 18]
PASRAT ) 82 1) fe /) O BOE

Condensate removal

Br 24 BEK

Keep filter differential pressures within defined limits

Drefp i i % 1) s 22 A e VE L Y

Cool-down/Steam Removal/Drying Phase
AR HZEREBRIT IR B

Cool and dry the system to user-defined levels; typically uses filtered
gases (e.g., compressed air or nitrogen) to cool, dry, and maintain
pressure on the system.

A A TSR P E K @ Hw A g A (i 48
TREA) HATRE. TRIFERGYERFE—EREN

Keep filter differential pressures within defined limits

PRFRI U8 25 1 B ZE AERE T Bl A

Post-SIP System Integrity Test (optional)
SIP & Se BRI (AT

Determine if the system will meet user-defined requirements for operator

safety and system integrity.
T € GBI 2 5 SCRBR AT 22 AR 2R G i) 58 PR SR

Post-SIP Hold (optional)
SIP JafR:F (WJik)

Maintains the system integrity between completion of SIP and use of the
system.Post-SIP Hold usually uses compressed gases to pressurize the
system. This phase is recommended for critical/ sterile applications.
YR RYESE R SIP JE FIEFH R G BN (A B e B k. )5 sip OR¥F
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| 38 {5 P R4 S AR R S 3R T 1 ) L P B o

Figure 5.0-1 Example of SIP Cycle Phases
& 5.0-1 325 : SIP BRI

L] L] T L] T 2.5
1 1 1 1 1
120 : ; ; : : Typical SIP Cycle — with Cycle Phases
1 1 1 = | 1
1 1 Exposure =X 1
1 ] 1 S 1
: : N\ S : 20
=] = L.
100/ A W :
1 1 1 1 1
" ' : " :
1 1 1 1 1
1 1 ] 1 ‘E_)"
= 80 . : : : -15 2
a 1 1 1 1 _8
. | — 1 1 1
S = = . . i Post-SIP Hold <
o Eq' E 1 ' %0 S
a B0 = oo 1 = @
£ =t = 1 R =1 =
= =1 @ 1 1 B E 1 L 10 &
o S : < g, —— Temperature (°C) £
o1 =3 ! E! emperature
d[] el = 1 1 1
D-: o : : : Pressure (Bar Absolute)
(4]
1 = | 1 1
I
: : : : - 0.5
20 }— : i ! :
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1
1 1 1 1 1
D L L L L L [].[]
0 50 100 150 200 250

Elapsed Time (Minutes) iz 4TH} 8] (43)

4.1 Use of Risk Management during Development

TF o 1 72 Fp KRS, B B ) L
Risk management techniques may be used in cycle development to ensure that product risks are appropriately
minimized and that a risk-based level of cycle development is performed. Appendix A provides more details on
the application of arisk based approach for SIP systems.
PRI BT DU TR P TR A, DA £ 7 it B XIS 6 22 A A1, DA KR P T R A XU T A R R il _E AT Y
By Ay SIP RGEHR ML T UG B 75 i SE 2 401 .

4.1.1 Risk Assessment
R DF il

Risk assessment should look at the overall risk to the product and, if appropriate, provide a detailed risk review of
the system to determine potential points of failure and mitigation methods. The detailed risk review, if needed,
should build upon the engineering design review. Items to consider as part of the risk assessment may include:

DR PPAR 2 2 7 il AR UG, SRS E BT, A — TR0 22 G i XU o 2 DU 72 78 7 e A
fil R T G0 SR VR RS B A N AL T AR BT A AR b R R XU VAl AT e AL

*  The processing step in which the system being steamed in place is involved. For example, a system used to
prepare buffers or reagents for early manufacturing steps for an APl may present a relatively low risk,
whereas a system involved in final fill and finish of an aseptically filled product may present a very high risk
WRE SIP T ZWER Gln, L APL HIaRR Btk % g i sl 771 T 25 m] BE A2 AR AR UGS, T %o
TR S TG TR E R T2 AR v XU
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*  The potential for product impact based on the degree of product contact (non-contact, indirect contact, or
direct contact) with the system being steamed-in-place
SIP RGeSt Al AR B2 CIE R Ak s TR] -4 oo, L P ) ko 7 ot ) B2

*  The complexity of the system undergoing SIP
R4 SIP HE AL

*  The severity of failure and probability of detection of an SIP failure. These two factors are related to their
location in the processing stream, degree of product contact, and system complexity. The severity of failure
should always be considered at the highest value for an aseptically filled product (see PDA Technical Report
No. 44) (3).
SIP JRIMCH ™ B AR AT AT R AR o IX AR R SN B, 57 IRAAE L, AR G B A A k.
XTI HERS ™ i, RIMUK P AN — B AT im0 3. (I PDA BORH s 44) (3)

4.1.2 Risk Mitigation
PR P

Risk mitigation should be based on the level of risk tolerance determined during the risk assessment. Depending
on the level of risk tolerance, mitigation efforts may include:
IR P28 ARG V7 2 T IR, DAty 0 S P XSG 25 2 B 7T o AR A T3] P R 0 P XSS 25 280 FBE, % g4 it v e 0 465 -
*  Pre-SIPand pre-use system integrity tests

SIP HiI AT 28 St At FH il e B 4k e I
*  Additional monitoring points and biological indicators (if any) used during cycle development

&7 FF R A TR 204/ i 45 s RS I AR 0 7 71
*  Additional safety factors built into the SIP cycle

SIP FEFF RIS 22 4 A
*  Additional alarm points and/or control limits for temperature and pressure.

I PEE R 77 PR A M e s R 4 | PR

4.1.3 Cycle Development Data
P BT R BdE

The amount of cycle development data needed to determine the key and critical parameter levels should be
commensurate with the overall system risk. A high-risk system should have extensive data before proceeding to
qualification; Other than routine commissioning tests, a low -risk system may need little or no cycle development
data to proceed to qualification.

i € RN LS HUK Pl EIRE T RS N2 5 A RG R AR ARRR . FEBHATIE WA Z BT, &
RIS ) F 498 12 A7 K B PR B 40 SR o S8 B 17 R, — MR RUS: 1) R 4t AT e i AR D B e R
TERE AT LLEAT B AR

4.1.4 Testing
/RN

Some routine tests that might be performed during cycle development:

FERE Fy T A 8] AT 30 4T — 3 I ik

*  Perform temperature mapping to determine cold and hot spots in the system.
BEAT U 73 A A DL 8 R G878 R

*  \erify that excessive condensate is not building up at any points (e.g., low point drains, filter housings) in the
system. The use of thermal imaging instruments can be used for this. Adjust/modify steam traps and system
bleeds as necessary.

FIN R GAEAR T R (0. HEK O R B8 38407 mi) AN BE VR B o 8 YRR A AR 7T LU T A
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DB IN REME UK AT R Gt R

*  \erify that valve timing and sequence of operations are as described in the automation control systems’
detailed design specification.
IR E IS AN ERAE Y 5 SR RS RA B e ik — 2

*  Determine time and temperature required to achieve an appropriate Fpnysvalue.
T RAF Fpys (E T 75 BB 8] A B2

* Biological challenge, to ensure that an adequate Fgo is achieved before proceeding to qualification of
high-risk systems.
FEX e KU R GEEAT WA BT BEAT ARkl ik, AR BE3RAT 28 ) Faio

4.2 Cycle Parameter Determination

BF SR E
Critical operating parameters for SIP cycles include time, temperature, and pressure. These parameters are
manipulated to achieve the desired degree of sterilization or sanitization. Time, temperature, and pressure
parameters should be determined for each phase of the SIP cycle (see Table 5.0-1 for typical cycle phases). Table
5.2-1 provides the operating procedure for each phase, as well as a brief description of the time, temperature, and
pressure set points.
SIP P )RR ES B ORI A IR D) W RN X S HOR LI B K H B & . Mix
fsE SIP JA MR BUII TR) L RE . A 1250 (W 5.0 - 1 S R IR BY) . 36 5.2 - 1 4840t 1 # AR
FEFBEAN B B, LA S — A 7 JL B0 438 1 I ) il B2 R 1 ) ¥ B e

Table 5.2-1 also describes time, temperature, and pressure parameters for the optional System Integrity Test that
may be performed before and/or after SIP of a system. Although there are several System Integrity Test methods
(e.g., Pressure Hold, Mass Flow, and Tracer Gas), Table 5.2-1 only includes the most common System Integrity
Test: the Pressure Hold Test.

# 5.2-1i0H6R T Ak RS SIP HI A/ 5 56 BRI A I (8] L R IS8 BN JIAS R G 58 BRI
T AR RN E, N EAK), R 5.2 - 1 R WA RS 58 B RS AR R .

GMP



WWW.ouryao.com

Table 5.2-1 Example of Typical SIP Cycle Operational Parameters
* 5.2-1 $7 SIP I RIES 4L

SIP Step

SIP B I&

Parameters
2

Considerations

EREFHR

Pre-SIP System Integrity Test (optional) SIP Hi5¢

PEREIN (ATE)

Pressure
Hold Test
&
bRz

The system pressure is brought to a predetermined set point. All valves are shut off and the system is held for a predetermined amount of time. Pressure drop over that time is

Procedure
o measured.

ki RS Sk BITUE WE. T IR IEB R IR R 22— B ). &R ) B3 — e /KT i 7 L et [
There are typically three time periods defined for a pressure hold test: pressurization time, stabilization time, and hold time. Each time period during a pressure hold test
should be monitored and controlled.
A =N 1) B SO 3 ORI A0 e b 8] L RS I [R) AR CRAFISS [ o A I ) B RN AZ 3R AT 4%
Pressurization Time is the time required to pressurize the system to the operating pressure for the pressure hold test. It is dependent on the volume of the system and the
capacity (liters per minute at a given pressure drop) of the compressed gas supply. M ost procedures set an upper limit for pressurization time, as extended pressurization time

Time may indicate a significant loss of system integrity.

i1l 8 S P ) 52 1 70 PR BRI IR 0 2R G AT 08 T Tk B A R P i B (8] o R T RGBSR 4 AR AR A B (R E SRR T TH s REHEFIRE—
A _ERRHE I 1], PR 9 A K e B 18] W] BE 2 B 2R 4 8 B4 8 21 9 B30
Stabilization Time is a brief period—typically around 5 minutes—allowing the pressure within the system to equilibrate and any temperature increases due to pressurization
of the systemto stabilize.
FasE I (A2 — MR RIS A, J@HL 5 208, NRFNEFER T, KRBT R EERE RS 5EREZ BT
Hold Time is defined by systemsize, system pressure, and the size of leak to be detected. Hold times should be minimized to avoid excessive temperature fluctuations.
PRAFI A2 RGERAD . RGUE ST Kl SR f RN RE o DRERIN TR S 1% B /M, BARE S dod FEE Pt P e 3
The system temperature is monitored (typically at ambient temperature) throughout the test to minimize false positives ( “virtual leaks” ) or false negatives caused by
temperature fluctuations.
G AL AN D e R g AT M 0 (OO 8 PSR ) DAY/t P2 I8 0 5 2 PR AR O AP (¢ R DA IR ") A B 42

Temperature | NOTE: Gay-Lussac’ s Law: The pressureof a fixed amount of gas at a fixed volume is directly proportional to its temperature in degrees Kelvin. (Py/T1 =P,/T).

BE ER: de BB rOE: FERENAIATT, BERNSURENSITRSGRERIEL . P /T1=P2/T)).
When specifying the temperature for a pressure hold test, system characteristics such as jacketing, insulation, measuring instrument accuracy and ambient temperature of the
surrounding area and the compressed gas supply should be considered.
IR TR REFI IR B R T R G A%k IR SGEAS BRI SRR A R 48 R R
The systemis typically pressurized to apressure less than or equal to the system pressure during the SIP cycle.
ZRGUE R IMERE /N T EEET SIP HIE RG
The pressure hold period begins after pressurization and the system pressure is allowed to stabilize for a few minutes.

Pressure RGEIINERITIEE R, e ieE JLoreh.

&5 The allowable pressure loss during the pressure hold period is based on several factors including systemvolume, systemdesign, and system criticality.

TR NRFEAR VB IR R R E T IR R BFREER. RV RFHEERE.
Except during initial pressurization, system pressure is monitored, but not controlled.

B T ERIAGE I B B Ak, HA A T] S 1 90 28 4 Iy, AN i) R e 70 o
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Considerations

ERFI

Heat-Up/Air Displacement (Gravity Displacement or Vacuum/Steam Pulses)

AT E e () B A R

Gravity
Displacement
Method

(typical
Method used)

B AR JT
(AT

Procedure

FEfY

Steam is introduced into the high points of the system. Density differences cause the heated steam to displace trapped air in the system
downward. Steam traps and constant bleeds at low points in the system allow the trapped air and condensate to exit.

AINGIANRGIH RS BEERFBIRRESR TR A KT RGN HHIBK RAME E iR 5 8 V2 U Bk HE .

Time

IS [a]

In large systems, gravity displacement may occur as a two-phase process: fER K R %t, = B Hnl A P EL

Phase 1: Valves in the system (system low points and farthest points from steam inputs) may be opened to allow for a rapid displacement of
air and heat-up of the system. This phase typically operates at or near atmospheric pressure.

Bl RG] (RGMCH A, AR AT &) T IF, RV B ORI RS . X Bol 8 2 B Ea R UE 7).
Phase 2: Valves allowing for a rapid steam purge are closed, forcing the steam to exit from the traps and/or constant bleeds. This allows the
system to pressurize and heat to the final system temperature and pressure.

B Be2: K Fovr 2RV PRI R I IR 1] 56 P, 1 fe 280 K IR AT/ BB e R R B . X AV R G R AN B B 2 iR FE AN % )
Time is typically monitored.

68 5 S0 IS ) HEAT 0

Temperature

IR

The time required for gravity displacement is determined empirically by temperature mapping (see section 5.4). The endpoint of gravity
displacement may be determined by temperature at one or more low points in the system.

T BT B AR KRR b bR AR g (W5.4719) o RGN E — /N B AN s (U5 B v g L B e (2 o
Temperature should be monitored during the displacement process. The end point of gravity displacement is typically determined by
comparing the temperature at the control probe to the pressure at the same point.

B REN WEARIR L . K R RIS I ) BUBOR oo 570 B IR AR

Pressure

iV

Pressure should be regulated and monitored during the heat-up air displacement phase.

LEE FE I s S BB B

By the end of the gravity displacement phase, the system pressure should be approximately equivalent (within predetermined limits) to the
pressure of saturated steam at the operating temperature of the system (see Table 4.2.2). The accuracy of system instrumentation and the
location of the pressure and temperature measurements should be taken into account when setting limits for the system temperature/pressure
relationship.

B B ARG B, R G B G AR R T A28 A R (FE FAE I E VB ) (W R4.2.25) . BICETRE/E )R R
15, EE B RGRMABCRRERTE . R A S A & .
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Considerations

EREFI

Vacuum/Steam
Pulse Method
FL IR K
) RrS

Procedure

FEFr

Air is mechanically evacuated from the system to a predetermined vacuum setpoint. Steam is then injected to a predetermined setpoint to heat
the system. The evacuation or series of evacuations (vacuum pulses) followed by steam injections (steam pulses) are used to remove air and
heat up the system. Steam traps and trap bypass valves are used to remove condensate from the system.

