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1.0  Introduction
&
1.1 Purpose and Scope
H HATE

This Technical Report (TR) is intended to provide practical guidance on the implementation of a lifecycle
approach to pharmaceutical process validation (PV). It contains information that enables manufacturers to
implement globally-compliant PV programs consistent with the principles of recent lifecycle-based PV
guidance documents and current expectations for Pharmaceutical Quality Systems (1-4). In pharmaceutical
manufacturing, “process validation” is the collection and evaluation of data -from the process design stage
through commercial production that establishes scientific evidence that a process is capable of consistently
delivering quality product (3). The U.S. FDA and EMA consider PV a requirement in both general and
specific terms in current Good Manufacturing Practice (cGMP) guidelines and an essential element in the
assurance of drug quality (2,3,5).

A AR (Technical Report, TR) & 7E 925 T 2 961E (PV) A=y A W 712 i St 4 ik sz FH 46 7 .
EEEHE BRI KRB LERIERR T, 175 il )3 T A ar I T Z
IOUEFE T SO FIAT X 25 S R RS A — 8 (1-4). FEERZEFh, “ T Z50IE " 2P
TEBH B, I8 kA A= 507 S E B A Y, IR — A T2 RN Rt iR A
7 (3). EE FDA FERMZ I RIAE PV LEHIAT GMP F5 1 2R IA FI B AR S AE 4R 2 L 5%
PERIZ R B RIER L TR0 R (23,50,

The PV lifecycle concept links product and process development, the qualification of the commercial
manufacturing processes, and maintenance of the commercial production process in a coordinated effort
(3). When based on sound process understanding and used with quality risk management principles, the
lifecycle approach allows manufacturers to use continuous process verification (enhanced approach) in
addition to, or instead of, traditional PV (1,2,6).
TSR AR d A ARE S S 2R R A AR B AR [F) 55 00 R R A A P R R 4R
(3)o T R T 2 E A B o 5 XU BRI, AR A R T 25 fE AR e B A R S T2
WAESL, I IES T ZME GEsRr 720, B EE b BRE (1,26,

The information in this TR applies to the manufacturing processes for drug substances and drug products,
including:

FEAR TR PR T2 m e s AP R R B, -

* Pharmaceuticals, sterile and non-sterile
T AEHETC B 2540
* Biotechnological/biological products, including vaccines
VR 5, A
* Active Pharmaceutical Ingredients (APIs)
J5KLZ5 (APIs)
* Radiopharmaceuticals
TR 1254
* Veterinary drugs
B

AR AR MR, GMP BB AT # %10/ 14T T
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* Drug constituents of combination products (e.g., a combination drug and medical device)

HET S INZYIRy (an, BI5 5 25 My 20

This report is prepared for global use and applies to new and existing (i.e., legacy) commercial
manufacturing processes. Its scope does not include manufacturing processes for:
AR R A A A BRAE R AR B AT ) (RIS B D ml AR i R & o B VG AN B
AP A PSRRI T
* Medical devices
2 IT A b
* Dietary supplements
i b 78 71
* Medicated feed
231k
* Human tissues

NN

Although these product categories are outside the scope of this TR, its recommendations are based on
modern quality concepts, ICH Quality Guidelines, and recent regulatory authority guidance documents. As
such, it may be a useful reference in the development of PV lifecycle approaches for other product
categories. The validation of ancillary supporting operations used in pharmaceutical manufacturing
processes is not discussed in the report. Many PDA TRs already provide specific guidance for such
procedures; for example, cleaning, aseptic process simulation, moist heat sterilization and dry heat
sterilization (7-10).

JUE TR i R TR TR K9G, (EE R B E T I8 & B AR R/ICH o245 e AR i
(1 B MR G TS o DRI, & AT REAE A ™ i S0 ) L Z B0 Uk AR A A VR T R o2 A
225 R 2 P i R v R AR A A S AR IX MR B A 8. — 2% FDA BRI E &
SRR T LR ERAE IR I BAR TS VRS 0. 57 TERE I R BRI AT K TE (7-10).

1.2 Background
BR

The lifecycle concept includes all phases in the life of a product from initial development through
commercial production and product discontinuation (4,11). The use of a lifecycle approach to
pharmaceutical product quality is widely thought to facilitate innovation and continual improvement as
well as strengthen the link between pharmaceutical development and manufacturing (ICH Q10). The
lifecycle philosophy is fundamental in the ICH guidance documents for Pharmaceutical Development
(ICH Q8 (R2)), Quality Risk Management (ICH Q9) (12), Pharmaceutical Quality Systems (ICH Q10),
and Development and Manufacture of Drug Substances (ICH Q11). The principles they contain provide the
product lifecycle framework and quality system enablers that have been used in recent pharmaceutical
process validation guidance documents. A central concept in these documents is that PV is not a one-time
event, but rather, an activity that spans the product lifecycle, linking process development, validation of the
commercial manufacturing process, and its maintenance during routine commercial production.

A i IS A DGR AR TT R B Tl A = B2 7= AR AT I P A B B (4, 110, Az A JIAE 24 o
E R B R O RE AL BE QTR RR S i, AR R ZG T AR AR P Z AR &R (ICH Q10). 1E
ICH %t25#)7F & (ICH Q8(R2)). JRE X FE (ICHQ9) (12). #IZ5fi &k % (ICH Q10) Fz4 i

AR AR MR, GMP BB AT # %2 u/ k147
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FF AL (ICH QLU ,WHE 53, AT SR A SN . B N 3 B 0t P
JEJEPHE O 30 12 T 25004 S o P R SN A0 B R 8. S PR DT
RLERIERR WP, TR0, 2R T B RIINES), % T L2
Ko AR P R AT R LR A e R 5

The ICH Q8 (R2) guidance document for pharmaceutical development defines procedures for linking
product and process development planning to the final commercial process control strategy and quality
system. It describes an enhanced scientific and risk-based approach to product and process development
that emphasizes statistical analysis, formal experimental design, and the incorporation of knowledge
gained from similar products and processes. Manufacturing capabilities and the quality system must be
integrated into the process development plan to ensure effective and compliant commercial operations. The
functionality and limitations of commercial manufacturing equipment are a primary consideration in the
process design.

ICH Q8 (R2) X Z4WITT K fH 53U E ST 357 b RN 20T v Rl B 28 e 24 A e it A e A 42 1) 5
WA ST AR RIOFEFT . ER A IR AL A T R (07 vk 2 A P L 2T R, s g5
Hr IERSEES BRI MARAL™ AN T 20 FSREUAIRSE o AR~ BRI RIS B AR RSS2 L2 R iE
Kb 2, WORA R E TR AERAE R A . Mk A A 7= B R D RE AN J= BRI e T2t 5k
T PR ]

The ICH Quality Risk Management guidance document (ICH Q9) describes the use of a risk-based
approach to pharmaceutical development and manufacturing quality. These approaches identify and
prioritize those process parameters and product quality attributes with the greatest potential to affect
product quality. Specific guidance on the application of the ICH Q9 concepts can be found in PDA
Technical Report 54: Implementation of Quality Risk Management for Pharmaceutical and Biotechnology
Manufacturing Operations and PDA Technical Report 59: Utilization of Statistical Methods for Production
and Business Processes (13,14). The FDA process validation guidance document stresses a risk-based
approach to develop criteria and process performance indicators, and improve the design and execution of
other validation-related activities, such as developing confidence levels and sampling plans (3).

ICH J5t & XU B 0301 (ICH Q9) BUAR 1A FH 8 T+ XU 5 V248 3 24 i T R A A 7= e dxX
T3R5 RS L 7 it 5 A R A KT AERE A K L 2 S 8= i & @ 1% . B ICH Q9
AR B BT 4R S LT PDA SRR 54: S M B PE 2RI FER A 1R L B SE TR
PDA AR 7759 571 77 22 A AL R I A DR FE L 9 8/ (13,14 )0 FDA L Z IR 3 305 i
T EET R TT AT AR AE A T Z B R AR AN 9 7 B A AR IS IR IS S AT, IR EAS
KPR (3D

Both the FDA and EMA process validation guidance documents aim to integrate PV activities into the
pharmaceutical quality system. To achieve the goals outlined in ICH Q10, it is essential to integrate the
process design stage into the quality system. Throughout the development effort, product and process
development input and alignment from the Quality Unit are required to ensure compatibility with the
quality system. Key considerations in product and process design include the commercial control strategy
and use of modern quality risk management procedures. Quality and Regulatory organizational
components should be part of the cross-functional product team from the beginning of the process
validation study design. Their participation is essential to ensure that the study design is compatible with
the firm’s quality system, and that submissions will meet regulatory agency expectations.

AR AR MR, GMP BB AT # %3 U/ 14T
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5% [ FDA FIECH 2555 (EMAD T ZRAER S S HARZ B G T2 RIS sh 225 s iR R T
N TIEE]ICH 10 B (1 H i, & TR BRI EAR R 2L AT BRI
THRBTE R GGRANE, ER MM LRI BN BT R AR P 7 A L Z et et
8 R T 5 e A2 ) SRER NS FH IA A P B KU B P . N AR ST IT 4G, AN
W HGLRRTIN 2 RE AR T D RESE X i B BN . AT 2 5o i R FE B0 5 8 )RR SR A& M
I ATT RS, I ELARATTER S 15 R RE T 2 B R T 1RO IHIEE

The Quality Unit should provide appropriate oversight and approval of process validation studies required
under GMPs. Although not all process validation activities are performed under GMPs (for example, some
Stage 1 — Process Design studies) (4), it is wise to include the Quality and Regulatory representatives on
the cross-functional team. The degree and type of documentation required varies during the validation
lifecycle, but documentation is an important element of all stages of process validation. Documentation
requirements are greatest during the process qualification and verification stages. Studies during these
stages should conform to GMPs and be approved by the Quality Unit.