WA TBoM RAMET ZHEATE. REEATUEERAINARG. —IGhETSZ RahE R (A2 k), REERREER
fikr), RERTAIFINARG . B BRFIE K 55 25 10 ok R 58 L BRVAEEK .

Note: trap and bypass valves should only be opened when the system is under positive pressure.

EE: HRGAETIERE TR, BKRIAEK S5 8 R SN R TR .

Time

I 18]

Time may be monitored or controlled to assure air displacement. The following parameters should be documented:
WP A PR B R e 2. dsk IS
*  Pulse times
ik I
*  Proportional valve settings
JE IR E
*  Multiple vacuum/steam pulses as required

FEESRIEAT 1) 22 Uil JL 22 75Ukt

Temperature

TR

Temperature should be monitored during air displacement and used during cycle development to determine the number of vacuum/steam
pulses required.

2B E IR, FE T R At M 7 0 P DA 5 7 B s AR Uk e

Pressure

&7

Pressure is typically controlled during a vacuum/steam pulse cycle. The depth and number of vacuum pulses, steam pulse pressure, and
number of steam pulses correlate directly to the amount of air removed during a vacuum/steam pulse air displacement cycle. See PDA
Technical Report No. 1, Section 4.3.1.1 for further discussion of vacuum/steam pulses (1).

Pl R R S R A IS ) SRR A 2R IR T 2R B e s R B O R A AR R (1)
BB WPDAF ARk 1S, #4543 11,
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Considerations

SIP &

2%

ERFH

The system temperature is brought to a predetermined temperature set point after comp letion of the heat-up/air displacement phase. Exposure timing

;%ror;edure begins once the predetermined temperature set point is reached. Exposure timing continues until the minimum required time is reached.
TETERINRS TEHRNBG, RGP IERTUE IR, BRI IR KB Bt o 1IN 4Rk 28k B AR SR I N 1]
Time is monitored and controlled. Exposure time set point should be sufficient to achieve the desired degree of sterilization or sanitization. < [ F+J 7]
) L RIS ), R A AR 88 1) T I T i Do F0) U B 1) K TR B 2 R
;rlr;ﬂe Note: some systems may use FO control, in which the exposure period is terminated once a predetermined FO is achieved. Time to achieve the desired
FO should be monitored for FO control cycles.
ER: HERGEHIF0, —HikE|—EF0, RHRLIESIP, X T @il 3 FOR M 42 SIP 1) R 45 [RI FF 2 I # SIP I ]
;xp sure Temperature is monitored and controlled. Exposure temperature is typically €121 <C, but may be different based on systemand cycle design
Temperature parameters. Systemtime and temperature should be adjusted as necessary to achieve the minimum desired level of sanitization or sterilization.
T T B ARSI A o K PR BE I B > 121°C, (B3 T RGURE IR R TH S 8t w] DUR AN R o 58 G5 I )RR B2 AR R 5 B AT T 8, DAk 3 B /)
R S ER 7K S 1) T2 AR A B B
Pressure should be monitored to evaluate the temperature/pressure relationship related to saturated steam. The accuracy of sy stem instrumentation and
Pressure the location of the pressure and temperature measurements should be taken into account when setting limits for the systemtemperature/pressure
iy relationship. See Table 4.2-2 for more information.
R Z I 77 DA T4 1A IR R D SRR R R BB E /R R RINNAR, EEERG R NSCRIHER L. AR R
ML E . WFA2 -2 ELER.
Procedure Steam supply to the systemis shut off and compressed gas is supplied to the systemto cool down and dry the system. Positive pressure is maintained
idad in the system during cool-down and drying. For a description of an alternate method for a system drying under vacuum, see Section 8.5.11.
RGRMERR A BEARSASA I TRARG. ANTFREBEPRIFEE. #9785 1A T - M RETFRAGKENTE.
Steamn Removal/ Time Time may be monitored and controlled to determine the length of this phase.
Cool-Down/Drying I A] WA 1l B[] LB 2 120 B B
WRIRIRI R IR Temperature Temperature is monitored to ensure systemis cooled to a predetermined temperature before use.
TR A I B A DR RGUAE A T ATV 20 22 TUE R 2
Pressure Pressure should be monitored to ensure system pressure remains within predefined limits.
&7 % 5 IR R 0 PR FFE TIUE HBR B2

Post SIP System Integrity Test
(optional)
SIPJE SRR (ATiE)

See Pre-SIP System Integrity Test
JLSIP (5 A Il

GMP



WwWw.ouryao.com

4.3 Filter Cycle Development Considerations

I8 SRIETTRE S
It is important to control temperature and differential pressure as well as minimize condensate buildup during SIP
to maintain filter integrity. It is crucial to ensure that filters are used in accordance with the manufacturers’
technical specifications and recommendations.
PR B A0 s 72 DL K9/ SIP 391 1R] v ok A A 5 1 i i e B MR AR EE B 00 o A DR U 1 3 A O BRI Y A
WA I g a8 2 B R .

4.3.1 Wet Filters
tERSURY 2

Maintaining low differential pressure across the filters will be largely dependent on whether the membrane is wet
or dry. Wet membranes hold liquid in the pores by capillary forces. Liquid in the pores is a barrier to gas flow.
Steam introduced on one side of the filter cannot easily penetrate and pressurize the opposite side of the filter if a
membrane is wet, resulting in buildup of differential pressure. Afilter may be wetted prior to SIP due to:
DR v 28 P i 1K 22 HEAE R AR R B b IR T BRI B B 1) o I B JEEAE B VR YR OR R AL A AT A
FL AR L SRS o 40 SRR W 1o i 2 — I B0 282 G i e 0] g — MG e, 5 B0 i 2 9 i
TR )2 . — AN IEds SIP 2 AiERA LA N E
*  Performance of a pre-use integrity test on the filter, which requires the filter to be completely wetted

fik YA 75 ZEEAT SE BRI, 5 BN 58 AR
*  Filter type (some require wetting prior to heat sterilization)

R PEAR R (— LR ORI 5 2D

There are three strategies to avoid differential pressure across a filter that has been wetted prior to the
SIPcycle:
T SIP HiA = FhJ7 122 G 1 U8 35 19 v 7= A s 22

*  Blow-down—Filter drying may be accomplished by applying air pressure in the forward direction above the
filter bubble point to establish bulk flow through the filter. Sufficient time for bulk gas flow must be allowed
to ensure that the filter is dry enough to readily allow steam passage without excessive pressure differential.
WA= - RS T T DUR IS 0 KT U B 2 SUEAT IO Tl g, A s RS W I g 2 o 20U 5 <
WS (I T, {33 S84 78 70 TR (3 - 28 P R I e 22 AN R OK

*  Controlled introduction of steam to the system—Steam is introduced slowly from the upstream side of the
filter during the heat up phase until a rise in pressure is observed downstream of the filter. The time required
to heat the liquid in the pores is dependent on steam flow over the surface of the filter. Steam flow over the
surface is facilitated by opening vents and drains during steam introduction.

FEHISI NI B R G- g AR AETHR T B 18 M\ it N, BRI R N ilEH 5 LT In#adjg
s L P VA 5 R IS (R ARG T o i 8 R T Y 28R o I T T S R A B R S H K A B R
RV o

*  Use of dual steam sources (upstream/downstream)—Careful consideration should be given to sequencing of
valve openings and closings to ensure air displacement/steam penetration of the filter membrane and
prevention of vacuum conditions post-SIP.

i FIOGRV ORI CEG T - 425 B8 I T TR SRRy, DARA TR 22 U B 250 OE L g i, 1Ll SIP
EREENERAEZ N

If steam is introduced to the core side of the wet filter (reverse SIP), steam flow over the surface is greatly reduced
because it is not possible to vent the high point of the cartridge core. The system is essentially dead-ended. Under
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these conditions it can take a long time to heat and vaporize the liquid in the pores. High differential pressure
conditions may result during this time. While the reverse SIP of wet filters is not recommended, the reverse
steaming of dry, hydrophobic filters is an acceptable practice, as long as the filter manufacturer’ s maximum
differential pressure rating is not exceeded.

00 5 75 VTR P B B B — U3 N (S 1) SIP), 2 T AR I KR, DR st iy i A T BE BRI . &R
s bARRIX IR T o FERXMIEHL T T EARACI [ RN A 2 A DR L Y BV . X B (A R
ETraRE LR RAEAMES R SIP, AEREX T TR K ML 34T S i) SIP s ] DL, HE
AN e 85 ) 3 P P B K s 2

Correct valve sequencing and properly located low-point condensate drains can ensure the filter does not become

wet unintentionally during SIP. Isolating the filter and heating the piping prior to introducing steam to the filter

assembly is an effective strategy for avoiding excess condensate introduction to the filter during the heat up phase.

E S FRT RGP MK s HE P K U B AT DA DRI DESRAE SIP WP AL TR PR, (EIIAKR
AT, FRE I uERs, 408 T BGR — AN RO HEE SRAEE S I BB Bty N i 22 v K

Filters wet with alcohol solutions should be dried via blow-down or oven prior to SIP to avoid potential chemical
compatibility issues from hot alcohol exposure and to minimize ingression of alcohol vapor into the SIP system.
AN SRAL RS IR R JE &S, 7E SIP 2 BT RLRE DR B+, DLIRE S i i 25 2 B 72 PR rh R AR A 2
AR, JER IR ZVTEN SIP R 58,

4.3.2 Filter Integrity Tests (16,17)

1 U8 4% SE RN
Suitable integrity test of the filter cartridge may be performed pre-use and must be performed post-use for sterile
applications. Regional expectations vary on the application of pre-use integrity tests. Downstream sterility must be
maintained post sterilization. The downstream side of the filters tested by Bubble Point or Forward/Diffusive
Flow in situ on a tank or system should be vented to atmosphere through a sterilized vent filter as depicted in
Figure 5.3.2-1. Off-line integrity testing of filters pre-SIP and post-use is acceptable, however, the installation
integrity check is lost unless the housing with the filter is removed and tested. Refer to Section 4.2 for more
details related to filters and filter integrity testing considerations
X T Io B SIS, FEAS ] 2 B AT DA i A AT 5 ) e R U, T A5 P 5 e AUEEAT e R AN
ﬂ&ﬁ@%%%%%ﬁ%ﬁ%*ﬁﬁoKﬁﬁ%ﬁ%%?ﬁ%%lﬁo%%ﬁ%%ikﬁ%ﬁ@ﬁjmﬁ
Ty BRI s S, T ATE N — A K g SO, i 5. 3. 2- 1, SIP AT SIP JE AT
A P AR S B MNAAGE FT LAY, AR, IXFEE S B 3 e B 2R, BRIARIEREE IS — &R T
RBEAT SE BN 4.2 5051 g a5 K nE A% 58 BEVE A SE TR K F Ik
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Figure 5.3.2-1 Example of In Situ Filter Integrity Test
5.3.2-1 FEf7id g & 5o BN 0 S 1

Integrity Testing of Liquid Service Filter

Compressed Air
{Post SIP)

' ple
‘galyes open
i ) uring integrity
Compﬁfwd Air Vent Filter test of liquid
fier service filter

Compressed Air or
N, Source

[

Integrity Test
Instrument f i o

Liquid Service
{Product)
Filter

4.4 Temperature Mapping

B AR
Temperature mapping is an iterative process with physical adjustments to the system or changes in SIP process
sequences to optimize temperature distribution. These studies can identify locations for permanent monitoring
devices and validation probes in areas of the SIP system that are the most difficult to heat and/or displace air. They
are performed by placing temporary probes throughout the SIP system boundary to ensure the control probes
effectively capture thermal behavior of the SIP system. Probe locations and the rationale for selecting each
location should be documented. The number of temporary probes needed varies according to the complexity,
criticality, and size of the system.
T AT — DN AR, X RGEHEAT YR R SIP AR A LMK B 70 A o IX LRI TR DA
B K A A B A AL B AN SIP RGUI IR KA s 7 B, B0 UE IR S AT 75 52 G Hh i ME I AR/ B2 e e B
Bt B BRI AR TE SIP RS, B ORIZ BT ROt 3R SIP RGBS . BRLALE DL AN
BRI NIl . FEREBGR T RAMERIEE ., HERE. R,

Ideally, temperature mapping should not be performed until after the system has been insulated, as applicable.
Thermal imaging instruments may be used to identify slower-to-heat surfaces that could benefit from the
installation of additional insulation. However, many systems have components such as filter housings or aseptic
filling parts that cannot be insulated due to use of the system and or components.

HAEE LU, 7R R GERBIRIN AT, ASBEREAT IR 70 AT IR o A RARAES AT DL SRR S I s 18 1) 1) 3 18
TR B X IAT LN 2RO 8 203k ik ARTTT, VR0 R0 T 2238 Inad 4% A1 58 B0 B e 2B A, AN
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5.0 Performance Qualification

1 REBE A

Performance qualification (PQ) is the documented verification that the equipment and ancillary systems, as
assembled, can perform effectively and reproducibly based on the approved process method and specifications.
When or where these activities (OQ or PQ) are performed is up to the end user.
PERERA N (PQ) A2 241 7% AN Bl 2R ¢ 22 358 58 Jl, MR A8 22 b vfk 1 7 ol T 2 M b e BE S A R4 v B R 3847 1Y
SCHHIER . AT T AT OQ Bl PQ MU B & HI /.
Performance qualification may include the following:
PERERA AR LU T A
*  Physical qualification: will include temperature mapping runs to confirm that the temperature range
requirements are met and that the minimum FO, or time and temperature, is consistently achieved in the
system.
VBRI R ELE I I 2 AT AT & T VI B R, DA S /s Fow I T Bl B2 AE R 4 b — S s B
* Biological qualification: conducted with appropriate microbiological challenges to confirm that the minimum
Fgio is consistently achieved in the system (24).
AN FHIE 2 BB PPk S e DA A B/ Faio SR ZAAE R GEHH — BUMESZI
*  Bioburden control or sterile hold time studies onducted as required to demonstrate that the sanitized or
sterilized system can be maintained in that condition for the desired length of time before use.
P SRIEAT I A= S A ) BTG TR DR A N TR AT 5 3 W 23 50K TR 2R 46w E A ] R PE BT 5 2% 1 DR R 30
SR [R]
*  Documented assessment and rationale for the selection of locations for the following:
25 15 T PPk A e R 0 DA A B AT A
* Permanent temperature monitoring locations
AR A U ) A
* \lidation temperature monitoring locations
6 i B M 0 A
 Biological indicator locations
R

Measurements of time, temperature, and pressure may be sufficient for SIP sanitization qualification. For SIP
sterilization qualification, measurements of time, temperature, pressure, and biological indicator destruction are
required to demonstrate consistency between physical and microbiological results. A safety margin of higher
temperatures and/or extended exposure times may be built in for routine operational cycles to account for process,
biological, and instrument variability. Temperature and time considerations should be included for heat labile
items (e.qg., filters, gaskets, tubing).

DN (YR ], 36 P R s 77 e i R AR K T T B A . X T PEZR KA F K BE A, WIS TR IR, K
AA P45 75 770 BB 5 SR W B AN G AR D 45 IR 1A — B0 o Sl 57 v R S K P g I 1) ) 22 4l 5
0L L AR A ol SR ] T 2 ) S AR P O AR 00 ) 3 P o i PR R T 7 127 60,438 5o A AN AR 7 5T H (B
o pEdE . L EE).