JoT R BN 2 3R I 2 1 AR AN AL HE GMP BRI L ZWAIERT 78 o S AR PTA [ L E I uETE3h 2
£ GMP HEZE AT (i, FEefrBr 1 TR (4), (HR2AEAS HRREH) BB A& i &
AZERES T AT AL IR o SO AR ) R 2 L AR 56 1 A= iy Ji J) v o 7 ARG Y, (EDR SRR T
WAEPTA M B — AN EE TR . LA UE 8] SO 75 SR 2 e K o 3 S0 ) (R B 9 B 224 3
GMP VR 21 J57 5581 (1) B 4tk

The Process Validation Master Plan (PVMP) should describe the rationale, overall validation strategy, and
list of specific studies. It should reside within the firm’s quality documentation system (15). A successful
validation program is one that is initiated early in the product lifecycle and is not completed until the
process or product reaches the end of that lifecycle. A comprehensive corporate policy that defines the
expectations and commitment to process validation lifecycle principles is the foundation of a successful
validation program. This policy should define the quality management philosophy, components of
validation, periodic review or requalification time frames, documentation requirements (including a
process validation master plan), validation protocols and reports, and responsibilities of key stakeholders
within the organization (16).

TZEIEETR (PVMP) R MFUAREA I, ) Sk g AR G . NS HET A
AR ARG (15). BRI UE RS R AL A dn A IR AT T 46 1, IR — BRI T E
B 7 A B AR A IR SR AT e — AT AR 2 ) BRI X T 26 A= i i TS ) £ 9T BB AN 45
NSERAERAE D Rl e 2 F) BSOS N R0 E e B SRR AL, e ke 7 B A A I )
JAW . SRR (A TZRAE T THRD . BT AR & M LN AR KRB BT (16D

This TR follows the principles and general recommendations presented in current regulatory process
validation guidance documents. Of particular note, is that the TR uses the traditional/nontraditional
(enhanced) process validation terminology employed by EMA (1). In this context, nontraditional or
enhanced process validation may use Continuous Process Verification as an alternative approach to
traditional PV. In the enhanced approach, manufacturing process performance is continuously monitored
and evaluated. It is a science and risk-based real-time approach to verify and demonstrate that a process
operates within specified parameters and consistently produces material that meets quality and process
performance requirements.

AR AR 5 3 5 R S U AN A S B 2 R R ) T2 E 18 S S0 b FRANE R, B8R
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ARG AR S R T ZRAEARERIETRRINZGER (EMA) (1. BT ER,
AR e B 5 ) T 20 IE P8 T 2 T Z I E otk gt TZWIE B A0 % fER iR ik,
BN MPPAG A T2 MR . KR — MR R AR T KU R SER 75, EIRRUEANIEY] T A E
IS BT TEERAE, FIHRREE R TR T EMERE EORIARL

The FDA three-stage process validation lifecycle nomenclature (Stage 1-Process Design, Stage 2— Process
Qualification, and Stage 3—Continued Process Verification) is used in this TR. Implementation of these
stages is discussed in detail in Sections 3-5. It should be noted that Continued Process Verification and
Continuous Process Verification are distinct terms and have different meanings. Continuous Process
Verification refers to validating manufacturing processes that utilize advanced manufacturing and
analytical technologies (e.g., PAT systems). FDA uses the term Continued Process Verification generally to
mean those activities which maintain the process in a state of control and encompasses all manufacturing
scenarios, i.e., traditional manufacturing, manufacturing employing advanced technologies of any kind or
any combination thereof.

AEARMEPEH FDA M= B LW aAlaaiE CGE—MBRLZ%, 3B MBI ZH
WS =B B2 L EH0IED o X LB B SEREAN T 7E 3-5 #EAT I8 P48 2L T Z g0 ur A :
TZEAERANFER LA ARE, AEAFRRE Lo BT 20 UERR & 50U R FH Se gt A = F o frBoR
FIAEFE T2, SRR HTHAR (PAT) R40). FDA HFIARIBRE: T 20 UEE R 4ire T2
FEVTERESHIES, BE A RAE 5, A MR BUE M R AUE T H & Se it BRI A .

These are defined in Section 2.0 and are also discussed later in this TR. Figure 1.2-1 shows the
relationship between the relevant ICH guidance documents and the FDA stage approach to process
validation across the product lifecycle.

XEETE 2.0 FHEAT 1€ SOFFERORIR & B JG 02547 T 3E. Rtk 1.2-1 KB TR ICH #3533
FEAN FDA 73 W B 7 2N 5 TA)ZE X 38 AN 77 it A i Ji] AT T 2R ) R &R

Figure 1.2-1 Applicability of ICH Q8 (R2) through Q11 Relative to the FDA Stage Approach to Process
Validation

# 1.2-1 ICH Q8(R2)iEiT Q11 #HX+F FDA BB Axt TEWAEFIIE F ik

Figure 1.2-1 Applicability of ICH Q8 (R2) through Q11 Relative to the FDA Stage Approach to Process Validation
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This TR is based on the experiences and knowledge of the Task Force on Process Validation: A Lifecycle
Approach. It represents a cross-section of industry professionals covering products within its scope (e.g.,
large and small molecules, and sterile and non-sterile products), and presents approaches to best practices
that are scientifically sound, good business practices, and designed to meet current regulatory expectations.
The document does not include isolated responses to individual inspection or review issues. These are most
often case-by-case requirements particular to specific organizational needs.

AFEARRE RIHET T WU /NA SIS FIR A dn i . BARER T IX A8k #8230 1y =
an (A, RAFRUVING - TTREAEHETRE w7 AR AT AR, IF A2 i s 1 sk By
FERPFEEEN) RIFMRESEERA R, I %t a2 U n g i E . S EFEN )
) FRLIAS A AN EE AR [R5 IX SR 0 T o 4 R S AR LR AP 7R oK

The intent of this TR is not to establish mandatory standards, but rather to be a single-source overview that
complements existing regulatory authority guidance documents. References throughout the document
provide greater detail on various topics. It is always advisable to consult with the appropriate regulatory
authorities for agreement on the strategies employed for product development and lifecycle management
strategies.

AR H BA R EbRE,  TRXS H 3R HU 96 S ST S — iR Ab 78 .
HEA AR 228 SCRRRT SR 32 R T B 2 4R o RIS WA 30 1 134738 24 a8 i 1 S s
T BT RO A, X B IR

Figure 1.2-2 illustrates the progression of typical process validation enablers or deliverables relative to
validation activities that are conducted throughout the product lifecycle. The figure represents stages and
validation studies as single “point in time” events. However, in practice, the exact timing of product
development activities or validation studies may vary with the specific product development strategy. For
example, the enablers for Stage 1 process validation activities will be much less extensive for a production
formulation change than for development of a new molecular entity. Thus, the figure presents an overall
sequence of activities and their approximate correlation to the stages of process validation.

R 1.2-2 Ui H R ) 2GR AT RIS A BRI A AR T RN A i I REAT IR R R BIER
PR I AN AE W FUAE Ay B — B 8] p "k o SRTMIEE SN, 7™ RS Bl B SR e Wt 7 1
T I 1) ) BE Bl & HL AR St B TF R SRS T A2 Ak o B, 6 A = e 77 () e AR 1R 40 SEAR I I R T
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Figure 1.2-2 Common Timing of Process Validation Enablers and Deliverables to Validation Stage

Activities

R 1.2-2 BUEHBOE 3h T ERAUEHEAT AISTAT H FURT [R]

Process Validation Stapes

Process Validation Enablers and Deliverables

Quality Target Product Profile {initial)
Duality Attributes Evaluation (initial}
Climical Procass Description

Clinical Production Master Batch Records
Refarance Standard(s)

IND APPLICATION

Quality Attributes Evaluation (updatad)
Quality Targat Product Profile (updatad)
Process Validation Master Plan

Process Parameter — Categorization

Process Parameter — Acceptable Ranges

Procass Equipment Qualification Protocols and Reports

Commercial Process Description

Dafined Process Control Sirategy

Rigk Assessmoent for Commercial Manufacturing
Commercial Production Master Batch Records
Process Performance Oualification

Protocols and Reports

Process Parformance Qualification Technical
Summaries for Filing / Inspaction
REGLLATORY LICENSE APPLICATION

Reviaw and Update:

fiisk Assessments

Process Monitoring Review / Peniodic Report

Completion of Lifetime Validation Studies

Product Lifecycle Validation Stage Activities

Eary Drug Substance Process Development
Initial Formulation and OF Process Development

Development of PAT and/ or Analytical
methodologies

Risk Assessment for Robustness Studies
Initiate Formal Stability Studies

Clinical Manufacturing

Dualify Manufacturing Equipment & Facility
Continued Assay and Process Development
Develop and Qualify Scaled — down Models
Process Characterization Studies — Clearance,
Robustness, and Other Qualification Studies
(Design Space Established, if applicable)
Assay Oualification / Validation

Assess Risk (Process + Equipment + Operation)
Implementation of Process Control Strategies
Manufacture PP Batches

PRE-APPROVAL INSPECTION

REGULATORY APPROVAL

Implement Continued Verification Program
Commercial Manufacturing & Distribution
Lifecycle Management within Quality System
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Tools used throughout the lifecycle (e.g., risk management, statistical analysis, Process Analytical
Technology [PAT], technology transfer, documentation, and knowledge management) are described in
Section 6.0. Examples of the lifecycle approach for a large and small molecule are described in Section
7.0.