Multiple runs (typically 3) should be conducted to confirm reproducibility of the steam in place process for initial
qualification.
ZGEAT (B 3 UR) BLAERI AR A i AT 7 vh 28R S

The following activities should be completed and documented in accordance with company policy and current
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regulatory expectations prior to performance qualification:

PAR s S RS T REB LI 2 7] BUR M BT U 58 O DL 300 %

*  Procedures for the operation of the system(s) being qualified
ARG (s) AP B 1

*  Qualification of utilities as needed for the steam in place process (e.g., steam and compressed gases with
appropriate quality and capacity testing)

A TN R R E L Z PR R A G &R S SRR S BT N)

*  Qualification of the system (e.g., design qualification, commissioning and/or installation qualification, and
operational qualification) and calibration of critical instrumentation (e.g., control systems, monitoring
devices, and alarms)

RGN (Ban, WtEA, RN, BTN DLACREE AR RUAHE (Ban, EH RS
PR, MRERR)

*  Development of the SIP cycle parameters, including preliminary temperature mapping
TEL K EAEHSEIHIE, BP0 2 K

*  Training of personnel involved in performance qualification

BELENEREFIA TP 5

5.1 Use of Risk Management during Qualification

T DA I AR XU B ) L
Risk management tools can be used to determine the level of qualification required, develop specific acceptance
criteria, and tactical considerations such as placement of temperature sensors and Bls. The level of qualification
required typically parallels the amount of cycle development required. Qualification efforts can generally be
divided into System/Equipment Qualification and Cycle Qualification.
DA B BT DA A 7 A 75 SR B 8], ) 7 B AR R SR SO o RIS R 25 18, 481 il P82 A% TRt R AE P 4
AT AT KA o EH A T SR I 5 0T R I A SR AR AT o BROGE T RS 9 R GV ek B AN R S
NN

5.1.1 System/Equipment Qualification
RGL IR AN

Depending on system/equipment risk level, qualification may range from documented factory and site acceptance
tests (FAT/SAT) to detailed qualification protocols and test scripts. Typical items considered during
system/equipment qualification include:
HRAE 22 G/ 25 IR AR ), A DA AT LS A 21 B B se ke 44k B\ T S8 SR HIA . R Gk
NG RRAR iR SR SRR
*  Operation of traps and steam bleeds

G 7K R AT 28 TS ) 1A
e Operation of manual and automated valves

SRp IS El ke
* \érification of valve sequencing

W T Zh 1R PP RO A
*  \rification of defined system pipe slopes / system drainability

CLE I R GUE B R R R G HEKBE Bk
* \&rification of calibration for critical instruments

AR BB HER A

*  \rification of temperature within the system (the number of points to be verified depends on system risk)
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RGWIRERIRUE GRS 5 G0 KUK E 75 96 10E 10 = H0ED
\krification of operation of controls, interlocks, and interfaces

PR JEBHERAE A 1R A 48

Additional testing to consider for high-risk systems includes:

e IASE 2R 43 it 2% 8 RIS MU K -

Detailed temperature mapping throughout the system

TEAN ) 2R il B 73 A1 1

Execution of test scripts to ensure that the control system will maintain key and critical parameters under
expected conditions

AT IR AS, AT DR A% ) SR G0 ORI AE TR 26 1R T B G S 2 28

Detailed verification of critical alarms

TR O B Fi E A A

Verification of system integrity, including filter integrity, after operating at time and temperature extremes
(within a predefined operating range determined during cycle development)

F G0 5 B VR R0 E, B0 AE SR A I A28 52 AR Tk B (FE T AR Rl 2 Hh 5 1) — S TR AR #R A YE BEL) Jim o i
) e R

5.1.2 Cycle Qualification

IR GRE2 7N

The level of qualification required for an SIP cycle should be based on the level of risk presented by the system
being steamed in place. Items affected by system risk include:

FELR KR A 0 P 75 A A 0 AR P DL 20 R G U AT R AE » 52 2 50 XU (9 0 H 4

5.2

Use of grouping or bracketing for systems being steamed in place. Low-risk, low-complexity systems may
use a bracketing approach, while high-risk, high-complexity systems may require each system to be qualified
(25).

Ly AL o 2B E R R SRR 28R AR AR 2 Ve R GE T (i FHHFEZR RS T7 kT AUy . i R
HAER RGN TR EZ A RS

Temperature probes: High-risk systems will typically use more temperature probes during qualification than
low-risk systems

mlR Rk R AR 2R G H AR RS 2R Gl i 7 A A HR 8 P B s Rk

Biological indicators: High-risk systems will typically use more biological indicators at a higher challenge
level than low-risk systems, which may even have no biological indicators.

AR TR R RS 2R GEAH B AR RS 2R 4038 7 B e (R Bk ik g A 58 22 (R AR AR AR, TR XU
RGBT A AR R

Physical Qualification

Y E A

The primary objective of the physical qualification component of SIP qualification is to obtain physical data
confirming that the developed cycle consistently delivers the desired minimum lethality throughout the SIP
system. The minimum lethality depends on the kind of SIP cycle used and on the desired degree of sanitization or
sterility assurance.

FE L TR D\ R DB A S 70 1) T2 2 H AR 3RO B AT JT ) SRR B2 AEAE 2K TR R 48 Hh it
it BB AR AT /0o B3 0 Bk T8 2R T AT A FH At SR A0 300 82 090 7 K A ORAE

5.2.1 Sanitization vs. Sterilization
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HEMKH

The extent of qualification depends on the intent of the SIP cycle. SIP performed for the purpose of system
sanitization may only require physical qualification. For systems that are sanitized, bioburden testing (via
applicable sampling methods such as rinse water samples and swab sampling) should be performed as part of the
physical qualification of the SIP process as applicable.

BV AR BE B T AE LK B R R B o A Z K B A E RONEHT RG0E R, B2 ARYWHEL. X1
T LR ATV B A AR ) A7 28 I (O e FH PR EURE 77 3k e b K SR R IORE ) I R e, DB SR E K
PR H R — 2

SIP performed for the purpose of system sterilization will require both physical and biological qualification.
Physical and biological qualification should be performed simultaneously. The destruction of a biological
challenge alone is not sufficient evidence of the suitability of a cycle. The biological challenge data should support
the physical data and vice versa.

EAELK B H AT RG KB, W FE 7 PR AN . PELR R AR DA DA S R B 3R AT
IR AW BRARAS B 7 A 2 DUIE IR A & I VE . AR Pkl 5 1 =4 SR B BB, S 2 TR AR

Initial qualification runs are typically performed in triplicate to ensure consistency. Fewer runs may be performed
if a technical rationale is provided.

FIIRTINIE R AT =0 LA OR — Bk . WSRA BORWE SR, TbAT A s AT I3

5.2.2 Temperature Mapping

BES A
The primary purpose of temperature mapping is to verify steam distribution throughout the system. Significant
variation of temperatures during this study could indicate the presence of air or condensate at an insuffic ient
temperature.
TP 73 1 2 B B RN RGN 7RI T rh 78 2 R B AR A AT e R W AE IR B2 A 2 I A
TR B BEKAELE o

Temperature probes should be positioned in the cold spots identified during cycle development. The number and
location of the temperature sensors depend on the size, layout, and complexity of the SIP system (e.g., a simple
SIP system, such as a transfer line, may only have temperature mapping probes adjacent to the controlling
temperature device) (26). Placement of the temperature probes and rationale should be documented.

T FEARSRAE VS U A BAE T R P o iR AL R AR IR AN A BT SIP R G K/ A7 Ja), AR ek
(b, — AR B SIP RS, Ak 2k, PTRE IR AT il BE IR Sk AT Tl P AR B ) (26) o i BE IR Sk A1 B A B AN R
R LA A e %

Probe insertion should be performed in a manner that does not impact the SIP process or impair any of the safety
equipment/features of the process. For example, care should be taken to ensure that introduction of the probes into
the system does not hinder steam flow or removal of condensate nor facilitate air removal. Typical temperature
probe locations for an SIP system include:

PR AR N TT AN SIP R B 5 AR I A8 AT A 22 A B i 22 4 PR g o i, S 2%/ 0 AT DR A2k
(R4 AN G 28V B P AS VK B UK 22 k. SIP R Gt v R F i P 4R Sk Ao B AL 3T

*  Downstream and/or within filter core

TN IR PN S ) U

*  Possible condensate accumulation locations (e.g., low points and the upstream side of filter housings)
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BRI RERAEMIALE . (B I NI i & 4 7 Ll
*  Upstream of steam traps

i B ARV K R
*  Nozzles and high points where air may be difficult to displace

M I 1 v L, X e B AT e v DL
*  Surfaces of large mass items (e.g., lyophilization shelves)

KAEFYMER T CIvRTHLEEED
*  Surfaces of uninsulated portions of the system being steamed

ARG BRI FB 73 H R TH
*  System boundaries

RGN
*  Deadlegs (condensate/air entrapment)

HE BEUKITSAID
*  Adjacent to temperature and/or pressure instruments

AT B B AL B
Care should be taken to ensure that the measurements accurately represent the system being measured when
installing thermocouples. One consideration is that probe tips should be oriented to avoid erroneous measurements
due to condensate droplet accumulation at the tip of the probe. Figure 6.2.1-1 shows two adjacent probes with
different orientations. The figure shows that condensate does not accumulate on the tip of TC 1 but does
accumulate on the tip of TC 2. This insulates the probe and affects the temperature readings. Figure 6.2.2-2
depicts data resulting from installing thermocouples oriented as illustrated in Figure 6.2.2-1.
JS2 7N, AR £ D0 58 A R 1 S RAE 22 2 R R AR NS R 8 Pl I BRI 100 o b — N5 R IR 3R 2, B B RSk 1
B DA G ol TR KAE RS SR AT S B A R . 1] 6.2.1-1 RN AN A A B A B EE . R
AR RIAEDR L TCL EHZRAELER KL TC2 ko FRESERSL R I E Mk fE 4. 1K) 6.2.2-2 ik T &l
6.2.2-1 Jro 22 e P A AR I P it &5

Figure 6.2.2-1 Example of Probe Orientation

-~

Top of vessel c1 ¢

Condensate
TC 2 .

Figure 6.2.2-2 TC 1 vs. TC 2 Temperature Profile
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Depending on the system being steamed and the intent of the SIP cycle, the study may require that the temperature
locations reach the minimum desired temperature at the end of the heat-up phase. The temperature achieved at the
end of the heat-up phase, as measured by a permanent probe, may be used as a routine check (automated or
manual) to confirm satisfactory heat up for routine production cycles.

FRAE A7V R G SIP A H 1, X T 722 SR AE T B B 285 AR B A7 i 21 BT 5 Y e IR 2 o 7
FHE I B A5 AR, 7] B — AN 7K AR SR AE 9 01476 25 (B B0 E0TF30) R il F A= T AR A N (0 TR
R

Temperature data should also be collected from permanent temperature probes that are designed into the system to
control and/or monitor temperature during the SIP process. This data should be compared to the data from the
temperature probes installed during validation to provide a link between the routine production monitoring and the
validation study.

Tk 0 A S AT I T PR 5 380 2R 50 0 42 #) R/ B 00 SIP o 8 vl B2 o A et 82 02 il B2 R
ar AAEIOUE O BUE SR At — NI AR H WA SIS ERT 7T .

5.3 Biological Qualification

L2 1N
The objective of the biological component of cycle qualification is to obtain microbiological data confirming that
the developed cycle achieves lethality requirements established during cycle design. Not all SIP systems require
biological qualification. If sterility of the SIP system is not claimed, biological qualification may not be required.
KRR AE ) 278073 1) B B SRS AR VDB SR K R TTVEIS B 1 B N AL I BOE R 2R . A2 P
H SIP RGE T BN . W SIP ABRTCE M, WIAZRAYI I

5.3.1 Microbial Challenge

oA M Pk
In order to assess whether the cycle delivers sufficient lethality to meet design requirements, an appropriate
microbiological challenge should be selected to give meaningful results. The microbiological challenge system
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should have a resistance and challenge level appropriate for its purpose. The biological qualification data is used
to calculate the Fgo for the cycle.

N T PR R I AR ST BOPE AR5 2 BT K, T R S S M U Yk ok 4 A S R EE R R
PR RGN 2 A &G H R RRGTE A PR . AV B s T RO R R Feios

Biological qualification using microbiological challenges follows a straightforward sequence:

K AR A= AR T LRI -

* An appropriate microbiological challenge system is devised based on the desired lethality (F-value)
determined during the design process.

WRIE BT TZWIAR F RO PR R S

* The SIP system is exposed to minimum acceptable cycle (MAC) conditions (or less depending on the
D-value and population of the microbiological system).
SIP RGECR W HZ iR 256 (MAC) (BEEZZ, IXHGRT D (AU R G R

*  After completion of the cycle, the microbiological challenge systems are retrieved.

K sea, FEYki Rt

*  Each microbiological challenge system is individually incubated in appropriate media and conditions for
growth of survivors. Directions for use, including data about conditions to be used for recovery of test

organisms after exposure to the sterilization process should be obtained from the Biological Indicator
manufacturer (27). The length of time that the exposed Biological Indicator is held before incubation should

be validated (28).

AR R GHE 5 R FRAEE S A E AE R R FREEASFAEN o  ZE AR <50 B L 7 S Ak
B, BdEA Rl KA T 2RI e R s A 1 Bt (7). /5 B UG UERE IR A K i i 2424
FRARFIIAE IR TA] . (28)

*  The results are evaluated to ensure that the spore log reductions (SLRs) achieved for the microbiological
challenge systems meet predetermined acceptance criteria.

SEVPAL 25 R VPR AR G5 20 £ 7R D FE SO I0E BORRE

*  Fortypical SIP validation runs, all exposed Biological Indicators should show total kill.
XTI ) SIP 38k, A TR B A s R B AR R K

*  Growth of the microbiological challenge organism is required in positive controls.

TAZE s R A P ) A AT BRSO TR

When using the overkill approach for “sterile” SIP applications, there are various methods that can be used to
demonstrate an Fgo of at least 12 minutes. Following are three qualification examples to demonstrate various
methods for obtaining an Fgjo 0f 12 minutes with various Bl D-values.

A 3k B R R I T vk T SIP B, AR Z 7 VEIE 2 /0 12min 1) FBIO. BAR =AN#fiA] AT LAUE B
KHIANA] D EAF AR 7= 51K SE L 12min () Fbio AIAN A 75 7%

Example 1

£ 1
For the overkill design approach, the desired lethality, Fpys and Fgo, is greater than or equal to 12 minutes. If a
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Bl with a resistance of 2.0 minutes and a population of 1.0 x 106 is used in the qualification study, then the Fgo is
calculated as follows:

ST B R K B it T i, TR, Fphys Al Fbio 2K T 8045 T 12min. W EHHF AR A HL /7 2min
MR 1.0x 10° [7R7, A4 Fbio I kN

Feio = Dr X SLR (spore log reduction(#1-1-k/>$5%))
FB|0: 2.0 X 6.0
FBIO =12.0

Therefore, a minimum acceptable cycle (MAC) that inactivates a Bl challenge with an NO = 1.0 X 10° and a
D-value of 2.0 minutes has been biologically qualified as an overkill cycle (Fgio = 12.0 minutes).