A AR TR G, REERL Gt DR HER (PAT). HOREERS . SO
FNUURUE B FERT 6.0 BEATAUR . RI»-FFI/N 7374 FH AR iy R IR ) 49 5 I %95 7.0,
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2.0  Glossary of Terms
RiBER

Terminology usage may differ by company, at individual companies and some terms may be subject to
change over time. Those terms used in a validation program should be clearly defined, documented, and
well-understood. Terminology definitions that are widely recognized by the industry should be considered
when establishing internal definitions. These can be found in regulatory guidance documents. Definitions
of company-specific terminology should also be included in the validation documents to provide clarity
and context. This Technical Report uses the terms below, which are accompanied by their definitions,
synonyms, and references where applicable:

ARG RNE A A M5, RS PR 23 W) Bl e A BN AT e 3 2 i o I 8] RS T 2028 . e Y )
BRI H B ROARTE R 2 58 U A SCHE M 5 B . BN E U, B2 FERTE
SCERATNE N T Z 4% . REET] Be s EVERUMESR S0 PR I AR ISR ST H ) 8 F R E R TR
S8 SCH R MRS BRSO . BUN AR SR A AR A AATT R 5 S R SCIE At AL 5
275 3R -

Active Pharmaceutical Ingredient (AP1; Equivalent to Drug Substance for large molecules)

Any substance or mixture of substances intended to be used in the manufacture of a drug (medicinal)
product and that, when used in the production of drug, becomes an active ingredient of the drug product.
Such substances are intended to furnish pharmacological activity or other direct effect in the diagnosis,
cure, mitigation, treatment, or prevention of disease or to affect the structure and function of the body (17).
2YETER A (Active Pharmaceutical Ingredient, API; #H34T K- FHIZEWMER) -

S THIEZY) CGRD P2 RAEMT Y SRR &Y, BT A, SR 2 T
By e XL R SR A 2 S VE B U B S T YRIT . SRR IRYT B TR S R £ A
Es DR (17).

Active Pharmaceutical Ingredient (API) Starting Material

A raw material, intermediate, or an API that is used in the production of an API and that is incorporated as
a significant structural fragment into the structure of the APIl. An API Starting Material can be an article of
commerce, a material purchased from one or more suppliers under contract or commercial agreement, or
produced in-house. API Starting Materials normally have defined chemical properties and structures (17).
FERIZE (AP BIEER

R A a4 s 24 i Atk 1 o FH 3 SRR 24 A2 2 AR g B LA M B 25 5 B OB 2 5 K b s o BRRHZG 1Y
AR IR AT e — A R A i 8 R B Y BN — AN B AR R 7 A 0 SR Bl P A
API IR IR ME LT A2 ERERISE R (17).

Attributes

Critical Quality Attribute (CQA)

A physical, chemical, biological or microbiological property or characteristic that should be within an
appropriate limit, range, or distribution to ensure the desired product quality (11).

Rt

XEFRBME (Critical Quality Attribute, CQA)

WEL, . AEYECE APV REERIE R S AR S A IR EE . JEE AT, ORISR I 5
7= (1.
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Process Performance Attribute (Synonym- Process Performance Parameter)

An output variable or outcome that cannot be directly controlled, but is an indicator that the process
performed as expected (15).

TZHREME (FGE, SRRSO

ANRE B AR R R, (A R T E MR — MR (15D,

Quality Attribute

A molecular or product characteristic that is selected for its ability to indicate the quality of the product.
Collectively, the quality attributes define identity, purity, potency and stability of the product, and safety
with respect to adventitious agents. Specifications measure a selected subset of the quality attributes (18).
iy =1

G E R R, DA E AT TRENS o i R B T A v o FE[R] U R I S ErE L A
P RN RO AR SE PEAAR DGO RAR B RS (1) 22 Ao FnifE v] AT B ik i) — & i EJE . (18).

Attribute

A physical, chemical, or microbiological property or characteristic of an input or output material (19).
Rt

FNEG™ HE AR A B PR BE B AE (19D,

Continued Process Verification (CPV)

Assuring that during routine production the process remains in a state of control (3).
R TSR

PRAEAE S FUA P 1 R b R — AT PR (3D

Continuous Process Verification

An alternative approach to process validation in which manufacturing process performance is continuously
monitored and evaluated (11).

LM T Z500E

BESAE IR ATEAL AE TE MR R T2 RAE AR BRI (1),

Continuum of Criticality

As Used for Parameters

A non-discrete scale where parameters or attributes are evaluated relative to their impact on drug substance
and drug product quality (3).

REEPER)ESE

RTZ%

A B R U G L 1 2 R0 AR T 2 AN 24 il 5 B R (3D

As Used for Attributes

Following comprehensive assessments of scientific evidence and risk, quality attributes are ranked
according to the degree of criticality. The continuum, as opposed to binary classifications of Critical and
Non-Critical, is thought to “more accurately reflect complexity of structure-function relationships and the
reality that there is some uncertainty around attribute classification” (20).
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(20D,

Control Strategy

A planned set of controls, derived from current product and process understanding, which ensures process
performance and product quality. The controls can include parameters and attributes related to drug
substance and drug product materials and components, facility and equipment operating conditions,
in-process controls, finished product specifications, and the associated methods and frequency of
monitoring and control (4).

1 SR

KIET AT oA L2 — BRI S, R TR R . XS TR s
iR i JFRN A G SR SHOR B I AR & (IS AT 25 F . il REd il L 58 Ui ™ it A% 1
FHIR T B s s Fnds il A% (4).

Design Space

The multidimensional combination and interaction of input variables (e.g., material attributes) and process
parameters that have been demonstrated to provide assurance of quality. Working within the design space
is not considered a change. Movement out of the design space is considered to be a change, and would
normally initiate a regulatory post-approval change process. Design space is proposed by the applicant and
is subject to regulatory assessment and approval (11).

B

AR (It RHE R 12 4EA S AU EAE RV RIBIE ] T RSB fRMIER TE S48 XA
BHEE N TAEA VA RS . 8 XN HE BRI — 2 l, E TSV R R T

4'21‘0

Drug Product (DP)

The dosage form in the final immediate packaging intended for marketing (17).
Zjih (DP)

REHZEARATHHHEHR 1D,

Drug Substance (DS; Equivalent to Active Pharmaceutical Ingredient for small molecules)

The material which is subsequently formulated with excipients to produce the drug product. It can be
composed of the desired product, product-related substances, and product- and processrelated impurities. It
may also contain excipients including other components such as buffers (21).

Y (DS, AT HMEIERTHHI/MrT)

b8 Ja A RHZ R T A 2 B R T REHI BT RO R PR SCHR L  RAN T ZAE SRk B
WASEE A HANH > CnZgrbsmD AR (210,

Formal Experimental Design (Synonym-Design of Experiments)

A structured, organized method for determining the relationship between factors affecting a process and the
output of that process (11).

IERSER B (7] A -S25 B it)
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PRI 5E 520 T2 R 3R AN 2t 45 R 2 18] 50 R HIAEA PRI T (1.

Good Engineering Practice (GEP)

Those established engineering methods and standards that are applied throughout the lifecycle to deliver

appropriate and cost-effective solutions (22).

RiF LEME (GEP)

TS N7 T i ik i B AN A 5 A RS RO A R 7 SR R A A 2B i R BT O 8 1) TR D7 VA A A v
(22).

Intermediate (or In-Process Material)

A material produced during the steps of the processing of an API that undergo further molecular change or
purification before it becomes an API. Intermediates may or may not be isolated (17).

HEfE (B SRR~

—ANERHE RSO R RS Z B4 D 1 3t — B 0> TR AR ERAEAL R IR IR, SR R it o
A PR PLR R 7 B, Wy DURARZ B (17),

Lifecycle

All phases in the life of a product, from the initial development through marketing until the product’s
discontinuation (11).

A= dr A

M= B R B T B2 RS =R KA B (11).

Normal Operating Range (NOR)

A defined range, within (or equal to) the Proven Acceptable Range, specified in the manufacturing
instructions as the target and range at which a process parameter is controlled, while producing unit
operation material or final product meeting release criteria and CQAs (23).

IEHBEVERE (NOR)

E X AR, ERT VG, 2R R) T 22 E0E R A H bRfE =484, 0 T n]
VERPRRI B 2877 it it /& AT ARG T 2 8 1% (CQAs) (23D,

Parameters

Critical Process Parameter (CPP; Synonym - Critical Operational Parameter)

A process parameter whose variability has an impact on a critical quality attribute and therefore should be
monitored or controlled to ensure the process produces the desired quality (11).

24

KETZSH (CPP, [FSUA-RERIESED

LZZHNZ M B o B JB Ve A RE 0, PR 22 W 2 R ] T 2 2800 R0 LA 7 it ik 38 A8 22
e (1.

Key Process Parameter (KPP; Synonym -Key Operational Parameter)

An input process parameter that should be carefully controlled within a narrow range and is essential for
process performance. A key process parameter does not affect product quality attributes. If the acceptable
range is exceeded, it may affect the process (e.g. yield, duration) but not product quality (15).

BETZ23% (KPP, FXEA-EERESE)
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5= (15)

Non-Key Process Parameter (Non-KPP; Synonym — Non-key Operational Parameter)

An input parameter that has been demonstrated to be easily controlled or has a wide acceptable limit.
Non-key operational parameters may have an impact on quality or process performance if acceptable limits
are exceeded (15).

EBEETZSH (Non-KPP; [F X iHE-FEREBERIESHD)

NS CHAIE ] B bl s AR R 2 K IR . R AT R, ARG IR e S
o] Re o i BB L 2R e AR . (15)

Process Parameter (Synonym —Operational Parameter)

An input variable or condition of the manufacturing process that can be directly controlled in the process.
Typically, these parameters are physical or chemical (e.g. temperature, process time, column flow rate,
column wash volume, reagent concentration, or buffer pH) (15).

TZs% (FGF-%ESE)

AR L Z ] BRI A 7 L2%AM. W%, JESHRYBEESENFEN (o, #E. T
ZUNA] AR AR RARR L R R R pH D (15).

Platform Manufacturing

Development of a production strategy for a new drug starting from manufacturing processes similar to
those used to manufacture other drugs of the same type (the production for which there already exists
considerable experience) (6).

F e

— AT TT R, BT 2 RS DL RS2 SR ALL ) A 7 T 20T 4R B A 12 A4 = i R A 7= oAt
HRIRB 25 GXF AR CAFE THAZ AR (6).

Process Analytical Technology (PAT)

A system for designing, analyzing, and controlling manufacturing through timely measurements (i.e.,
during processing) of critical quality and performance attributes of raw and in-process materials and
processes with the goal of ensuring final product quality (11).

HREAHEAR (PAT)

vk gty JREIEN SR BT ERRE . R YEREE . IR RN D Z A S R i Ak
IR Skl Az, HERAREA MR ER —E RS (1.

Process Performance Qualification (PPQ)

The second element of the Process Qualification. It includes a combination of the actual facility, utilities,
equipment, and the trained personnel with the commercial manufacturing process, control procedures, and
components to produce commercial batches. A successful PPQ will confirm the process design and
demonstrate that the commercial manufacturing process performs as expected. Batches prepared are also
called Conformance batches or PPQ batches (3).

HIZTEAR ML L, GMP B 1 BRAT & %13 7/ 3147 )T
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TZkRERIN (PPQ)

TEHAREE A HRES . CaFEERR . TR B& . BAA A AR, SR 7
A PR AR A S 55 o — A BB PPQ AT LA E L Z ¥ vt Ak IR b A A2 7 L 2 4%
FUHAT Ao IX L] 2 A HE I I SRR e PPQ ki (3).

Process Qualification

Confirming that the manufacturing process, as designed, is capable of reproducible commercial
manufacturing (3).

TZ#HN

B IR BTk 2R T2, el T R AT R AR AR (3.

Process Robustness

Ability of a process to tolerate variability of materials and changes of the process and equipment without
negative impact on quality (11).

TEim%=t

—ANLE, ATRURZIFERIARAL . T2 I SO AN B i i A S D BE ) (11D

Process Validation

US FDA

The collection and evaluation of data from the process design stage to commercial production, which
establishes scientific evidence that a process is capable of consistently delivering quality products (3)..
TZRAE

XEAMRAREEEHER (USFDA)

WS AIPEAl N L Z Bt Bir BB i A A 7= s, AR s ) e BHE IR, IEWIEA T 2R R
BeRasE A AR L (3D

EMA

The documented evidence that the process, operated within established parameters, can perform effectively
and reproducibly to produce a medicinal product meeting its predetermined specifications and quality
attributes (2).

MMM EER (EMA)

SCAFIEBX AN E AR AL 78 12 20T B At e A R PR AT A AT 2 52 0 A 7= 6 A2 T o v R 5T e 1k
R (2).

Process Validation Master Plan (Synonym — Validation Master Plan)

A document that defines the process validation scope and rationale and that contains the list of process
validation studies to be performed (15).

TEWAEFER] (FSGA-EUE ETHRD

BT LEWUETEH . BEA B S 1 AT T ZRUERT TSR KIS (15).

Proven Acceptable Range (PAR)
A characterized range of a process parameter for which operation within this range, while keeping other
parameters constant, will result in producing a material meeting relevant quality criteria (11).

AlEEZVEE (PAR)
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LTESHHIRMTERE, EXNEENEME, REFEHMSHEATHRE T, BTRLAE = i S &
FRAEFIF R (1D

Quality

The suitability of either a drug substance or drug product for its intended use. This term includes such
attributes as the identity, strength and purity (24).

IJi3-o

2y 25 A B S S . XADREE S Bk, s TSR (24).

Quality by Design (QbD)

A systematic approach to development that begins with predefined objectives and emphasizes product and
process understanding and process control, based on sound science and quality risk management (11).
FREIET B (QbD)

RGMITRITIE, FETAERERBTE XS EE, AFUEHER BArr G, s, L2 7 s
Uit

Quality Target Product Profile (QTPP)

A prospective summary of the quality characteristics of a drug product that ideally will be achieved to
ensure the desired quality, taking into account safety and efficacy of the drug product (11).
HArr=mEE# (QTPP)

297 R B RIE TR 2, SRS LS A i Rk B ) T & L A A MEAN 2 T Ak (1)

Target Product Profile (TPP)

A format for a summary of a drug development program described in terms of labeling concepts to

facilitate communication regarding a particular drug development program (25).

HArr=migst (TPP)

T2 K IH B850 — Mg, 105 7RI AR d IR 2 ¢ T —NRe g 29T R I H 17838
(25).

Validation Master Plan

See Process Validation Master Plan.
BEE TR

T 2R FE 11K

Verification

A systematic approach to verify that manufacturing systems, acting alone or in combination, are fit for
intended use, have been properly installed, and are operating correctly. This is an umbrella term that
encompasses types of approaches to ensure the systems are fit for such as qualification, commissioning
and qualification, verification, system validation, or other (26).

WHE

MR R R SLH T ECE ZAE D) REE TR MO 23 MAE s 1T
R TTE . ZERANBFERIAE, BAEWMRERES TWHIN SN, 3IE. RERUESH
fib AR () 70 (26D
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Worst Case

A set of conditions encompassing upper and lower processing limits and circumstances, including those
within standard operating procedures, that pose the greatest chance of process or product failure (when
compared to ideal conditions). Such conditions do not necessarily induce product or process failure (8).

BEXMH

T ZPR PV E RN BRATIASE S B 15 DL — RS, SRR ERRE RS . 3 R 2™ i R
fiAHL 2 CHEEERESLECETN o IXRE R DR 2 51 S el T 2RI (8,

2.1 Acronyms

GEnE G
AT JE AP E1D'E
API Active Pharmaceutical Ingredient 2T 1 )
CMA Critical Material Attribute KV E T
CPP Critical Process Parameter KETZSH
CPV Continued Process Verification L T ZWE
CQA Critical Quality Attribute K& Bt
DoE Design of Experiments SEI W
DP Drug Product il 24
DS Drug Substance 2 i
FMEA Failure Mode Effects Analysis SRS M 53 Bt
HCP Host Cell Protein T 40
ICH International Conference Harmonization EH PR <
KPP Key Process Parameter KETZSH
NOR Normal Operating Range IEH B
PAR Proven Acceptable Range CL Ik B A] 45252 30 B
PAT Process Analytical Technology ARSI HER
PPQ Process Performance Qualification TEZMERERAIA
PTT Product Technical Team ks ZNZYN
PVMP Process Validation Master Plan TZ5UEFTHR
QbD Quality by Design R EVR T
QTPP Quality Target Product Profile H F5 7 i JoT S0
TPP Target Pruduct Profile bRy i R0
TT Technology Transfer AR
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3.0  Building and Capturing Process Knowledge (Stage 1 — Process Design)
TZERMESLAZRI CGE—2- L2’

This section focuses on approaches used during development to implement robust manufacturing processes.
It addresses the first Stage of process validation in which process and product knowledge are explored to
establish the control strategy. Risk assessment and management are used to focus the development effort.
Process and product knowledge evolve through the course of the pharmaceutical development program.
Designing a comprehensive and efficient program for a lifecycle approach to process validation compels
thoughtful planning very early in development. Early planning facilitates appropriate data gathering in
Stage 1, with the objective of enhancing the effectiveness and success of Stage 2 Commercial Process
Qualification. It also establishes a foundation for continued process verification in Stage 3.

A EARTIF RIS FT 7795 A BLR I 2 PR A2 72 2, B 7 L2 —rBh L2
P SRR T A LA ST A% ) SR o RS DAt R A B A5 FH LA b TR AR . 2R i A e
W ZGIRIE R TT RIB TG R A L ZE A ain i 7 ik vt — N RE 1 A IR 7 R 5iid
FEWPR AR R B . R T AERT B 1 WeBEte 8, i B 2 m b C A A AL
PERERL DI H bR, SR B 3 #7812k it v — AR

Sources of knowledge available prior to (and that may be used during) Stage 1 of the Process Validation
lifecycle, include:
TLZIAEAE A S I B 1 2 A (BLAC AT REAE R AR D AR AR IR LA

* Previous experience with similar processes (e.g., platform processes)
FKUUTZE BaraLZ) UELR,

* Product and process understanding (from clinical and pre-clinical activities)
PR AN Z AR O PRANIG R TS

* Analytical characterization
I AT R AE R A4

* Published literature
AT I SCHR 5

* Engineering studies/batches
AR FTHIE

* Clinical manufacturing
I R A7

* Process development and characterization studies
TR R 5 5

The following sections outline the Stage 1 outputs from a general lifecycle approach to Process Validation,
as depicted in Figure 3.0-1.
N FEATHLA T T2 A AU E R B 1 i, FEATE R 3.0-1 b
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Figura 3.0-1 Ovarall Sequanca of Process Validation Activities
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Implement Process Control Strategy

[FErR TR

Facilities, Utilities, and Equipment Qualification

+}_E ARG

Process Performance Quakfication

Stage 3 Continued Process Venfication

3.1 Deliverables from Stage 1 Process Validation

F—HrB T ZRAUERIA RN H s
The list below summarizes the information needed to transition from Stage 1 (Process Design) to Stage 2
(Performance Qualification) in the Process Validation Lifecycle. The sections in this section discuss these
deliverables in more detail and provide references for additional information.
TN R F MRS 1 AR L 2 A A e S B B CLERE) B R B CPERERRIN) R
TG E . ATTTEADE N BRI AN S EE R .