BRE, —MAEZE NO = 1.0 x 10° A1 D 4 2.0 minutes [IEMHERT K MAC &R stifid it B 4 KRR ok A
Vil 1o

Example 2

) 2

If the design requirement is an FBIO of 12 minutes and the BI has a starting population (NO) of 1 X 10°and a
D-value of 1.5 minutes, then the exposure time has to be reduced. The exposure time factor can be calculated by
the following:

IR B R Fbiol2min, JH Bl 244540 1.0 x 10° D154 min, A2 K B I A B . K i i 18] K5
AL LR 5

Exposure Time Factor = (Dt X SLR) / Desired Fgio
KA T= (DT <SLR) / W13 Fgo

Exposure Time Factor = (1.5 X 6.0)/12.0
K AR F=(1.5 X 6.0)/12.0

Exposure Time Factor =0.75
KIE I ] 5 5-=0.75

Therefore, an SIP cycle that is operated at 75% of the minimum production cycle exposure time conditions that
inactivates a Bl challenge with an Ny = 1.0 10° and a D-value of 1.5 minutes has been biologically qualified as
an overkill cycle (Fgio = 12.0 minutes). In order to calculate the Full Cycle Fg0, the Partial Cycle Fgio (D1 X
SLR) is multiplied by the reciprocal of the Exposure Time Factor:

FE, —MBEKG No= 1.0 < 10°F1 D {E 1.5 minutes fI2EY)3E7R71I 1 75%MAC F2 F 2K B I 18] F) K 1 2 e i
T R KRR RN T o N TS K Feior #8720 KB Faio (Dr < SLR)ZE3fe LK T I [ 4]
THIEIHL

Full Cycle Fg;o = 1/Exposure Time Factor X (Dt XSLR)
SR KB Feio = VKIS [E] K1 < (DT <SLR)

Full Cycle Fgio =1/0.75 X (1.5 minutes X 6)

BPKE Feio = 1/0.75 %< (1.5 minutes x<6)

Full Cycle Fgio =12.0 minutes

B K Feio = 12.0 minutes

Example 3
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L4 3

If the design requirement is an Fgo of 12 minutes and the Bl has a starting population (No) of 1X10° and a
D-value of 1.0 minutes, then the exposure time has to be reduced. The exposure time factor can be calculated by
the following:

IR BR Faol2min, JfH Bl A SHE 1.0 x 10°, D{H 1.0min, A2 K B A B . K g I Al
FAy sk PR AR

Exposure Time Factor = (Dt X SLR) / Desired Fgio
K [ RF = (Dr < SLR) /H#H¥ /) Faio
Exposure Time Factor =(1.0X6.0) /12.0
K] A F-= (1.5X6.0) / 12.0

Exposure Time Factor =0.5

KBS E T =0.5

Therefore, an SIP cycle that is operated at 50% of the minimum production cycle exposure time that inactivates a
Bl challenge with an No = 1.0 X 10° and a D-value of 1.0 minutes has been biologically qualified as an overkill
cycle (Fgio = 12.0 minutes). In order to calculate the Full Cycle Fgo, the 50% Cycle Fgio (Dt X SLR) is
multiplied by the reciprocal of the Exposure Time Factor:

EE, —AMBEKIE No = 1.0 x10° Al D i 1.0 minutes [94: 43578711 S0%MAC F& 77 2K B I 17] 1) K 1 R
iR I I R KRR R A AN T o TR IKE Feior #897 KI Feio (Dr > SLR)Z23fe LA K B I (7]
PR 15

Fgio = 1/Exposure Time Factor X (Dt X SLR)
Faio = 1/ K [A][A 7> <(DT %SLR)

Fgio = 1/0.5 X (1.0 minutes X 6)

Faio = 1/0.5 %(1.0 minutes x<6)

Fgio = 12.0 minutes

Fgio = 12.0 minutes

Note: The approach used for example 3 is often called the Half-Cycle Qualification approach.

FlE: B 3 BRRAE A IR T i

5.3.2 Use and Placement of Biological Indicators

AWy 7 7R A5 PR B

Biological indicators are typically obtained from commercial sources. The Bl challenge system is typically spores
of Geobacillus stearothermophilus; however, other certified Bls may be used. The use of the semi-logarithmic
model to determine the inactivation characteristics of the Bl challenge system may also be used to calculate the
appropriate challenge to biologically qualify a cycle, regardless of the resistance of the challenge organism
selected. (See Section 6.3.1 for examples.)

AR IR — R T S B o AR/ IR R G — O MR IR T 2F AT B O 1, AT e &
FIED AR 7R T AP da s 7RI B s 2R G0 2 0 1 O 10 2 Sof B80S 2R A T T AR 5 A BE RO K R R,
AN R FE R

There are several types of biological indicator challenge systems. The different types of Bl systems appropriate
for SIP validation are discussed in Table 6.3.2-1. The table gives the description of the different Bl types and the
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pros and cons of using them to qualify an SIP cycle.
LR Bl ki R4, KA 6.3.2-1 Wik TI& S SIP Ik Bl. R4 H T Bl FrEiR, FEH
EATRHIN SIP KB I H s .

Table 6.3.2-1 Types of Biological Indicators

#* 6.3.2-1 EWFa R R

Spore
Suspension
IR BT

Suspension of spores of
known D-value, population,
and z-value inoculated onto
an item or coupon

C&1 D1, WE, Z{HM
TR = TR 3 % b Ek
b

* Allows direct inoculation of
components  (e.g., filters,
tubing) being sterilized
A DL 4% B BOK R A
b CElangERs, EIED

* Does not obstruct steam, air or
condensate flow
AZPHIEZR, AR EE A EE

Yo ah

* Inoculation and recovery method
more difficult
U N E Sy Rr N = 9
e Surviving spores can
contamination
AFE T P RE 2 305 3¢
* D-value needs to be measured
with the coupon or item
D {f & 203 [F) 2% sl it 55
* Introduction of open spore
suspensions into a manufacturing
facility may present significant
regulatory, logistical or product
safety issues
TR VR SR A 3 A =
J5 Wit b AT BE S BU™ VR
T B i 2 4 )

cause

Self-contained
BI*
H& XN AEWE
Zl

Growth medium contained
inside the primary
packaging for the indicator
faan 7t N AT B A B R
2

* Convenient packaging
02 7

* Eliminates aseptic manipulation
of the indicator strip, which can
lead to indicator contamination
(i.e., false positives)
AL T LB IR JC £
&, XFRAE T BE 5] AR 2 71
H9 (lan, AR

* Simple recovery method
[m] Wi e Ty vk i R

* Recovery method and D-value
are typically supplied by vendor
7 7 S A [ Ue 22 75 9240 D B

* Potentially eliminates exposure
of the area to the spores
TEAE I HERR 1 i 19 X B 8 1)
7B AT REFR 7R 7

* Indicator is bulky and not suitable
for monitoring small diameter
systems
AR AN IE S Rl MARA ) R Gt

* Glass media container can break
when not anchored properly and
exposed to a turbulent steam flow
PR A P RETAE B 00 SR BA T
B B B AL IR A& IR
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Spores added on a carrier * Allows versatility in size and
(e.g., stainless,  paper, rigidity based on the selection

plastic, glass, wire) of the carrier
individually packaged to | MR¥EESFH ARG 2 FEAEEE | « Depending on the selection of the
maintain AR carrier, may not be suitable for
Integrity * Minimizes exposure of the area | small-diameter systems
1 3 NAE A EE B | tothe spores WO T8RS 5, ATReAEH T
Bl Carrier (BIIANEEE, 45, Bk, | b X R Tem | MR RS
Bl #fk W, &Bs JFRLT | R * In the case of non-packaged/ bare
PAPRF e % * Widely recognized and used for | Bl ' s, the Bl ' s should be
SIP sterilization validation aseptically handled.

JUZANF IR T SIP KB SHIE | X T o a sk ez 1) Bl, Bl 752
* Recovery method and D-value | AT CE#AE.

are typically supplied by vendor

[l A 2R 7 ¥ R D AR R A I 7 4

it

* Biological indicators should have direct contact with steam. Some Bls are in sealed ampoules that contain
spore suspension in liquid media and therefore may not represent actual system conditions. Therefore, these
types of indicators should not be used.

FUE: AR RS R S AR . YRR AR A A TR S 2R, RIS
PRIV RSk RIS AE A X S48 7R 7.

Bl challenge systems are placed adjacent to temperature sensors in the cold spots/and hardest-tosterilize locations
within the SIP system. For example, they may be located within cartridge filters, in nozzles, in the highest point in
the tanks, in deadlegs where it may be difficult for steam to access or in low point drain/condensate valves. For
large filter housings (e.g., > 20 inches or > 1 cartridge), Bls may be placed in the top and bottom of the filter
cartridge(s) to evaluate the areas within the housing that could have excessive trapped air and/or excessive
condensate pooling. In addition, Bls should be placed in low locations, especially in distal lines where condensate
flows to a drain or pools.

AR 7R R B 2R G TAE K TR R G B v s I B e K T S B Tk AR S 553 o A9 4, A AT T T 22 T AE s L
Bk, WET R R, TR LUR B AL A BUE IR HE K A EKIR T . 3T oRISESE (ln, >20 )
B >1 ANIESS), ARV IR IE ST TS B HR VRO T e 2 R A A B AL 2 R B R A B
F4, Bl ETARKIALE, JUHGR AR S A B 1 FE K AL B & K AL .
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Figure 6.3.2-1 Example of Bl Placement
K 6.3.2-1 BI Ai s L1

Dewwnstream
pusing Lowy Poind

% I Process Outlet >

Typical placement of thermocouples (TC) and
biological indicators (B} on a product filter system.
TC and Bl placement is intended to bracket both the _
upstream high point and the downstream low point in _Low Point_ Sterile Boundary
order to demonstrate air removal, steam penetration, Mon-Sterile

and biological kill throughout the system. The TC
and Bl location (TC3/BI2) proximal to the controlling ¥
temperature efement (TE| also demonsirates finess Y
of that element as a process indicator.

Typical placement of thermocouples (TC) and biological indicators (BI) on a product filter system. TC and Bl
placement is intended to bracket both the upstream high point and the downstream low point in order to
demonstrate air removal, steam penetration, and biological Kill throughout the system. The TC and BI location
(TC3/BI2) proximal to the controlling temperature element (TE) also demonstrates fitness of that element as a
process indicator.

—FRTBCEAE P S R G B IR A AR YRR R RO AL B . TCAIBTTSC & A B 204 1) b 2%V s R )
IR RCRIE IR Y, 28R @ A AP K - TCMIB A7 B e 428 i ek e WA Dy i s 71 )0
ES

To evaluate the correlation between Fpyys and Fgo, biological indicators should be placed near temperature
probes. Biological indicators, TCs, and probes should not block the steam path nor hinder the removal of
condensate. Materials used for placement or attachment of the biological indicators inside the system should not
hinder the inactivation of the Bl or operation of steam traps and sanitary valves. Attachment method must be
robust enough to prevent the Bl being carried away with the turbulent flow and condensate. For paper strip BIs it
is recommended that they be held in place with wire mesh or other suitable method to allow steam penetration
while containing the wet BI. Placement and location rationale of biological indicators should be documented.

N T VN FenysFeio IR R, AEVIFRZRFIRLBCE AR ERER L o AEWFR7R A, TCsHIER L ANRE FHLIE 28R
TEN B BRI HE L o T T AR AR A TECE SORS WG BRI AN L 475 G A P48 75 700 4 K X A8 7K R s 445
FOERAE RGN 7 Q2 08 45 S DA L s U AR B KBTI E o X T ARSKAEM AR /R A, M e S A
BHHEAEEREE, DMET RS, B R. E A E MG R 2 Ui e .

Figures 6.3.2-2 and 6.3.2-3 depict alternative methods of thermocouple and biological indicator placement in pipe.
Materials of construction used for installation (e.g., mesh pouch, wire, clamps, connection gland) should be
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compatible with process requirements.
6. 3. 2-2f16. 3. 2-3HIR T 7R T 7 1 I AR A AE WIFR AR R PTE e . R MM (B4, 4
JBE, KT, T NS LZER

Figure 6.3.2-2 Example of Pipe with Bls and TC Connection Gland

Type 'T" thermocouple

Sanitary end cap with
thermocouple connection
gland attached

Tri-clamp fitting

(clamp shown) Thermocouple

Connection Gland

@ ]] Bl covered by mesh pouch.
TC threaded through pouch

| or attached with wire.

Figure 6.3.2-3 Example of pipe with Bls with Ported Gasket

End Cap (clamp not shown)
Type ‘T' thermocouple

with Bl attached

Tri-clamp Gasket
Drilled to Accept
Thermocouple

Bl covered by mesh pouch. TC threaded
through pouch or attached by wire.

5.4 Qualification Acceptance Criteria

T\ 8 Zhr ik
Acceptance criteria should be clearly defined in the test protocol(s). These criteria should be based on the type of
steam in place process, applicable regulatory expectations, and the operating parameters determined in cycle
development. Following is a list of typical acceptance criteria that should be considered when qualifying an SIP
cycle. This list is not exhaustive and other acceptance criteria may be necessary depending on the specific
situation.

AT G S T 2 hn vt . X EEAR R B T T I ARV, A2 RN TR o T v ) A
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SH. NRINMKIRE AN SIP S RERE Z 5 R M2 brtE . TR, RIGFFIRFAF AT UL AR
W B HE

SIP system integrity (Pressure/Vacuum test) (optional)

SIP 2 mEM EAEZWR) (I

A system integrity test may be performed and results should meet the predefined leak rate. A leak rate may be
selected based on the complexity, volume, and process risk assessment. Temperature drift during the pressure hold
test should be monitored.

ARG e BMENNATE 2T, 25 RE R TUE MM . e AR SR T 2R, BT 2. £
PR AR 6 I 22 W I 2 TR A O

Heat up time

R Tt SR 8]

Document the time it takes for all locations to reach the defined process temperature. The time difference (lag
time) between the validation probes and the control/monitoring probes to reach minimum exposure temperature
should be documented to ensure the cycle has been designed to account for cold spots that are not permanently
monitored.

TSR PITA L B 2 TA W E T2 AN 1) o 36 TR PR SR AN )t 048 S 38058 o {1 % i U 2 ) I 1) 22 e i 53¢ DA
TRUECAR &5 7 A BERFEE I I BT A ¥ i

Lethality (Fphys)

HHHE (Fphys)

Predefined time at temperature and/or FO values should be met and documented (29,30).
FE— 2 IR N e A TE) AN EX FO AR 4 i 2 FE 3% .

Exposure/Dwell time

% 5& I 1A

Predefined exposure time should be met and documented.
TUSE 0 2 i I 1) 36 A2 D 3R

Lethality (Fgo0)

AT (Fbio)

The calculated lethality (Fgio) calculated using the D-value and population of the target organism, and applicable
exposure time factors should meet the predetermined acceptance criteria.

TH5LH) Fbio ZEH] D EAN H AR E M BCRE R T 5, i HL 2 55 I 1A PR3 40 AL TIUE BTS2 AR A

Minimum and maximum temperature during exposure

K B B e A B IR

Minimum and maximum temperature during exposure should meet predefined criteria and should be documented.
IR T I e e B Ui P82 83585 2 TS OE AR i O HL e %

Number of functioning probes

ThBEER LB

The number of probes that can fail and still maintain a valid run should be defined. Documentation should include
rationale for addressing probe failures.

TE I — B H TR RO RE4E 5 A R0a AT SO Ea AR U MR SR R I B i
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Positive and negative controls function as specified

FRRE FH s HEATBA 1 xR O Th e

Positive control biological indicators show growth after incubation at specified temperatures. If applicable,
negative controls show no growth after incubation at specified temperatures.

B R AE e R FAE R E IR N 90 e A . IR nlAT, BIPEXTIRER iR A R i A4 K

Filter integrity should be verified before use and after SIP by an appropriate method such as bubble point,
diffusive flow, pressure hold, or water intrusion. If the filter is directly inoculated with a biological indicator
(destructive test), then filter integrity needs to be assured in a separate qualification run.

£ SIP A5 FH Al J5 BN E O e SRR T M, N2k, ¥ dom . IR U IRFEE KRN . IR EES
wE VTR R R IR (AR, T84 I8 52 B AL B A A

Additional Monitoring:
BN A%

Correlation of temperature and pressure for saturated steam

RPN 8 il B2 R g ) S K

To maximize efficiency of the SIP cycle, adjacent pressure and temperature measurements may be used to
evaluate whether saturated steam conditions are within the user-defined range.

N T K SIP ORERAL, 577 AL E I 5 7T LA SR PP AN 28I 2 Mo R AE A R VE B Y &

Steam pressure
AL
Steam supply pressure, as it relates to the control pressure, should be documented.

FIRPENL S 77, DO R AR BERI ST, ALK,

Post-SIP hold (optional)

SIP G R (Fik)

Acceptance criteria (e.g., maintenance of positive pressure) should be defined that ensure system integrity during
post-SIP hold.

BERSLARIE (a0, ITERBIORER) SRIFITR SIP JGIRAFIN R G 58 B 1

Steamed equipment may require a hold study if stored. The equipment is steamed-in-place according to the
qualified parameters and stored under normal or worst-case operating conditions.

T 2RV B A0 R AR AT P B T A AR FE . B RYE T € M S BT FE 2K TE , JF HARAFE S ZE MNEH 1)
BAEEATT .

5.5 Validation Approaches
BE 7

Many operations involve similar or identical process operations (e.g., filtration or sanitization) or equipment (e.g.,
mixing vessels and bioreactors). In such cases, matrix and/or family validation approaches may be acceptable. It is
recommended that these approaches be presented to the appropriate regulatory agencies prior to protocol
development and execution. Further information on validation methodology can be found in PDA Technical
Report 60: Process \alidation: A Lifecycle Approach (31).

VFZRAE ORI A B T2 8RAME (Bl dEsFH H &) s Bed (BIniR & s AV B 8. 18
AELLS R BN 3 2RISR TP AR A o X BT VAR T R T RAPAT RS AZ 4 LRl . B2
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HIGAIE T 77 A2 TR6O.
5.5.1 Family Validation

Validation studies may be significantly decreased by grouping equipment or equipment systems into  “families. ”
Family validation applies to equipment that is identical or similar, like bioreactors, column housing units, and
tanks. A documented approach to the creation of these families is needed to provide the rationale for system
equivalence. An example would be a bank of three bioreactors of similar design and size to be used in the
manufacture of a single product. One reactor may be validated by three consecutive runs, and the other two may
be validated by one confirmatory run each. Justification for using the family approach should be stated in the
protocol and report. The degree of similarity should be fully documented in the associated 1Q, OQ, and PQ (32).

T I A A BB R G870 S AT AR R IS UERIE 7 o 23 SREGEE ] T AR LB R 2R 50 &, B IR s s 2
WM. BISLR R R BITEP ER P RG —BWERI IR R . — M1 T2 = AN SR AR AN AR ) e
ar T B i A o — AN RS AT DB SE = OS84T RAIE, 53NN IS AT — IRBAERAIE « F 2338771
BAETT MRS P U] . ML EAE S 1Q. 0Q. PQ AUl .

5.5.2 Matrix Validation
R RE 06 UE

Matrix validation (also known as bracketing) is conducted at the full range or extremes of a process or equipment
parameter (i.e., when a group of different-sized vessels of similar configuration are used in a process, the largest
and the smallest vessels are validated). \alidation of intermediate-sized vessels can be encompassed by this study
with adequate justification.

R A 6 IE R A 3 48 A i ) 2 st & AR IR S 8 (il = T2 A ) — AR AU AR AN R RS O 28
aeif s ROKER/NHIE S ERAIE) o 7870 U WA XM FT AT DL 55 e ) RO 4%
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6.0 Ongoing Process Control

T2

Continuous evaluation, control, and maintenance of SIP cycle performance is critical during the commercial
production phase due to the operational importance of SIP processes and the potential for adverse consequences to
product quality. Evaluation of SIP cycle performance is typically accomplished through data monitoring and
periodic requalification. Control is achieved through investigation and resolution of cycle deviations and
equipment/process change control. Finally, to ensure maintenance of steaming performance, effective preventative
maintenance and calibration programs are essential.

KA i BB B, SIP R PERE I RREEPRAl . 3 S B 4EAE XS T SIP T 2R ity o B R A i B 2
. ek i e A2 A BA TR FE R IA SR SEEIRT SIP AR 14 REA VP Al — Pt B i o i o A R
TR PP 22 S 351 T2 A SR IR SEBINT SIP B4 . fea, ZRAVERE, A A 4B RIS IR I 4E 45 2
AR B

6.1 Use of Risk Management for Ongoing Process Control

IR B BRAE T2 AR st o ¥ R

On-going process control activities after initial validation ensure that the system and processes supporting SIP
continue to operate as intended and achieve the desired levels of sterilization or sanitization as required by the
production process requirements. These activities encompass requalification and revalidation, which have
traditionally been executed on a periodic basis regardless of historical SIP process performance or potential
impact to product quality. Many in industry have begun to concentrate validation efforts through the use of risk
management and statistical process control methodologies to identify those systems that pose the greatest risk
based on inherent variability or process capability. Depending on the level of automation, ongoing validation
activities for very robust processes may be limited to periodic or continual monitoring, with revalidation
conducted as an event-driven activity.

FERPIRIIAIE S, SRR T ZEHAT NN T IRIR RGN SIP SCHF 0 T2 e RF Sk B HUN M H 1, JERA
TEA BT SR A BAR ) K B BT Bk P o IR AT B AE PR S FEERAE . JoiR M A SIP 2R I B
FEFRINS 7 it BT RN, A% 48 EOX BeqT o A PR AT o A7 AR 2 N L& TT AR A AU &7 LA
Gt B TV AR R A E I 22 e, T2 e ) ARG AT R B8 UE 28R, AR IS £ BA e KRS IR R 4
T HIMAY, T HLIEEREN T, JREAET N rTfe X2 T A T BoE Se v i g%, FRIeE
R & AEIKENAT .

6.2 Routine Monitoring
H %

Following completion of the cycle development and performance qualification exercises, monitoring of the
routine operational cycles should be performed to ensure an ongoing state of control. Critical parameters should
be documented and data recorded (critical data) for each cycle. Routine monitoring data should be analyzed to
ensure the system has remained in a state of control as demonstrated by the qualification data. The routine
operational cycle is typically controlled to produce additional lethality over the qualified MAC to provide
increased sterility assurance. Cycles that have not met minimum defined critical cycle parameters should be
rejected. Deviations from key parameters should be investigated and their impact assessed to determine whether
the cycle is acceptable or not.

FE5E U Y R FIMERERN G, N TIRIE H AR B2, AR R ET R, S8 St
HC SR I HO A i 390 0 040 I FL R SC BB 7 S AT I 5% o 0 VA IR IO B0 75 ZEEAT 20, DURIE R
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GRS REIA LSS — 2. 8 T REE R NCW R, B AR PR — A ook R w A
/NIRRT BULR S . BEF IR ARER L C8 LB/ NSRS, ARl 2 E T
N T FIWFRE P2 B HEESE,  R8EH S HU R 22 75 ZE AT I BT P Al i

An alarm system for temperature and/or pressure may be used to facilitate the detection of any deviation from the
defined process parameters. Alarm conditions should be properly documented.

REME N SHARER T IBANE KA L Z SRR B R AEME .

6.2.1 Operational Parameters
BRIESH
Critical operational parameters may include the following:

KR T ZSHPOZEFELLT LK

Temperature

BE

Temperature should be monitored at locations as described in section 4.2 to ensure that the minimum process
temperature is achieved throughout the system during routine production cycles.

I BE WP AL BN IR 4.2 iR AR AT e, DA OR B A2 PR e vh /N R 2R B AR RE B A5 AL

Temperature and pressure profiles for the SIP cycles should be recorded and assessed on a periodic basis to
confirm that no significant change in the qualified state has occurred.

SIP FEF7 rh L 5 s ) B 2R BOZ A RO F AT FUVE R PR A, DA O8R5 I0AIE N ARPIRZS B BB AR 1L

Pressure

EA

The system pressure should be monitored at appropriate locations during key phases of the SIP cycle, including
air removal, heat up, exposure, steam removal/cool-down and hold.

£ SIP WIORHEP B, AR AR, IRE. miRB. ZRBRRASET FREEIT B, 200 2 R A B ik
TR A .

Steam pressure and temperature measurements conducted in close proximity to the pressure transducer/gauge
should correlate to the corresponding saturation pressure in dry saturated steam tables. Correlation criteria should
include measurement uncertainty of the pressure instrumentation and/or control system. Steam tables are useful to
determine temperature/pressure correlation.

T INAR I 28R SR 2 & AN ZE IR AR B LRI s g, B HERT A I8 T P 5 B 1 ) A s
7132 SRR )R o AP R o5 1 1 GRS 1 3R SRR A E PR . 20RO UE T
JE TR SRR A

Pressure monitoring post-SIP is important to ensure that system integrity is maintained. Gas used for
pressurization of sterile systems should enter the system via an integral, liquid-rated, hydrophobic sterilizing grade
filter(s) (17). Other filters may be considered acceptable for systems not claiming sterility (16,17).

SIP J& B M0 TR KF R G H e BV R AR B2 . DRIF IO R G IE I B R b Az i — A 52 5 1

WAER ) BKIETCH L IES . XM TIELE RS, HABSEA R AR 828 2 AT AESZ 1Y .

It may be necessary to monitor differential pressure across filters to confirm that the maximum pressure
differential is not exceeded during the SIP process.
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Xof i Y A PN ) s 22 BEAT M4 R AR W L B, XA AT AR ORAE SIP I A ek i 2 1T AT 32 F) e 2 2 AN GEE

it

Pressure or vacuum hold tests may be conducted to confirm system integrity before SIP. These tests are important
from both a quality and safety perspective.

A PAAT I s AR RS, DAfIA RGEAE SIP Z A2 58 BER . IR EHE T ot &8 A0 22 4 A B2 R I e AR
HIEW,

Time
I ]
Time duration of cycle phases should be monitored to ensure the SIP cycle remains within the qualified state.

SIP R A IS () 75 EEREAT 4%, DA R SIP I RR4ERFAE R ARG .

Fo

FofE

Cumulative FO may be used as a process control parameter to end the cycle in lieu of predetermined time and
temperature.

A LLH SR FO A M J7 VR IR P 45 At 8], AT A Bk (R e B V2

Monitoring strategies of SIP parameters and their associated alarms should be designed to provide data
appropriate to demonstrate that the SIP process was performed successfully. System monitoring may be automated,
manual, or a combination, provided that the data obtained is accurate and easily retrieved. The information
recorded for each run should be linked to the validation of the cycle. Resumption of an SIP cycle following
resolution of an alarm condition should ensure that the minimum exposure time is achieved.

Wit SIP ZHUNIAH AR E ) M 42 SRS I, A L RE S A 2 8 1 B8 LLARAIE SIP RE P BT AT . R4t
A LR A3, Fah 77 e E WA R E 17730 TR AR 75 3CR E 5 A p B vEmf . T ig i) e
Al o BHRFRFIZAT INC SR G B R ERR P AT . RS B AR EE 5 FRIRE 1) SIP A2 B R CRAIESRAS 5 /)
EEE (Rl WE.

6.2.2 Filter Testing

puR;£5 3Nz
Integrity testing of the filter cartridge may be performed pre-use and must be performed post-use for sterile
applications (i.e., after the system has been used for its intended use; not after SIP). The test frequency may be
defined according to the needs of the application (17). Where possible, the filter should be tested in the housing in
which it is to be or was used. Filter testing should be performed with a clear indication of pass/fail. Additional
guidance on integrity tests may be found in reference literature.
T LERSES, G AUEAT 2B, (B, RGEFHZE, AE SIP 25 5%
ARSI A 2 AR R I FH ) 5 SRR ) 8 o an AT R, e D E A 5 48 F S RN AE B R R AT I
T YEARAT IS, A B S AR . (ESH T, A I IR ) BSME R .

6.3 Change Control/Revalidation
Ay B 425 i/ IR
A robust change control system should be in place to maintain the validated state of the SIP process.

NAT S B AL R G, MM ORIE SIP T2 AT HEIRE .

Any proposed changes to the SIP process (including procedures, hardware, software, cycle configuration, supply
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utilities, filter types/sizes) should be evaluated to determine the potential effects of those changes on the SIP cycle
and the extent of requalification/revalidation required to demonstrate that the modified process performs as
intended and still meets the applicable acceptance criteria.

TR LS SIP T2 IR R Bk iE. RAENAHRS . ER e RS 1T
DL Z AR S VA, ATEAL T SIP AR 16 BT 7E 52 00 S 5 ZEREAT PR O\ S B0 AR B2 o AT IE B
TX AR B A2 fi W) R SO 5 SR T BEFF SR A 4ERF SIP 2R K.

6.4 Periodic Requalification/Revalidation

JE 3 4 FE A SR E
A periodic review of the system should be performed to ensure the state of control is maintained and to evaluate
the impact of cumulative  “minor changes” over the review period.

2 A IVE VT o LA R GEAL T 32 RS, IR VRAL AR LR N A — 22 /N 224 SR TSR A R o

This should also include review of performance data from various monitoring sources (e.g., process, engineering,
maintenance, and calibration data) to verify that there have been no adverse trends or drifting away from the
baseline performance established during validation. A review of change control documentation should be
conducted as part of the requalification/revalidation.
TX G PPl A &b B e 2 B 1R H A (BTN 2, CARRAIR IR 5 ) AT B A AN (1 35 A B R VA
XoF A% B ST A 1) R A% 2 PR RN B0 AIE (1) — 38 49

Review frequency should be based on the system’ s intended use and applicable regulatory expectations.
Requalification may include supplemental thermal and/or biological indicator testing to verify Fgio and Fppy
acceptance criteria for systems claiming sterilization.

HAZ IR 125 T R GERAE B AR SV T EE o P A AT DS A 25 508 v b 70 A B AR A 4 s 4
IR R S8 5 2 K B Fepy FRMORRTEE o

6.5 Preventative Maintenance Strategy

TR 1 4218 5K
In order to ensure consistent system performance, a maintenance strategy should be in place that addresses
potential changes in material and component performance due to operation, exposure, and time. In particular, the
strategy should take into account how thermal and pressure cycles associated with heat-up, exposure, and
cool-down may impact the service life of various components, particularly polymeric (elastomeric) components.

NTHRARGERERE, NAZA — DA, At THRAE, BRI ()3 B RV E AR

A maintenance strategy should include special considerations toward polymer replacement practices due to their
criticality in maintaining system integrity and their limited lifetime. Polymer service life may be affected by
various operational stresses such as thermal conditions, process frequency, product chemistry, and cleaning
frequency.