* Quality Target Product Profile (QTPP) — This is done at the initiation of Stage 1

I HAR RIS, GMP BGHIERAT ¥ %18 T/ 3L 147 )T
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H b5 7 i 5 SO0 (QTPP)- 26 — I BT 4R 3t 58 Y«

* Critical Quality Attributes (CQAs) with corresponding Criticality Risk Assessment and desired
confidence

SR TR e M Btk I S P XS P MR AR ) B A5 R S

* Manufacturing Process Design
A=A

* Process description showing process inputs, outputs, yields, in-process tests and controls, and process
parameters (set points and ranges) for each unit operation
TR G MRERT T ZMmA. Mt B, bl 5EH M T 228 (B
i) SR FRD

* Process solution formulas, raw materials, specifications
LEWWALTT AR S

* Batch Records and production data from laboratory or pilot scale production

HEAC SR [ S50 = B b il AR R 1 A 7 S

* Analytical Methods (for product, intermediates, and raw materials)

IIMTITIE CRLAE R AR IE] P AR LD

* Quality Risk Assessment
o AR Ak
* Initial risk-based categorization of parameters prior to process characterization
T EREALHT N S HOEAT R T R 4] 2 9328

* Criticality and Risk Assessments

SRR AN RS PPA
* Identification of Process Parameters with corresponding criticality and risk analysis
T R RS 73 A iRl L 225

* Process Characterization
TEZHREAL
* Process Characterization Plan and Protocols
T &R TR T 5
* Study Data Reports
W SRR 75 -

* Process Control Strategy
TR g
* Release Specifications
JEAT AR
* In-Process Controls and Limits
e T i 4 i 5 PR

* Process Parameter set points and ranges
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TZZHBUE mANEH;
* Routine Monitoring requirements (including in-process sampling and testing)
FVHY MR CRLA o 18] i BURE AT 3500 5
* Storage and time limitations for intermediates, process solutions, and process steps
HHRL P I VAR D R L 25 A R I T R P
* Raw Material/Component Specifications
T4 BH 3 FA%
* Design Space (if applicable)
Wt e (&

* Process Analytical Technology applications and algorithms (if PAT is used)
R MR R B AN CUn SR PAT)
* Product Characterization Testing Plan (i.e., tests not included in the product Release Test panel)
PRI T RIS BLAE P A TR 3 RS
* Manufacturing Technology — assessment of production equipment capability and compatibility with
process requirements (may be covered in Stage 2a)
AP EOR -5 T EERVPO AL P B e JJALE RIPE (AT BAAE 28 — B B 2a THdtdT)
Scale-up/Scale-down Approach (Evaluation/Qualification of Laboratory Models)
I ONE R E S ey BRIV
* Development Documentation
2y TR
Process Design Report
T2tk

* Process Validation Master Plan
TEAEF TR

3.2 Quality Target Product Profile (QTPP)

HArr=mEE# (QTPP)
The aim of pharmaceutical development is to design a quality product with a manufacturing process that
consistently delivers the intended performance of the drug product. Pharmaceutical development begins
with the establishment of pre-defined objectives. These are described in the Quality Tar-get Product Profile
(QTPP). The QTPP is defined at the initiation of Stage 1 and is referenced throughout the product
lifecycle.
ZiWITE R I H R B — M E G
E TS UM HFR . 75 B AR o
a2 A A B S 5 H .

RERE AR 25 1) 24 ot U R RE A s DR A 77 it o 20T U6 T 19
EMAL(QTPP) A ik . QTPP 46T 58 — I BT 4AFHFAEREA ™

The QTPP captures all relevant quality requirements for the drug product. Consequently, it is periodically
updated to incorporate any new data that may be generated during pharmaceutical development. However,
the QTPP should not depart from the core targets established in the drug product Target Product Profile
(TPP).

QTPP it [ El 2 AR M BT R BEK . T H., 3825 15 76 24 b T A R v AR 1R 3T ) s
{EJE, QTPP ANK {2 24 fs H A7 it BE L (TPP) BT SZ A% 0 H A
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Note: TPP is used as a tool that facilitates sponsor-regulator interactions and communication.
Consequently, the TPP contains such information as Drug Indications and Use; Dosage and Administration;
Dosage Forms and Strengths; Contraindications; Warnings and Precautions; Adverse Reactions; Drug
Interactions; Abuse and Dependence; and Overdose that are not covered under the

scope of this document (25).

B AE RN TER B AR iR (TPP) A B T FiE -8 2 A L5205 520 BRItk TPP A0 dE i i
ZiPpERE S AL RS A SR, s, BE SRR AR 29 EAEH.

M AL . A B A AE A SCTE N RIE

It addresses relevant characteristics that include:

ERAVART RV RN IE EP R R

* Intended use in the clinical setting (e.g., dosage form and strength, route of administration, delivery
systems, container and closure system).
R TIE AL (lan. FRIZ SR IRATTE. i R5. BHEEEMNRGD).

* Drug substance quality attributes appropriate to the drug product dosage form being developed (e.g.,
physical, chemical, and biological properties).
SRR E I ST IPRIIZ S Cnr B e, ARV .

* Drug product quality attributes appropriate for the intended marketed product (e.g., purity/impurities,
stability, sterility, physical, and chemical properties)
2y E B EH TR B (il aiRER . FRE e, TCETE. MERAIAG AT .

* Therapeutic moiety release or delivery, and attributes affecting pharmacokinetic characteristics (e.g.,
dissolution, aerodynamic performance) appropriate to the drug product.
TRITER > ORI A i, DL CE T2 i S R 25 A8 ) SR e R P (s . BBl iy
79,

* Excipient and component quality attributes, drug-excipient compatibility, and drug-container
compatibility that affect the process ability, stability, or biological effect of the drug product.
RIS B R L. 291-F R A . A Y)-Ras i att: o mi T2, e thaid
YA

The QTPP summarizes the quality attributes of the product that ensure safety and efficacy. It provides a
starting point for assessing the criticality of product quality attributes.

QTPP &4 1 Zjmit i s JE@ M, PRUEZ) S G 2 . QTPP Juy™ il it & 1t SG B 1t v Al it
TR A

3.3 Critical Quality Attributes
I ot 2 e

A Critical Quality Attribute (CQA) is a physical, chemical, biological, or microbiological property or
characteristic that should be within an appropriate limit, range, or distribution to ensure the desired product
quality. CQAs can be associated with drug substances, drug products, excipients, intermediates (in-process
materials), and container/closure components. At an early stage of process development, the information
available on product attributes may be limited. For this reason, the first set of CQAs may come from prior
knowledge obtained during early development and/or from similar products rather than from extensive
product characterization. The degree of criticality assigned to quality attributes is derived using risk-based
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tools and the potential impact of the attributes on safety and efficacy. Following comprehensive
assessments of scientific evidence and risk, quality attributes are ranked according to the degree of
criticality, which may be a continuum that more accurately reflects the complexity of structure-function
relationships and varying levels of uncertainty around attribute classification. Attributes not assigned as
CQAs should also be considered in the development of the process.

KEEiEJETE (CQAY ZfRTRIETUHZ TR ML 2. A7 B AE 1 o SR P A5 1)
PR VR AAIEE N . CQAs FTLASERIZG . B 4kl Hpimr= 5 ChaEM R R s
MRS K. ELETFR MR LR X dwVEA S E B . it &YIBCE KSR i 2R It
A RESR [ I R AN S SAL ™ it T AN K R it PR o o S P ) S B A PR SRl TR 22 T XU
(1 T B AR SRR 2 At 5 A E B TE R . TEX REFIFEE AR AT T 45 AW 2 e, fidE
REEVERE BEX BT B YRR, IXFE 7T A8 5 A SR 14 - D 8 5% 2R 1K 52 4 VA 1k 20 RN 8 PR PR AR 4K,
. 5 CQAs LRI BIEAE LZIF R PRI AEE.

CQAs are not synonymous with specifications. In addition, there is not necessarily a one-to-one
relationship between CQAs and specifications. Specifications are a list of tests, references to analytical
procedures, and appropriate acceptance criteria that are numerical limits, ranges, or other criteria for the
tests described. Several product attributes identified as CQAs may be detected by a single test method, and
therefore, built into a single test specification (e.g., API solubility, hardness, porosity are CQAs evaluated
using a single test: dissolution). Some CQAs may not be included in the specifications if they are very
well-controlled and consistently achieved within the process (e.g., viral clearance is not tested for every
batch), while some attributes not considered critical may be included in the specifications.