AR BAZO R E R R G BRG], X B AR S MR E . REYMH
MR35 75 i 52 22 PhERAE SR AR, WU R, L ZRIR, PR AL A RSB IR

Elastomer manufacturer recommendations may be used as a basis for initial determination of replacement
frequency. However, manufacturer testing may not sufficiently challenge the elastomer performance under actual
usage conditions, so an assessment should be performed to determine adequacy of the replacement frequency..
WK SE AR R Y sV S A P R o R, AR R B AN B 70 20 S s %k A & ) A S B i
FA NIRRT, DR i 2 1) B R R AT — AN PR
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SIP performance can be directly impacted by improper functioning of other components such as pressure

regulators, steam traps, or isolation valves.
HoAt AR DI REMIIA 2 B SIP AT, Wk T I, 2R KA B RR B IR T

The preventative maintenance program should include periodic inspection and/or replacement of components that
are critical to SIP performance. The frequency of the preventative maintenance may be determined based on
component maintenance history, manufacturer recommendations, or risk evaluation and mitigation. In addition to
specific component maintenance requirements, a review of the overall equipment assembly and operation may be
performed to identify issues that could impact SIP cycle performance (e.qg., altered piping slopes).

T 2 4 R A% 6 555 SIP 3 AT AR IR B P 2 1) ) SNV A 2R SE 48 o FSTS PR 4 4P PO ke T 3B A 1
Yedrice, AR I E T MIFEAR o BR T RRIRES AR B0 4ESR 25K, B R AR A3 A 1
PEREATR AL, £RILFEN SIP [mlHVERERT A8 (filn. B TE I )

6.6 Calibration Strategy

T B A 5 SR
The calibration program should include instruments that are used to control and monitor the cycle. Both the
control of the SIP cycle and the confirmation of successful cycle completion are dependent on the proper
indication and recording of critical operational parameters. Calibration serves as both the means to maintain
instrument performance as well as to document proof of performance.
R0 FE Y A% AL B T4 A DR 7 (AR o SIP 48l [ s AN DA [0 % B ) 5 Pt (Rt T3 24 P i s A
KEPRES RN IC SR . RIS RS [F) It 25 S I PE RE4E 4P SR i uE B .

Calibration tolerances and periodicity is determined by instrument capability, history, manufacturer
recommendations, and process risk. The impact of instruments found outside calibration tolerances during
periodic recalibration evaluations should be investigated. A risk assessment may be used to establish instrument
calibration frequency.

TR FRYAG PR S R A RS R R, A0, AR P @ ORI R U e o 7 A SR PR SR v, B s
RGP VPG SEHEAT 7007 o B ASCE A IR A 2 7] AAS— AN KU 20 #7
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7.0 Appendices
By

7.1 Appendix A: Risk Assessment of Steam in Place Processes

B A: FEECKE IR H XU DEA
7.1.1 Introduction

faj

Planning and preparation are crucial when designing a steam in place system. A comprehensive risk assessment
conducted proactively can save time, effort, and resources during qualification, validation, and routine monitoring.
Other benefits include:
FEBCTH—MEZCK B R G0 R B T NI % TAE AR E B o ARSI A AT 4 T B0 DU E Al AT AFEBR T
BE,  H R NGRS R, RS AN B A 23 Ab B

*  Improved planning and preparedness for potential failures
DTEAE SR B et T ) M v 5
* Increased process understanding
ICHSOR S 2
* Improved stakeholder relationships through better communication
T o B 4 B V) 8 S R 2 A DG K R
*  Increased quality assurance through documentation of the decision-making process
I I e SRR R B ST A o fRAIE
*  Reduced risk to patients through process modifications to eliminate or reduce high risk steps
Ao AR B S R o AR R A XU 8 ) oA oA G 28 XL
* ldentification of fault conditions that require monitoring
FRBE BB )R ) 75 2 M 4
*  Optimization and prioritization of validation resources
Bk gEIR AL
*  Selection of test methods and acceptance criteria that are aligned with critical quality attributes of products
IR VE AN GRS R TR R AT 5 7 i SR B Y o 2 s 1k
*  Compliance with regulatory expectations
R BN
*  Assistance in maintaining a state of process control (3)

H e R RS

Additional guidance on risk assessment tools and performing risk assessments may be found in published
literature (3,6,30-34).
5 FF R AR [ SC R B 1) PRI $6 7 (3, 6,30-34) 1T LA Z15%6F KU PP A T 2 AN PAT 9 XU T A

This appendix provides a risk assessment example for illustrative purposes only. The example provided focuses on
a bioburden-controlled biologic manufacturing process. The overall process is first evaluated to identify process
steps with the potential to adversely impact product quality. Those steps are then further analyzed to identify
actions that may be taken to reduce the likelihood of failure.

A B sRAR A RS PE At 2= AR T B H B o SR B ) B S AE AR s T2 R B g . AN SRR R %
DA it A AN D B RS HE— 25 23 DU SR BRI R B AT BE PR 4773
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7.2 Risk Assessment Tools
PR PEA T 5

7.2.1 Hazard Analysis and Critical Control Point (HACCP)

fEF 5 R H] s (HACCP)
HACCP (6) analysis is a rigorous system that may be used to analyze processes to identify hazards and establish
measures that may be instituted to mitigate risk and ensure product quality. It is a complete system that focuses on
preventative measures rather than end product testing. In the context of HACCP analysis, a hazard is defined as
any biological, chemical, or physical condition that may adversely impact the safety, efficacy, and quality of the
product being analyzed.
f&F M 5 KRB S (HACCP) 23 #frfe — N8 R S8, TA] LU T 70 A 06 35 1R i ik R R A 57 A B A1 X
R ORAE™ Sh BT . B2 — e RS, HERUR TP, AR R &SI R T
5B s T T T, SEFROE SONATREXS P B R 2248, AR ARSI BARAT AR, b2y
(. BE L.

A complete HACCP analysis results in the identification of points or process steps that must be controlled to
ensure product safety, efficacy, and quality. These steps are referred to as critical control points (CCP). The
HACCP system is based on the following preparation steps and seven principles:

—N BRI 6 T o0 A 5 S BRE A AT VR Y e O R SR TN A, AR OR S R A, AR TR
B, DRSS (CCP). HACCP R T LA N HYEA L IR AN 7 T )«

Preparation Steps for HACCP
HACCP JEA 5 5%
1. Assemble the team

A BA

2. Describe the product and process
TR AT AR

3. Identify the intended use
i 7 U T 3d

4. Develop and verify a process flow diagram (include nonstandard or abnormal conditions)
il & AR BRI AR ] CEARAARAERIANIE 5 241

Seven Principles of HACCP

HACCP ) 7 T3 Ji JUy

1. Conduct a hazard analysis
BEAT SEH b

2. Determine the critical control points (CCPs). (see CCP decision tree, Figure 8.2-1)
HEAT IR (UL CCP Wi, i 8.2-1)

3. Establish target levels and critical limits
ST HFR AR B IR AR

4. Establish a system to monitor the CCPs
S ST B R B 1) U R G

5. Establish the corrective action to be taken when monitoring indicates that a particular CCP is not under
control
B S R B 1) s MR A% 2R 408 S /e T A o) ) R A N R ) ] L E A e
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6. Establish procedures to verify that the HACCP system is working effectively
AL TR HACCA RS Rus R sy

7. Establish documentation concerning all procedures and keep records appropriate to these principles and their
application

S R IR R A S DR AF

Figure 8.2-1 Critical Control Point Decision Tree

P 8.2-1 JCH % i m tR S
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7.2.2 Failure Mode and Effects Analysis (FMEA)
e i A X S M 20 A

FMEA is a detailed tool that may be used to identify potential failure modes and engineer them out of the process,
improve reliability, or put controls in place to identify the failure modes before product quality is impacted. An
FMEA may be conducted using either a quantitative approach assigning a risk priority number (RPN) or a
qualitative approach assigning a level of risk (high, medium, low). Either method results in a risk prioritization
rank (RPR) that is calculated based upon the following:

FMEA & — N PEAMR) T H, w0 I A8 1) R O O AR i i T 200 A%, $edbmrdett, s fERem
77 i o B R R A A R SRR . FMEA R T E B TR R R ek (RPND BliE
PETTARE — A GRiy s AR IR RIS RAE XA /655 4% (RPR) J2 LALLR D2kt v 55t -

*  Severity of the result of the failure
A P2 SR B R

*  Occurrence (frequency of occurrence of the failure)
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KA CRAIE 55
*  Detection (how likely the failure is to be detected)
Far I s g 0 380 7 P e A 22 K0

The scales used to quantify severity, occurrence, and detectability must be defined as part of the FMEA setup and
training. The scales may be based on available data or they may be subjective and based on professional
experience. The process may be assessed and a risk ranking determined using these scales. Risk ranking
establishes relative risk and identifies process steps that may benefit from the implementation of mitigating
actions In this example, a qualitative approach has been selected. Table 8.2.2-1 provides a more detailed example
of scales that are typically used in a qualitative FMEA assessment.

F T8 e e AR RE o R AR FR AR R I M A AR HE L TR E 9 FMEA J7 ARG I — 884y o b bR v mT DAAR 4
PR R BT e A AN L T 2 56 FI T o R DT Ak I A I AR FH X e bR A 5 XU S5 5 . XU
SR NIRRT R P 2D IR, AT DONGR AN I i it ) St e, e dE 1R ik R
8.2.2-1 $E LRI SE VEA RO B 7, 3 H T PR FMEA TRAl HOFR1EE.

Table 8.2.2-1 Risk ranking assignment chart
% 8.2.2-1 MR 5

Risk category

R 5 %

Process failure is indirect,
moderate, or will have a
QLR SR ET TRV NG slight impact to  patient
in direct to patient health EEEUGBRERRITINIIMo M-l Very little or slight impact
and is life threatening threatening. to patient health JEH#/NER
ERERBEEEIIURAN BeRE e PNl 52l 1 5200 2 B3 1 (8RR
& REAN A= B i, IE R 2 9 N BRI
SR fEE  (HBCA b
There is a high probability REgeIe=SN ;1| [V (-Ne e[
(Yo dolo =N T IT R | RoTeol Il occasionally, but not often;
Occurrence &[RRI RNV [SRNTIIRT "M may result in the unwanted
AR unwanted event event. /R, (HAREH ;
FARRERRE KA, BEResP NGNS
K IFBADERES N Rk R
If the process failure occurs it EIRGERIGHSREITCRIAHICM There is a high likelihood
will probably not be detected JSEuEVANCENECWCERYIGN that existing controls will
by existing controls existing controls. detect the process failure &
MRERER, BERRARE: RIESSEELSIOR=AIYVEETN — MR & ) 3L A 2 5%
P & HlR g2 AR 2 A5 P AR R AT e it

Severity

e E

Process failure rarely
occurs not likely to result
in an unwanted event
WRRMIR D RAEAST R
FEABERES

Detection
AL

7.3 Example of HACCP for a New SIP Process

FH) SIP SR/ HACCP HI#l+
The example uses two risk management tools. Hazard Analysis and Critical Control Point (HACCP) analysis is
used to assess the impact of individual manufacturing steps. Failure Mode and Effect Analysis (FMEA) is used to
perform a more detailed risk assessment of individual SIP process steps to identify risks as well as actions that
may be taken to preclude or minimize failures.
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BT P WS B TR, fa 5 04 5 o2 ] . (HACCP) 23472 FH R VR AL AN T30 O il 18525 BR (1 52
Wi o RIEX G M (FMEA) ZRIRHATA 0 SIP T 2B FRA XK LA 7T e R B By 1E By /b
SRIGCHIAT Bl SE VR B XU P A o

The example presented here describes a bioburden-controlled, biologic manufacturing process. Aflow chart of the
manufacturing process from pre-culture to bulk (API) filling is shown in Figure 8.3-1 and includes typical
manufacturing steps such as cell culture, media and buffer preparation, harvest, recovery, purification, and bulk
filling.

X EAARBE TR T AR ], G T2 WNHREFRRIRE R (AP) SR G R T 20
FIWLE 8.3-1 fiw, GFEMAA = BUR, giMui%ss , SEFRi gzl fml, BRI B, 4l
HERS o

The process steps highlighted in Figure 8.3-1, the Production Bioreactor System and the Purification System, are
further detailed below:

K 8.3-1 s T 2D IR, A AV RN A RGNRAL RS, BE— DRI

Table 8.3-1 documents two process steps identified during the HACCP analysis. The HACCP decision tree,
shown in Figure 8.2-1, was used to determine if an individual process step was a CCP.

#* 8.31 XHYE HACCP Zpifridferhafise ¥ A2 P8R, 18 8.2-1 Fronit) HACCP JRaiis H T e 2
e — A BN AR PR R ) A

The Production Bioreactor \essel was identified as a CCP because achievement and maintenance of sterility was
critical to ensure continued protein production during the cell culture process. As a result of the CCP being
identified, the system was further assessed by establishing critical limits, monitoring procedures, and corrective
actions using a standard HACCP analysis table. Then an FMEA assessment was performed on the SIP process to
further identify individual failure modes. The entire production bioreactor system was deemed to require steam in
place sterilization. Performance Qualification of the SIP sterilization process requires following an overkill
sterilization approach using temperature monitoring and biological indicator challenges.

H ) I N7 5% 5 S AR T TE 9 SRR ) pe R Dy S IR ORGP S B 2 T DR FE A0 M 15 R 1 A2 P iF 8 R 1 o
AAE o ST AR, AR, I HIARMER) HACCP 73 MR A IEFE Tt — 2D VA S g P2 1 il
(CCP) MIHM ARGt SRIGTE SIP 2 BT FMFA PEAS R — BRIl I e R AR e S 2
WAL 5 ZEARIRAE LK T o 0 SIP K T I R8O B 46 7 5 A5 it 2 B 0 R A= i s 79 Pk il e X e P ed 22
KT i

The second chromatography step in the Purification System was also analyzed and no CCPs were identified. This
determination means that though the process step is important, there are monitoring procedures in place
(bioburden monitoring being a key one) to ensure that the process does not exceed limits. The amount of
qualification and the requirements for any subsequent requalification can be determined and justified based upon
this assessment. This portion of the manufacturing process need only undergo a steam in place sanitization
procedure since a low bioburden level is acceptable and a filtration procedure is in place after the purification
steps and prior to proceeding to the bulk API fill steps.

[FIRE XS 55 — D (A 7 I Ak R GE AT 0 M i 2 O R B Al REWE RELREDRIREE, A1
AR s CEM R R R — ) DU ORI AN B PR . AT DA E 5 % PR O 2 J5 AR AR 7
BRHO R IT HARIE VA 8 . Ha e A2 b i i 7 R 7 A AR 4 2P OR AR 7 LR IR AR S UK
AIDAESZ I, IF Al PR E Aicke APL T 78 0 BR 2 AT (i AR 7 2 HE A S A 11 o
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Figure 8.3-1 Manufacturing Process Flow Diagram Depicting Stages of HACCP Analysis

Figure 8.3-1 Manufacturing Process Flow Diagram Depicting Stages of HACCP Analysis
8. 3-1 HHRHACCPAr#T i A= T ZMER
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Table 8.3-1 HACCP Analysis Table % 8.3-1 HACCP 43 #13&
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Step Ref. Process step Hzl:zoa.rd Hazards CCP CCP Rationale Critical limits Monitoring procedure Corrective Actions
HEPR % Yes/No R £l =i 4 R EHRF Y IE5
BERS
3.2.1 Production [3.2.1-1 |Inadequate SIP YES [Maintenance of sterility  [Exposure Temperature:121<C plus  [Monitor time and temperature  |Verify calibration of all
Bioreactor exposure time and/or /& lcritical in this step to measurement Uncertainty during every SIP process measuring equipment Shorten
Vessel temperature ensure protein production. [KERE: 121 FEINAH & & Wi fE—A SIP i AR [A) FE (calibration cycles as necessary
EX/ISavE: NEIER SIP K R ] TP R R B2 8 |[Exposure Time: 12 minutes minimum |/ W2 S BT A I 1 4% (R A v
(s EE IR EE A AE™  |plus safety margin for robustness  [Manual check of all steam 00 N 47 A
KB ITR]: 12 4380, hn b 224 e fik|traps to ensure adequate air \Verify steam trap function
PR & removal prior toinitiating cycle |Replace as necessary
Sterilization Required TR AT A 28R K IR, [ 28R K R ) T R 22
KB ER TRAE S 3 I 1, A 20 R i S 4
AR Investigate SIP run and
Periodic calibration of all previous runs to ascertain
temperature probes root cause
E AR I ARk A SIP 1B AT A LLATIZ AT X
Bioreactor sample bioburden |7l & HR A< J5 A
M onitoring
RS AR ) S L A A 47 3
3.2.1-2  |Microbial contamination YES |If sterilization is I/Axenic culture (no contamination)  [Verify bioreactor samplesdo  |Perform root cause
(HEXMe S inadequate, then TR (G55 not contain contamination fffi#¥ [investigation and implement
contamination could occur, [Sterilization Required 2 A2 W) IR N AS 5 ) countermeasures to prevent
resulting in termination of |K [ 3K reoccurrence JEATAR 4% 5 [l i
production and culture A % St A BT 1R TR AR
disposal.
IR K RA T, T
A RER EVG Yy, IR
ARG IR L
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Hazard
Process step

[ No.
ﬁﬁﬁ%ﬁ%%%

Step Ref

3.2.1-3

Hazards

fak

No SIP after line breakages
for calibration or
maintenance

TERH SIP, LRk iR i itk
AT RHEFI4E

CCP
Yes/No

YES &

CCP Rationale
S i DS |

'When the systemis no
longer in a closed
condition, system integrity
and sterility must be
restored through SIP
following line breakage.
HiZRGAFRLE A
BRI, i
SIP 1K 2 RS 5E LA
TR

WWW.ouryao.com

Critical limits

i PR

Exposure Temperature:121<C plus
measurement uncertainty

KR 121 BN €

Exposure Time: 12 minutes minimum

plus safety margin for robustness

KIS 12 7080, I b2 4 i

1353
Sterilization Required
KR

Monitoring procedure

BHIERF

M onitor time and temperature
during every SIP process

W i —A SIP i R 1) AR
li3

Manual check of all steam
trapsto ensure adequate air
removal prior to initiating

cycle FaIE & AT H ZIRBiK
W, HiRAERSIFIZRT, A
RIS R

Periodic calibration of all
temperature probes

T HAA kIR Rk
Bioreactor samp le bioburden

M onitoring

e aRa /NI A dau /AL S

Corrective Actions

Y EEFE T

Develop line-breaking
procedure that includes SIP
of the line after maintenance
completion

il e w42 e e SIP 12
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Hazard

Hazards

CCP
Yes/No

CCP Rationale

R R U

WWW.ouryao.com

Critical limits

i R

Monitoring procedure

BHlE 7

Corrective Actions

Contamination {3 2E 475 4

bulk APIfilling in place to
reduce or remove
bioburden

e Jn L IR T B E
API SHFEZIf7,  Fy/bER
TR 18

predetermined criteria

A 00 A 2 KT 1% B TE A v
Sanitization Only Required

A PAER

6.2.2 Purification 6.2.2-1  [Inadequate SIP No |Final filtration step prior tojBioburden and endotoxin levels meet|M onitor time and temperature |Verify calibration of all
System lexposure time and/or bulk APl filling in place to [predetermined criteria during every SIP process measuring equipment
T4l R 45 temperature e N 43& 1) SIP reduce or remove|(s 4 P 4 B 37K T+ 2 75 5E #7 itk (M anual check of all steam Shorten calibration cycles as
Chromatogra K BB TR (B R A bioburden Sanitization Only Required traps to ensure adequate air necessary y %S &R
phy 5 I UE Dy Bl 2| A A AR R removal prior to initiating cycle [ (12 18 & #.0 BERT 450 12
Step 2 API SHFR BN, FipkER Periodic calibration of all e
Piping VH R ) 671 28 temperature probes \Verify steam trap function
(EEREATR Product bioburden monitoring  [Replace as necessary
PoIR -4 %A 75 1R 7K I 1) T e b B2
I B e
Investigate SIP  run and
previous
runs to ascertain root cause
A SIP 3BT M LLRTIE AT X]
Ul i 7 AR A S
6.2.2-1 [Microbial No |Final filtration step prior tojBioburden and endotoxin levels meet|Purification sample bioburden |Perform root cause

monitoring procedure in place

investigation and implement
icounter measures to prevent

reoccurrence
A SIP 217 FlLARTEAT X
A1) A 2 AR AR TR A

Extend SIP cycle
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7.4 Example of FMEA for a Steam in Place Process
RIEHERFZHAH (FMEA) Bl TAELRKTEE) T

A more detailed risk assessment of the SIP was warranted since the HACCP analysis identified the Production
Bioreactor System SIP process as a CCP. In this case, the FMEA works well at the component level to challenge
the design and operation of the system and identify potential areas of failure.

FELK I (SIP) SEONTVEAN I XS MG 2 L B, UG E 7 Hr Mo s % £l (HACCP) 0 147
AW I RE A R R AE B K TSR Ny — AN ] 5 (Critical Control Point). fEIX AL T, FMEA fEZ4H AT
JEUCHRAR BT A R G A DA SR VB A B0 R W X 883 4T R

7.4.1 Risk analysis

R 73 #
Severity, occurrence, and detection were considered in the estimation of risk for each cause and process failure.
Qualitative risk assignments including Low, Medium, and High rankings were used as shown in Table 8.2.2-1.
FEXSBEA J BRI A8 S U UG PPA oy, 855 R AR L R LA I o o B KU 7 i LA,
s RN 8.2.2-1 Frow .

7.4.2 Risk Evaluation

BB PRAT
Risk evaluation was also performed using a qualitative risk prioritization ranking (RPR) approach. Since the
occurrence of non-sterile liquid product is considered unacceptable due to patient risk, severity is always rated as
high and not included in the risk prioritization ranking chart. Therefore, the RPR was performed based on
likelihood of detection and occurrence frequency. Table 8.4.2-1uses color-coding to depict the RPR including
Low (green), Medium (yellow) and High (red).
PRSP A A o B XU L Je i 48 (RPR) J5ioRiEAT o BRI ARTC BRIV 7 i A7 8 e S8 XU ) IR
I B MO AN PTHE3Z 1), BRI O S ERRE, I HAGER e R A 4R . B, 47 RPR &%
TR BT BEPEMUA AR A . k% 8.4.2-1 USRI bR i 1 7 i R iR i 2 KU AL S k44 (RPRO
A (e, o (Bt M (20t
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Table 8.4.2-1 Risk Prioritization Ranking Chart
& 8.4.2-1 MK RS ZHFIR

Detection

oLl

Low 1i%
(High likelihood failure will be detected)
(=S GG 2 vl D)

ASRCEU RN [CHA Nl U A N @ This cause is likely to occur | This cause is likely to occur

High
(It is not likely failure will be
detected)

Medium

does it will be detected and may be detected and is not likely to be detected
High | faFERWRERAE, (B RKAE R B AT I AR e oy aa s N E N N A 1 (SR - O L E Y DN
2, gmRE Al ARSI 2 o

Risk is Medium Risk is High Risk is High

R A e U A e AU e

This cause could occur and The cause may occur and it

This cause could occur and will be )
may be detected will not be detected
detected

M edium . X . faETRE R, JFH VRS | EERRAE, JEBENA

Occurrence faE AR, I BRI E, o -~

N i o ; Sl 2 o Z|

KA L% Risk is Low to Medium R -
Risk is High Risk is High

R A N i
. UK A R A7

The cause is not likely to | The cause is not likely to
occur and if it did it, may be | occur and not likely to be
detected detected
fEEARTRRLE, MEK | BEARTRKE, FHFEA
A, AT RERAGIN 3 K] BEAGLI 3

Risk is Low or Medium Risk is Medium

SRS HH i P SSEE

7.4.3 Risk Assessment

BB PP A
Arisk assessment was conducted on the bioreactor vessel system using the FMEAtool. Figure 8.4.3-1depicts the
CCP boundary identified during the HACCP analysis. A smaller boundary has been added to show the scope of
FMEA used in this example. This figure has been simplified for the purpose of this exercise and is not an accurate
representation of a complete bioreactor system.
TRV RN 2 RGP R FMEA T HSEH AR A . Kl 8.4.3-1 TEfE T /A AR #1H) s (HACCP)
AT R A T OB P ] AU IR AORAA o A0 BN SRR B R AE A v FMEA A 78 [ . XS]
ROAMML TEANGI AR, AR — DR R s RS HER RIS .

GMP



WwWw.ouryao.com

Figure 8.4.3-1 Example of Bioreactor \essel System
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The assessment of the manufacturing and SIP process is shown in Table 8.4.4-1. Qualitative values (Low,
Medium, and High) were assigned to each failure for frequency of occurrence and likelihood of detection. The
combination of the occurrence and detection values was used in the risk prioritization chart to determine the
current RPR. The acceptability of each failure cause was determined using the RPR. High RPRs were generally
considered unacceptable and mitigation actions were investigated to reduce the risk. A Medium RPR required
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investigation for further mitigation and then a final determination was made as to its acceptability. Mitigation may
be accomplished either through re-engineering or increased monitoring to reduce the RPR.

A A SIP I AR VPAN WA 8.4.4-1. JEVEME (MK, o, &) #0000 B0 UG AR AR A A N T
PEE o RAESRE ARG AR B 5 AT AE RS 118 S8 2 R Hh SR o8 4 T B B i 44 (RPR, risk priority
ranking ). & CHRE J5 DK (B2 PRl L] RPR KA SE « 51 RPRs 3l 5 A A2 AN AT 52 1K IR0 AL it dis
Tt FEAR XU, o o RPR 5 SR A0 — 20 B G I die 24 I 7 6 A PT H32 4%k o G2 mT e e BBt el P In T B3
I RFEAC RPR.

7.4.4 Risk Reduction/Post-mitigation RPR

BB P AR/ PR Z M RPR
A means of reducing the risk was developed with preference given to engineering controls over procedural
controls wherever possible. The occurrence frequency and likelihood of detection were evaluated after each of the
mitigation actions was implemented. For all cases in this example, the mitigation actions were able to reduce all
RPRsto “Low,” which is considered an acceptable level of risk.
WEE AT RS FR) — Aot = B AR S8 T R T REAE L AR5 ) 2 b N ) R ] o A PR AN 435 e 1) S it J #2504
R ANAG I ) T BEPEHEAT VAL o XTI TR BB I 0, SRS T A 8 PR AR AT 1 RPRs 2] “fIK7, X
TN AT DA 2 Y KU 7K o
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Table 8.4.4-1 Assessment of Manufacturing SIP Process
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7.5 Appendix B: Lyophilizer SIP Design and Cycle Considerations
BE% B: HRFHL SIP B FIEEF R B R E

Lyophilizers are unique, complex systems, with limited guidance available relative to SIP. The concepts discussed
here apply to lyophilizers used for aseptic processing, but can be applied to other equipment and systems.
HRTHUE AT E AR M RS, HXT SIP, AT KRS RA R . X BN IeHM&E TR HHLG AR
AR, HHEEN B HAR B B MR S

The typical components of the lyophilizer include the chamber, shelves, ram, condenser, heating and cooling
system, chamber vacuum pumps, vent and compressed gas filters, CIP spray devices (for some lyophilizers), and
chamber isolation valve. An example lyophilizer schematic is shown in Figure 8.5-1.

HTHR B O RE s RS, TE2E. WlER . AR H RG . BERE. WIS =<0l g
&% CIP Bbk s W FLek 0L A SRR . Bl inik FHls = B 8.5-1 k.

7.5.1 Lyophilizer Chamber, Shelves,and Ram

HENEE. 2FAEE
The lyophilizer chamber is a large vessel that contains hollow shelves on which the product vials are placed. The
shelves are typically raised and lowered by a large hydraulic piston (ram). The distance between each shelf in the
shelf stack is maintained by positioning rods or a similar mechanism. The lyophilizer ram is typically protected by
a flexible bellows that separates the ram piston from the lyophilizer chamber. When designing an SIP cycle for a
lyophilizer, it is important to ensure that the moving components in the lyophilizer chamber, such as the shelves,
positioning rods, etc. are fully exposed to steam. This is commonly accomplished by raising and lowering the
shelves during the SIP cycle.
PRFHLAT =2 MR R A 5, HLI A & 0O ™ i B s B AR R 1o B RT3 i — A R
FERTHE . BB SE 1 2 18] (¥ PE B 2 H e A PR B SRR ORFR IR o R T AL 238 5 A2 bR B SUE R AR
7, FHCRE FERE TR = BRIt . BRI SIP 030 RIS, #f DRIR TP = N B804 CanR@iR
. EAMESE) W LABEN AR Y, IXFEA] DAT AL R 70 00 O B ER AR ARV R . R I 1 SIP 18
AN T AR SR 5 BRCK B L7 o

7.5.2 Lyophilizer Condenser

KT LR
The lyophilizer condenser contains cooling coils that condense the sublimated water vapor into ice. Two types of
condensers may be used in a lyophilizer: internal condenser, in which the cooling coils are located inside the
lyophilizer chamber, and external condenser, in which the cooling coils are located in a separate sanitary vessel
that is connected to the lyophilizer chamber.
IR BV RERS 5 BV HN A E K R BOK T B A UK . PP SERL B2 PT R FH TR 0L NI s, it
SV AL AR T BN, AN RS, B AR A — R R U E B — A
ST H)IETE AR

For production lyophilizers that use external condensers, it is important to have separate temperature monitoring
probes for the lyophilizer chamber and condenser. Separate temperature monitoring probes are not required for
internal condensers.

X T4 ARV Bk g AR P2 LR 0L, R TS S RN VA- e a3 SR i P IS P PR S R L) . N ERVA A
VU AN 5 S ST B U P Ak
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External condensers are typically large sanitary vessels that can be difficult to access. Temperature mapping of
external condensers can be difficult because limited access impedes placing temperature sensors. Since external
condensers are often cold points, consideration should be given to installation of appropriate access for temporary
probes or installation of permanent probes at these locations.

AR VA B I R K ANEVE A, IRMERE N o ANA EERS IR M R AR AR, A BRI N FEAS T
B RN o RN ANV 2 22 BV 1, BT AN A% 7% FE AR IR L7 B 5 N 1 22 2l I 1 B 7k A M
k.