CQAs Stk AFE L. Fi4h, WMIRALER CQAs SHrEMME — XN, PR e
R — AN, NIRRT, ARG TR AR HE B IREE . Y A AR vtE . 4
N CQAs LA s @ MERT LI B — 5 dr,  [RIL, ) DUESL s —RgMlahrdte (Biltn: APL H)V
fRIE . BERE L FLBREE 2 AT DLR — ANV H BER VRN ) CQAS) . A7 S87E T2 Fe vh 45 By # il Al
F) CQAs FUINELEERRHEMAS b (B ERE R AR BT, T — LA SRR R Pt AT
RE il i FEFRTE RIS o

The identification of potential CQAs is an ongoing activity initiated early in product development. It
makes use of general knowledge about the product and its application, as well as available clinical and
non-clinical data. CQAs are subject to change in the early stages of product development, and thus require
a quality risk management approach that evolves as knowledge about the product and process is generated
(for discussion, see Section 6.1 “Application of Risk Management”). CQAs for commercial products
should be defined prior to initiation of Stage 2 activities.

T AE CQAS [MfE /& — NME T i TE R R RF SR IG5 & 7% 2R ™ i B H R RA S PR AR
I REHE 25— MR FE/ m TR VI, CQAs & %281, It LA 2451 & XU B 7 vE LUK e ™
AR AT L 2 AR CAOSBHE L 6.1 15 RUSHET BRI R ™) o M= i 1 DB o = M AR 58—
Bam s UR R Lo

3.4 Define the Manufacturing Process

5E XL TR
A manufacturing process is designed to consistently provide a product that will meet its required quality
attributes. As the process is being defined during development, a process description is a tool that is used
to assist in execution of risk assessments and in the development of the control strategy. The
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manufacturing process is described as a series of constituent unit operations in a process description, block
diagram, or process flow diagram that describes each unit operation. Each unit operation in the
manufacturing process should be depicted with a similar level of detail. The following information should
be included in the description of each:

)3 3 A VT BT DA S B 2 i i B e 1 7 e RO G AR R AT A R e Y,
FITEL, Rt gt A FH T 755 Bl IR T il ) St A2 1) SRS T A T B o il 7 i — R 51 ST
ik, T2k, TTHE. TZRERMREEA IR, Bl rEEAS 5 o0 B A A AR
TEARE AT IR . A L ZRMIA NS HE &

* Process requirements, including raw materials, scale, and order of operations
TEFTR, CHEEMEL BRI 2
* Set points and ranges for the process parameters
TZSHUBE RAEH ;
* Identification and quantity of all material flows (additions, wastes, product streams)
SEENGEBTAMENR (M. R P iE0):
* Testing, sampling, and in-process controls
Dy HURE AT F T 2 ]
* Hold times and hold conditions for product and additional solutions
77 ity AT B I VR DR R I 1) R DR 2 F 5
* Estimated step yields and durations
it P AR SR (A
* Sizing for equipment, including such items as chromatography columns and filtration units.
AR, AR ORI I T
* Specific identification (manufacturer, part number) for manufacturing (e.g., filters) and product
components(e.qg., vials, stoppers)
MR A ERS) AR A CInBEESR. %S HIRPR S e (nfliER . 245,
* Other information necessary to successfully reproduce the process
BRI Z P AU HAb AR B

A process diagram for a single unit operation is presented as an example in Figure 3.3-1 and a sample
description table is provided in Table 3.4-1. The evolution of process knowledge and understanding is
reflected in clinical batch records; these are an important source of information for defining the
manufacturing process in the process description. Data collected from clinical trial material manufacture
may be useful to determine process capabilities, set specifications, design PPQ protocols and acceptance
criteria, evaluate laboratory models, and transfer processes. Strategies and fundamentals of knowledge
management are discussed further in Section 6.5, Knowledge Management.

K 3.3-1 #iik | — M ERITHERAE L2, JFER 3.4-1 24t 7 AL 2w L. LZRIA
iR P R S BRAE I PRAAC SR T o XSS RAE L 2R b SCRIE AR 1) 25 BRI RIS
R S 1B T e A B T e AR RE ST BoEARdE. BTt PPQ T SRANAI S RE . TN S =
RERUFIRE R T2 AR R SR AR DR FE 56 6.5 5 SniRE B et — B 18

Process descriptions are documented in reports and may be incorporated into the Technology Transfer (TT)
Package for the product. The process may change during Stage 1 due to increases in material demand (i.e.,
process and analytical development, clinical needs), improved product understanding that leads to changes
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to CQAs, or improved process understanding that results in addition, elimination or adjustments of unit
operations. Documentation should capture these changes and the supporting justifications. This
information should be archived in the Knowledge Management System.

TE AR LR & R AU RE I T e A7 i BOR RS (TT) UM i AP RHESR RGN (T
SRR ImARTEE, H— B2 RSN, Wit~ 7S CQAs ik, TZMik
— B T BCR TR IR ECRRE  X EAR A N SCRFPE I U RSO SR R R IR EE
BRI E B R G

Development and documentation of the commercial manufacturing process in Development Reports
should precede formal process characterization studies. Increased knowledge gained during process
characterization may require additional changes to the process description. All changes to the process
should be approved through change control procedures as defined by the Quality System.

TERAR S i ML A R TF AR AR 2 5 T 1E sQ 2R AT 78 AR T 2 Al v SR A5 0
IR BE 2 EORIGIN T ZRA AT . T2 A 28 50 N 45 B R 40 e S AR SE A2 12 P R A 41t
1o

Figure 3.4-1 Example Process Diagram for a Tangential Flow Filtration Step
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Table 3.4-1 Example Process Parameter Table for a Tangential Flow Filtration Step
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Table 3.4-1 Example Process Parameter Table for a Tangential Flow Filtration Step
Process Variable

Proven
Acceptable

Attributes

Process Variable Rationale

Product or
Process Attribute

Parameter

Designation Expected Range

Range

General
Membrane Area 2m?
Molecular Wt Cut-Off 30 kDa
Membrane Polymer Polysulfone
Pre-Use Cleaning & Flushing
Cleaning Solution: Concentration 0.4 to 0.6 N NaOH Non-Key Low risk of product or process impact
Adequate recirculation is needed to insure
Recirculation rate 10 L/min 8 to 12 L/min Non-Key proper cleaning, but acceptable results are
achieved over a wide range.
Transmembrane Pressure (TMP) 10PSI 50 15 PSI Nonkey | -2 Tek of proddcton pricess pect aves
a wide range.
May impact cleaning effectiveness if far out
5 of range. Procedural controls in place such
Tomperature 30°C %10 35°C Non-Key that the risk of running outside the range is
unlikely.
5 5 Wide range. Directly controlled to prevent run-
Time 60 min 60 to 90 min Non-Key ring outsid of the validated
WFI Flush volume 20 Um? = 20 Um? Non-Key Wide range. Directly controlled.
Pre-Use Qualification
Integrity Test Pressure 15 PSIG 1518 PSIG Critical | If o5t Pressure s fncorrect, the fest resul
Water Flux TMP 10 PSIG 8- 12 PSIG Non-Key Water flux can be comected for actual pressure.
Wasir Fhix Tommporafiire 20°C 1810 22°C NonKey Water flux can be corrected for actual tem-
perature
Verification of filter integrity is crucial to en-
. Manufacturer’s . sure process effectiveness. Filter integrity
Filter Integrity Specificat Pass Critical St e R ot .oF e lfication,
but an input to processing the feed stream.
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JEtE

BRI e ERRTERE  FGE
At
[ AR
HENTE 30 kDa
JRE A i
TEHRTE R
BB WRE 04 % 0.6 NNaOH X7 ik T2 R R 1S
PN, . . . R IE HE T H B R 2 EER, (HiE
TR 10 L/min 8 £ 12 L/min S ST B
EIER(TMP) 10 PSI 5 % 15PS| ST e BT S RAE, SER
76 25 Y0 [ AT DA IS TR R . TEZRFE
e 30 °C 25 ®35°C e[ J 42 ) 48 49 8 Y BB S AT 1 KUR: A2 A
Tl RER
fi ] 60 min 60 % 90 min ESS ERT, B DA IR AT
WL s 20 L/m° > 20 L/m’ A VR, B,
e ATHA
SERMERA TR 7 15 PSIG 1518 PSIG St iﬁfﬁ WREAFER, WRAERT
KFTMP 10 PSIG 8—12 PSIG ST IKAFTLLBESHREHALE, .
K 20 °C 18 & 22°C JEREE TKRATLE SFRERREAE
T ERS SE RN ORIE L 2 A 25 et
TR N il 125 75 Ao v jijus o (. eI TEREMEN 2 TR AR, E
LRI T HERNAR T
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Process Variahle Attributes

Proven

Process Variable Parameter Rationale Product or

Set Point Acceptable Designation Process Atiribute

Range

Expected Range

System Priming

All process buffer specifications categorized
as critical even though procedural controls

o . e i are in place to prevent release of non-con-
Buffer conductivity & pH Solution Acceptance Criteria Critical Ring bilfers i procicane: Bt id

of the established ranges may impact product
quality during processing.

Unlikely to affect product or process. Directly
controllable.

Recirculation rate 8 L/min 4 t0 12 /min Non-Key Unikelvlazzﬁect product or process. Directly

Unlikely to affect product or process. Directly
controllable.
Unlikely to affect product or process. Directly
controllable.