7.5.3 Heating and Cooling System

P s
Heating and cooling fluid is supplied to each shelf via flexible hoses connected to fluid inlet and fluid outlet
manifolds either inside or outside of the lyophilizer chamber. Any penetrations into the system for the heating and
cooling system should be of sanitary design. All flexible hoses must be designed to withstand the temperature and
pressure/vacuum of a typical steam SIP cycle.
A BOE E R B RAAN DA 1, SR MR IR BN A AR FZE 2 RS H IR A R G
RAZBEAT I BT BTt I EEE R TH OE L ATRE S K 52 SIP IR fR B A s DI/ B

The heating/cooling system should be vented and remain off during SIP to prevent damage to the equipment. The
heating/cooling system can be turned on during the cooling phase of the SIP cycle, if shelf temperatures are below
temperatures that could damage the equipment.

75 SIP JIA], InFAVA AN RGN HE A AL T o0 RS, By bS5 B & o A SR ARUZ TR AR T PT BEUA L% /Y
I, 7E SIP A A JEY Boin#vve J1 R 4 w] LLTIT

7.5.4 Chamber Vacuum Pumps

HTFHRAZR
Lyophilizers often use multiple types of vacuum pumps: a liquid ring vacuum pump is typically used for the SIP
process, and high-vacuum pumps are used for freeze-drying. These pumps are not compatible with moisture and
therefore should be isolated during the SIP cycle.
R HLEH AL 2 A 2R i B AR s Sl ] T SIP 1R, S v AU 8 F T8 R IR BB
ANREE 7K 2 A 7%, TR SIP 3 (8] B 1% 52 BB 25 IR

7.5.5 Vent and Compressed Gas Filters

S K EEESIES
Lyophilizers contain one or more sterilizing grade vent filters and/or compressed gas filters. Depending on
lyophilizer design, these filters may be steamed in place or may be sterilized separately and connected using an
aseptic design.
TPV S — AN AN KR O BHE o P8 s A Bl 4 AR I8 S o ARAE R THLITE, X Lead 8 28 7] R
AR SIP B 4 K T Ja e g T 21 2k U7 A%

=

7.5.6 Clean-in-Place (CIP) Spray Devices

TE LR VB B B %
If a lyophilizer has spray devices for CIP of the chamber and condenser, it is important that these penetrations are
sterilized as part of an SIP cycle. This is typically done by introducing steam into the lyophilizer chamber and
condenser through the spray devices during the SIP cycle.
AR — AR BT bR B T R R A RS HEAT R 2, B, X LU A NoE . SIP KR . il
R SIP ALK 28R TN FIR AL FN7A a4 R S
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7.5.7 Chamber Isolation Valve

HT ERER
Lyophilizers with external condensers use isolation valves to allow separation of the lyophilizer chamber from the
condenser. These valves are generally of two types: butterfly valves or piston valves. The isolation valves should
remain open during SIP to ensure sterilization of the valves and the connection between the lyophilizer chamber
and the condenser. Special attention should be given to the isolation valve and to the connection between the
lyophilizer chamber and the condenser because this can be a cold spot in the lyophilizer system. The flange
between the condenser and lyophilizer chamber needs to be designed so that the flange gasket is flush to prevent
pooling of condensate.
7 AR VA Bk s T VR AT LA P B 25 1R B R WL 2 5 VA 2% 20 T o X e ) [ 108 A P P 2R e R ) B 2E
e 7E SIP 30115 K% B9 IR S ORFFTFIE0 W R IR 1D A 5 = RVA- s R 1 REARCK T S E IR A 11 2
LRKIX T B2 RA M o Bt B Beds IR AL 2 2 8] BOVE 2205 22 8O =2 P B sk DA BT 1R 4K
B

Figure 8.5-1 Simplified Schematic of a Lyophilizer and Condenser
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7.5.8 Post-sterilization Leak Test
KB 5 MRAS

Because lyophilizers operate under vacuum, it is important to leak test the lyophilizer after sterilization. Most
lyophilizers have vacuum leak test cycles built in that pull a vacuum on the lyophilizer and then seal off all inputs
to the lyophilizer. The vacuum leak test passes if the increase in pressure in the chamber is less than a
predetermined amount over a pre-determined time. The acceptance criteria for a vacuum leak test will vary based
on lyophilizer volume and design, and should be determined with the aid of the lyophilizer manufacturer. It is
important to ensure that the chamber is thoroughly dry to prevent “virtual leaks” caused by sublimation of residual
moisture. Most post-SIP leak tests are performed after a chamber drying cycle.

H TR THIER R R T istr, FrboKE GG R 2 R BN . R 2 H0E LT 22 Mt
BRI HOZ AR R E S, B AL . WUIREEEEN AN, REHLA R E AR T BE 2 18
LR LA MR TR0 o 3 U K0 P S0 WA A #E 2 AR 0 1) 32 A 00 2 PR T B AR BRI T AN R T 224K,
A T R = A AR T4, BABI IR B Ky THE SRR i A A . 2 BHELZRIUKEE (post-SIP)
PR 136 e A T 1R S T 2 e iR AT Y

7.5.9 Cycle Considerations for Lyophilizers
HFHEFREEEHR
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SIP for lyophilizers differ in a few important considerations from other systems being considered. Following are
some of the main considerations for lyophilizers:

R LRI ZR IO A S B B S A AL R A o R THL— 8 3 2R T T

* Lyophilizers are rated for deep vacuum (typically £100 micrometers Hg) and are fitted with multiple vacuum
pumps, including liquid ring pumps that make it possible to evacuate the system before and after SIP. This
design allows the use of vacuum/steam pulses to remove air from the system during the SIP cycle.

IRFHL e L (B R £100 oK), BCA 2 J8 28, B4 SIP |G FH R IE RGO R . XX
THATAE SIP fE¥AH, FHEZZERIKER £ RGP 2o

* Lyophilizers operate under deep vacuum after SIP, requiring the system to have a lower leakage rate after SIP
than systems that are maintained under positive pressure after SIP.

SIP J&, URTHUERE S FAT T HAE, ZRARGAE SIP Ja B 3 U522 1E K H IR

* Lyophilizers contain moving parts that must be exposed to steam during SIP (e.g., the lyophilizer shelves, a
lyophilizer ram covered with a bellows or other device, and chamber isolation valve). If these moving parts
remain stationary during the SIP cycle, they should be in a position to allow surfaces that are in contact with
the lyophilizer chamber to be exposed to steam during SIP.

RS IR B EAE SIP W fE, AR Fe AR 28V h (VR T HLAI 2 5, B 17 URE AN He A ¥ 4 1Y)
WIE, % BEEIR) . WX TR SR AE SIP I3 P OREFIE 2, AR RN 25 W R = #fil, JF
TR .

* Lyophilizers are typically divided into a lyophilizer chamber and external condenser that must each be steamed
in place. The external condenser is normally defrosted before SIP can begin.
IR WL E 7 AP R TR AN B, #OX AN EL 0 R b AE LR A8V UK A « — RANABESR J7E SIP JT
R HTHEAT AR

* Lyophilizers require sterilizing grade vent filters to release vacuum at the end of the lyophilization cycle (and
at the end of the SIP cycle). While this does not differ from many other systems, sterilization of the vent filters
must be considered.

VRTHLTG 201 B 2 A8 UL DEASAE VR T I PA S5 RN (RN SIP 3R S5 AN VRO . AR IX AL R i3
HAAIR], AHLZ5% FE I8 I i 25 PR T B 17 e

* Other considerations, such as thermal stress on lyophilizer components (lyophilizers may operate from <-70<C
to >121<C ) and the handling of heat transfer fluids in the lyophilizer shelves and condenser are part of the
lyophilizer design and need to be considered during SIP cycle development.

SIP IR I o HoAh 5 B E A, EEndR T AL AR AR RN ) (R THL AT REAE< -70C HI> 121C %A T
BAE), TR TS AGUA AL R

7.5.108.5.10 Pre-SIP Phases for Lyophilizers

7.5.11 % FHL SIP HF B

Lyophilizers typically require several pre-SIP preparation phases before performing the actual SIP cycle. These
pre-SIP phases may include:

W, GRTHAERT EIER SIP AT 2 3 MERIT B X 34> SIP B B4
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Defrost Phase: The defrost phase removes residual ice from the condensers in preparation for cleaning and SIP.
The condenser coils are defrosted by heating them for a predetermined time and temperature. Steam may be
injected into the condenser to speed up the defrost process. The condenser should be thoroughly defrosted before
SIP.

R BUUK AR VR B 25 B T 2t ds N BR B IR UK, i v Al SIP M8 o A4 72 B a2 (135 EE IR ] P o £
fARVR o K2RV BEES P IR AR I FE . SIP R, ks AU E A R R o

Cleaning Phase: Cleaning the equipment prior to SIP ensures that soils are reduced to ac ceptable levels. Most
modern lyophilizers are cleaned by a CIP cycle, although some may be cleaned manually. Cleaning and cleaning
validation for lyophilizers is outside the scope of this document.

THEBCAE SIP ROV B, DL RTS G ae AR B T B2 BREE N o« RZHOARE T HLER 2R A CIP 13
K, HIL A KT ahiE b

AN SR IE T A P gk .

Pre-SIP Leak Test Phase: Sometimes a pre-sterilization leak test (vacuum or pressure hold test) is performed. This
test is performed to detect leaks that could compromise personnel or equipment safety before beginning the SIP
cycle. If avacuum hold test is used, the lyophilizer must be thoroughly dried before beginning the test, to prevent
“virtual leaks” caused by sublimation or evaporation of residual moisture.

SIP R it AR B BCA IS 34T K v VMRS 196 30 (B0 42 B 0 t) o 36 2 F SR AE SIP JE3ART, Pl
N RGBS B 22 4 T BT IRk B K 0 TH R B R SR B Rk A, SR AT 1 e, 76 D i 0 20
TRUER B8 2.

7.5.128.5.11 Typical SIP Phases for Lyophilizers
HTHL SIP [ ZH B

The typical phases for SIP of a lyophilizer include:
HRTHL SIP 1 2 B a4

Heat-up/Air displacement phase: Remove air from the lyophilizer using one or more vacuum pulses to evacuate

air to a predetermined level. The system is pressurized with steam to heat up the system following each vacuum
pulse. See Table 5.2-1 for a more detailed description of the air removal phase.

INAHET R B R EE A KRR THLA B3 SR 20, BRI B Ak B HUE K1
RGBS K, Z50m#G . HEEBCE RIS S LR 5.2-1,

Heat-up phase: Pressurize chamber with steam to bring chamber/condenser temperature to specified temperature.
INEE B FHZSRAEIER T2, AT VR 5578 Bkl B2 TR B e TR .

Exposure phase: Hold the chamber at the specified temperature for a predetermined amount of time.
T 78 B B R T S A TUE I 8] Y DR o i

Steam removal: Evacuate steam from the chamber/condenser.
B 28V OB U T S IV Bk s N I 28V B

Vacuum dry/cool-down phase: Remove excess moisture from the lyophilizer chamber and condenser. Chamber
drying is necessary to prevent residual moisture in the system during the Post-SIP test. The order of the vacuum
dry and cool-down differ by company (some choose to cool down after drying, since the heat facilitates drying).
Allow the chamber to cool down to ambient temperature. Shelves and condenser coils may be used to speed
cool-down after the chamber temperature falls below a safe temperature.
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PR TR HI Bl £ T S RSB S Ak . VT3 SUTHEBAD I SIP J5 HyBkierh 2 S0 4 5%
Bk S R 24 5 2 TR HD RIS AR I 2o T v 40, DR N BB A FIRAG) . T3
AHBER . ST SR MR 2R DL R, TR ST A

Post-SIP leak test phase: Perform a vacuum hold test to ensure the lyophilizer is integral before loading product
into the lyophilizer chamber.

SIP Jm it kA BT BUAE 7 il RN R T 3 i AT B 1l 36 LU DR R T-HL IR 1

7.5.138.5.12 \alidation Considerations for Steam in Place

FE L ZEICK T SR AIE )V = I

Many of the principles that apply to SIP of other systems and equipment apply to SIP of lyophilizers. Lyophilizers
used for aseptic processing require evaluation of a few special considerations during validation:

VR M T Al RGN B 1 SIP B SR B3 A TR AL E A T e Wl AR R AR Sk 75 v 7 2307
fiti — BB SE HOVE R I

. Definition of sterile boundaries —the design review for a lyophilizer needs to include a clear definition of
the sterile boundaries based on an assessment of risk to the product.
To 73 S ) 8 L —— R T AR BT SRR T A0 5 — AN T 7 ol B XU P A T 1 70 R 7 M 58 S

This is especially important when considering the SIP cycle for an external condenser. Because the condenser is
connected to the lyophilizer by a tube separated by a large piston or butterfly valve, some pharmaceutical
manufacturers consider the condenser to be outside the sterile boundary They then assign the separating line at the
isolation valve, much in the same way that the sterile boundary for a formulation vessel may be at the bottom
valve or steam trap. Other manufacturers include the condensing chamber within the sterile boundary.

75 SIP JEIHh, SNEVA RS R R B RO B 2 8 I — AR — AN R0 ZE sRIGOIR R TR 1 5
RTHUAHE, —L8HI 25 M E B YR RS v LLE T, FAMSLRTTE 70 4, [RIREAE SR R A 280
BB 7R . FAth) SR SRR T2 B A

It is important that the location of the sterile boundary be clearly defined in the user requirements and/or design
specification for the system. This definition should be accompanied by a risk assessment that evaluates factors
such as mass flow from the lyophilizer chamber to the condenser, and the effect of failures of vacuum pumps or
cooling systems on the sterility of the lyophilizer chamber.

T AR B AR EE, ARG T R ECR S B G A g S XA E SR XU 1A, 7
AT BB R A, ORI BE TG S8 M RS SR

Placement of temperature sensors: Some SIP cycles for lyophilizers may include raising and collapsing the
lyophilizer shelves, to ensure moving parts are adequately sterilized. In these cases, temperature sensors should be
carefully placed so that they are not damaged by or cause damage to the lyophilizer.

T AL AR E AL SE VR T-HLA SIP 130 vl Re AR 28 T HITHRE, AR OR AT Bl o8 4 K AEIXLEIR LT,
Tk AR SR I/ oo TR A B S 0 B SBER VR L

Placement of biological indicators: If a condenser is considered within the sterile boundary for an SIP cycle,
careful consideration should be given as to where and how biological indicators should be placed in the condenser.
This is especially important as the condenser, unlike the lyophilizer chamber, is not typically designed for easy
access. Addition of access ports to the condenser during construction of the condenser chamber may be
worthwhile if the condenser is considered within the sterile boundary. This is especially true for large condensers
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that may be several meters in length and diameter. The majority of the Bls should be placed on the shelves, in the
chamber, and in the chamber drain.

AR AR B 8 LA RN SIP I A ¥ Bkt o2 TG T 1, AT 40 2% 18 AR W0 7 77 S TECAE AR IR R DL R T8 AT
X O TR B U B KO SR TS AR, BBt AT EEATL AR . a0 SR 7 E O 2
#r, MAfERGE SRR EE R R, BN RS IEIE . TSP KR AR BOKR A B ds . ZHUEMR
IR FVER AL VR = B K E T b

Condensation on lyophilizer shelves and floor: Lyophilizer shelves are large flat surfaces with great thermal mass.
This means that condensate may accumulate on lyophilizer shelves, causing problems in sterilization validation.
Condensation of steam is, of course, part of the sterilization process, but excessive condensate pooling on shelves
and floor should be assessed during SIP cycle design and validation.

PRF AT FIHOBR RE S R TR TR AP, Bl KB . IX B R BEK T RE 2 REETE TR AR AL,
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