Buffer volume 35L 25t050 L Non-Key

Transmembrane Pressure (TMP) 12 PSI 10 to 15 PSI Non-Key

Temperature 20°C 15t025°C Non-Key

Process — Initial Concentration Step
(total mass) may be critical due to relationship
with system volume constraints and ability to
reach DF and final concentration targets.

In some circumstances initial product con-
centrations and volumes (total mass) may
be critical — may be related to system vol-
Initial Product Volume 75L 50to 100 L Key ume constraints and ability to reach DF and
final concentration targets. In other situa-
tions, the initial volume may be Key (affect
process time and or yield).

Initial Product Total Mass 1225¢g 900to 1600 g Critical
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WE SE /T
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FH )
SR L S R FlpH T RS b I
WO R AR m R R &
SRR 35 L 25 & 50L e[ AATRERI R T 2. BEEmE.
PR 8 L/min 4%12 L/min E[35H AARERI- N T, BEEAE.
PR (TMP) 12 PSI 10%15 PSI SR AU M T E. BEEE.
VelEs 20 °C 15%25°C Jekby AARERIF R L. B,
WA ez d
N R GUARR 2 A5 BIDF 54K H AR
HIGa = b S 1225¢ 900%1600 g K RS2 AMIER, WA= ik EERARR (B
) MR R RN
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REAE K-S RGURR LR AEE]
FIUGT= b AR 75 L 504100 L BE DFS4KIE HbRMRE 2 MR RE K. 15
Ih—SeEBUT, VIR R EER (¢
M 0 e TR /B ) o
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Process Variable Attributes

Proven
Set Point Acceptable
Range

Process Variable Parameter Rationale Product or

Designation Process Attribute  LPected Range

Crossflow rate can impact flux; however,
only processing time is impacted unless
rate is excessively low (causing significant
membrane polarization of protein) Depends
on impact of TMP on flux. In many cases
this parameter can be categorized as “Key”.
Minor impact on flux unless operated ex-
cessively high or low (outside of PAR). At
low values TMP may have a significant im-
pact on flux.

Temperature 20°C 1510 25 °C Non-Key Minor impact on flux (approx 2% per degree)
Output of process conditions including TMP
recirculation rate, product concentration. May 20 to 30 LMH
be used to track batch-to-batch consistency
Output of the initial concentration stage /
Input to diafiltration.

Volume must be in range validated for proper
volume control within the system during DF
Product (Retentate) Volume 3HL 30to40L Critical and within equipment/tankage constraints for
total volume of DF buffer needed deliver re-
quired volumetric exchange during diafiltration.

Recirculation rate 8 L/min 6 to 10 L/min Key

Transmembrane Pressure (TMP) 12 PSI 10 to 15 PSI Key

Process Flux (average)

Product Concentration

30t0 40 gL

Process — Diafiftration Step (constant volume)

Diafiltration buffer directly impacts the for-
Solution Acceptance Criteria Critical mulation of the final bulk drug substance
and ultimately drug product.
Crossflow rate can impact flux; however,
. . - " processing time is impacted if rate is exces-
Recirculation rate 8 L/min 6 to 10 Umin Key Bk oo (o aiic. of PR i s
cant membrane polarization of protein.
Minor impact on flux unless operated ex-
Transmembrane Pressure (TMP) 12 PSI 10to 15 PSI Key cessively high or low. Operating outside of
PAR will impact process time.

Diafiltration Buffer pH and
Conductivity
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Process Variable

System Volume During
Diafiltration

Number of Diavolumes
Process Flux (average)

Retentate pH and Conductivity at
end of step

Process Variable

Proven
Acceptable

Range

35L 30to40L
1 7t010

Set Point

Chase Buffer pH and Conductivity
Recirculation rate
Transmembrane Pressure (TMP)
Temperature

Process — Final Concentration & Product Recovery

Per solution specification Critical
8 L/min 6 to 10 L/min Key
10 PSI 5to 15 PSI Key

20°C 15t0 25°C Non-Key

Attributes

Rationale Product or

Process Attribute Expoctad Range

Potential to under-diafilter if variability or un-
certainty in this parameter.

Extent of buffer exchange is dependent on
number of Diavolumes.

Output of process conditions including TMP

Process Perfor-

recirculation rate, product concentration. May : 25 to 30 LMH
be used to track batch-to-batch consistency | mence Atribute
Direct impact to product quality Cﬁ:i:ml.ﬂgw To Specification

Process Flux (average)

Chase Buffer Volume Determined by in-process measurement
Product Concentration after

Recovery & Chase

System Cleaning & Storage

Cleaning Solution 0.4 to 0.6 N NaOH Non-Key
Recirculation rate 10 L/min 8 t0 12 L/min Non-Key
Transmembrane Pressure (TMP) 10 PSI 5to 15 PSI Non-Key

Direct impact to product quality
More likely to significantly affect fiux at higher
product concentrations

Impacts flux

Minor effect on flux. Assume no effect on
product quality over fairly wide range.

Process Perfor-

mance Attribute 15 t0 20 LV

Procedural controls.
Must be in range to facilitate next process
step. If final step in drug substance manu-
facture, must be consistent with require-
ments for formulating drug product.

Critical Quality
Attribute

To Specification

Directly controllable and unlikely to affect
product or process

Adequate recirculation is needed to insure
proper cleaning, but range is wide.

No impact to cleaning effectiveness over a
wide range.
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Process Variable
Proven

Process Variable

Set Point Acceptable

Range

Temperature 30°C 25t035°C
Time 60 min 60 to 90 min
Storage Solution Normality 0.09 to 0.10 N NaOH

TI2R8

AL SEHR 7T
R

TR 30 °C 254535 °C
fisf ] 60 min 602290 min

FREm (EFRE) 0.09% 0.10 N NaOH

Non-Key

Non-Key

5N

oS-
BN

Rationale

May impact cleaning effectiveness if far out
of range. Procedural controls in place such
that the risk of running outside the range is
unlikely.

Wide range, directly controlled to prevent
running outside of the validated range.

Directly controllable. Unlikely to affect prod-
uct or process

AR RS R AT O B AN T BER -

B, AKATRER I BT E,

T BV T LRI DEACR o AR AR i

VAT, BB R e AT
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3.5 Analytical Methods

VAR IWIRES
Analyses of raw materials, in-process samples, drug substance, and drug product are important aspects of
the Control Strategy (Section 3.8) and process characterization studies. Analytical methods used for such
studies should be appropriate for their intended use, scientifically sound, reliable, and reproducible.
Strategies for qualification/ validation of the analytical methods used during development have been
published, and provide approaches for evaluating tests used at this stage of the lifecycle (27). Guidance on
expectations for the analytical methods is also outlined in the FDA Guidance on Process Validation (3).
Information on the analytical methods used during process characterization studies should be included in
the Process Characterization Plan, and documented in the study reports. Qualification of the methods
should also be documented. Since process characterization studies may be performed in development
laboratories, instruments must be adequately calibrated and maintained.
JERPRE, AR BROREZG L 24 R B TR R SR (553.8719) AL 2 SR ST 32 U I
MTXEG T HIRENZE N T HBUE Mg, Baras, wiath, Eiither. BT A
FE A FH 20 A TR BB E SN, RS2 AR AL dn L B B v - 7578 (27D RT-o0#
JiEVHE AR R EFDA T2 AR P A R IR (3). T MU 7t i 3 F I AT 5 245 BN A & e
TZHR AR, JRdRE R . JTEAR N IZIARAES, PRIy T2 B 58 v] ReAETT
RS EAT, AL IO 2 R HERIGE S

3.6 Risk Assessment and Parameter Criticality Designation

DRV P A1 S B B 1 E
Risk assessment plays an important role in the development of a commercial control strategy. Risk
assessments are performed by interdisciplinary teams at several points during stage 1 of the lifecycle, and
serve a number of purposes. (See Section 6.1 — Application of Risk Management) Risk assessment tools
provide a structured means for documenting data and rationale associated with the risk assessment outcome,
and becomes part of the documented process development history.
DRI PPl £ 7o b A o) S T R BT B o XU Al 2 72 A i o B 38 — B B J LA B el 2
FBHABASER R, 70 J8 T ANFE Hbr. (HEE6.17% XK BLAIR D KA THIR Bt 17— S5 L
J5 d s 5 KBS VPN B 45 FAR DB AL B, RO T2 R il sk i — 45

As shown in Figure 3.0-1, the initial identification of critical quality attributes is followed by a quality risk
assessment in stage 1. The initial quality risk assessment is a cause and effect type of analysis to identify
process input parameters where variability is likely to have the greatest impact to product quality or
process performance. This assessment is based primarily on prior knowledge or early development work,
and the outcome of this assessment provides the foundation for process characterization studies that follow.
WnEI3.0-1 7, FEER— Wi Bod i i & U PEA )8 U0 SR B B R Jm %k o 040 5T 2 KU, T Ay 2 TR 31 %o
77 TR T Z RS i K T EMASER B R B MG 7328 XAV EERE T OA M
WER IR TAE, RS RO MR T E MRt s fe dhatat .

Understanding the impact of process parameter variability and applying the appropriate controls is a
fundamental element in development of the commercial control strategy. ICH Q8 (R2) defines a Critical
Process Parameter (CPP) as, “one with variability that has an impact on a CQA, and therefore, should be
monitored or controlled to ensure that the process produces the desired quality (3).

TR L Z S HEA 150 R FH 24 PR 42 o) A2 1 SRS TR IR AR LR . ICH Q8 (R2)E Kt
TEZH (CPP) Jy: “XTCQAF MM T AL S 4, (A, NAZA M I sz i DL ORAIE 2 T 207 AL T
RFTE" (3).

Process parameters may be further categorized based on impact to the process. In certain circumstances,
process performance is controlled and monitored as an additional means of ensuring a consistent state of
control. Process parameters that have been shown experimentally to impact process performance may be
classified as key process parameters (KPP). KPPs may impact process performance attributes (such
antibody titer in cell culture processes or yield in downstream purification), but do not impact critical
product quality attributes (15). In some processes, identifying and appropriately controlling KPPs is useful
since process performance measures may be an important means of demonstrating intra-batch consistency.

WA CZRem, L2 gt — 02k, RSN, LZMEaerfam flli iR —
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NSRBI ORIEHPRES B PE — 2. W56 E s TEMERA I T ZS 8 Lkl
HETZZH (KPP). KPPsTT LA T ZVERE IR YE CAnTEAH M 5% F% 1 e o A7 A4 P52 s T il iAo
), HARE SO EEYE (15), ER%TZH, KPPsHRAIFE Y= a1, FAL
SPEREPAS AT R A A — BUEIE R ) — A B 2T B

Beyond the generally recognized definition of a critical process parameter from of ICH Q8 (R2),however,
process parameter designations are not standardized and approaches may vary. For this reason, definitions
for parameter designations must be clearly documented and understood within the organization. Definitions
should remain consistent throughout the process validation lifecycle.

SR, BR T\ il E ICH Q8 (R2) KIS T2 24, T Z2ZMmA A, Tk ieaf
AR T RXANEE, FEHLA NS H 4 B SO A0E ISR B AR . AR T 2R A
W 2 B 44 B N IREF — B

Figure 3.6-1 provides an example of a decision tree developed to guide the assignment of parameter
designations in conjunction with the quality risk assessments. The decision tree facilitates categorization of
process parameters as critical, key, or non-key (see definitions). Decision making tools can facilitate
common understanding among participants, and have the advantage increases consistency in the decision
making process as well as consistent documentation of rationales as part of the risk assessment process.
KI3.6-142 1 7 — DISERRG], DR SE S HENS MG TS i 4 . REMA DT T 2248
IrRRHE ., EEEAREE (WE 0. kg TR LRSS 5FHIEMILR, AR TR &R
AR —EE,  LRAR XU PG S R 0 A B 1 — SOID s SRS

The decision tree can be used for risk assessments both before and after the supporting data from process

characterizations studies are available.

TR AT L TR UE T T 2 REAIE 56 1 SRR ESCHE 10 J5 1) XU 17 A

*  Parameter or Attribute: Process variables can be outputs from one unit operation and inputs to another.
For a given unit operation, each variable is initially established as a parameter or an attribute on the
basis of direct controllability
SHEENE: T2 DU e AR RN 75— BIe N . 6 — MR E ISR IC R E,
MR & (0 B AT M) P Boe S H R M.

Yes — Directly controllable process input parameters can theoretically contribute to process variability.

re—EHL AN T ZMA SR EA BT T2 2.

No — Process outputs that are not directly controllable are attributes that are monitored and may be

indicative of process performance or product quality.

M — AR ERAEH] ) T 25 LR g M i s e, AR os L2 MEREs™ M= .

*  Process Parameters: Potential impact to critical quality attributes.
TEZZH: X RBE R RIS

Yes — If impact is suspected, or if data show that variability in a parameter could impact a CQA, the

parameter is designated as a CPP. Although a parameter may be initially classified as a CPP, data from

robustness studies conducted during process characterization may show that CQAs are not impacted

despite exaggerated variations in the parameter. In these cases, the second risk assessment serves to change

the assessment to non-CPP.

Fe— IR EES B AT CQAR REM, BN R EHE Bon il e Ao M, R E RN SHOy R T

228 (CPP).

No — Parameter is a non-CPP and is further evaluated

B—ZHOAE SR L2280 — BT .

*  Non-CPP: Potential to impact process performance or consistency if run outside of defined range.
XL ZSH: Wi E EEET, BIERH L 2R aiia g rt.

Yes — Parameter designated a KPP

e—ZHERE NEE T ZZH (KPP),

No — Parameter has little impact to the process over a wide range. Parameter is designated a non-KPP.

H—ERE G 2o T2 . S8 e NIFEE T Z 2% (non-KPP).
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Figure 3.6-1 Decision Tree for Designating Parameter Criticality
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3.7 Process Characterization
T 2FFHER R

Process characterization is a set of documented studies in which operational parameters are purposely
varied to determine their effect on product quality attributes and process performance. The approach uses
the knowledge and information from the risk assessments to determine a set of process characterization
studies to examine proposed ranges and interactions for process parameters. The resulting information is
used to define the PPQ ranges and acceptance criteria. It can also be used to set the final parameter ranges
and can be used to develop a Design Space if using an enhanced approach, i.e., incorporating advanced
analytical and/or manufacturing control technologies, to process development. Experiments can be
designed to examine proposed ranges and explore ones wider than those that will normally be used in
operation. An element of process characterization may include multivariate designed experiments to define
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process design space. While univariate approaches are appropriate for some variables to establish a proven
acceptable range (PAR), multivariate studies account for interactions between process parameters/material
attributes (1).

TR RR S — B SCRIE B R FT, 7R 1% 0 90 VR S 80 MO 5O AR 8 B A D6 i 2 1
AT ZMEREMIREM o 27 V248 FH oK B T RS PRAS 19 RS JE DA 8 — B T 2R PR T DU 3G H2 10
FIE A T 2SN E, SR NE B T#EPPQ (LZ2MEREMIIA) YU A ZAnIE,
AR T I E RASH R DL LR TR R — AN Can SR A — AN nas 77 an enhanced
approach) (g 4nELFE S 13k (1) 3 A (P A B AR P4l H R B T R . BBV TSR 56 UK B F U1 Y
DLERRE— B T IER ST B, TN — N ER a2 R Em RS2t O T
ZikEasiE), M BAAS B TV — e AR e AT — MIE SR TG R A E N, 2R RN TS
SR E TR A BAEH T U B R

Since Studies designed to characterize the process and setting acceptable ranges for process parameters are
usually performed at laboratory scale. The ability of laboratory-scale studies to predict process
performance is desirable. When a laboratory scale model is used in development, the adequacy of the
model should be verified and justified. When there are differences between actual and expected
performance, laboratory models and model predictions should be appropriately modified. In that the
conclusions drawn from the studies are applied directly to the commercial-scale process, qualification of
laboratory-scale models is essential. Qualification of the scaled- down models should confirm that they
perform in a manner that is representative of the full-scale process. This is shown by comparing operational
parameters and inputs and outputs, including product quality attributes.

M1 B AERHEAL T2y T 22 M B n] 45 32 3 T 700 6 2 5200 S MU AT, R S 6y =5 A
WERTN T 2R BRI BE IR A& Nl R, B— e S MBI B g N AEWE A iy, B
OO VE RS UE SEAS PRI o S LE SEBRATEE R M RE R A 22 e, SO S AR R RIS S0 B 1%
A AE, BRI AT 70 A 45 280 B 25 10 1 EL 1 I 81 e b RS T 25 S ey s A Y ()l A A AT 2
i/ H9) RS B A BEZAE SEEA TR VEREAR SERr A AR T2, Xl e BUs T S5 A
By, AP R R

Scaled-down models for chromatography steps for protein products can be qualified by performing
multiple runs with input parameters at set points and comparing the results to the full-scale unit operation.
Parameters evaluated should include those that affect process consistency, such as step yields, elution
profile, elution volume, and/or retention time. These should then be combined with those that represent
product quality, such as pool purity and levels of process-related and host cell-related impurities.

X F - E 0 i ) S R AT D BRI /) B A R A Y 8 e AE BB AU\ ST 2 s AT DA LR
55 BRI ) B TR TR 45 SRR PR RIS BB A AR IR e 52 T2 — 20k, 1 TP

Vel B Bl ARPURI B OR BE I TR, O 5 X 6 832 5 T8 LU AR 7™ i JoT B 18 A ] % 10 4 P R L 2 SR )
K LA 518 4RI DS 2% o 5 G R

Pilot-scale models of small molecules that are representative of the commercial manufacturing process may
be used for supportive PPQ data. In solid and liquid oral dosage forms, 10% of the commercial batch size
and/or 100,000 units have been considered a representative scale (1). Scale-up effects for certain processes,
such as mixing freely soluble substances, tablet compression, or liquid filling may be well-known. Batch
sizes at 10% of bulk size or run times of 100,000 dosage units provide a sufficient duration to determine a
degree of control and process characterization, while uncovering any preliminary major problems.
Full-scale confirmation/evaluation may be carried out when small-scale studies are used to support PPQ.
AR AL AE = T Z /Ny o i USRS Y AT e T SCRFPPQEE , 72 AR AR 4 1 JIRFI Y, Rl
HLE 1910%A1/2 100000517 B 4 7% e — MURMERUL. AT ZRTKRIIZBCR, R G 25k
Yoli. 257 4e . BORARRERS T BEAUIT A . 7E SR 10% 0 it B Bl iE 1T 100000775 5 A ) i H e £
AN ARSI ] LR SR R R FR RS AN T L, T A8 2 AT 1 32 B ) B 24 /NIRRT 55
T 3CHFPPQIN, S BRAUELH AV AG AT BERE AT

For scale-down studies, the raw materials, component attributes, equipment, and process parameters should
be comparable and indicative of the process intended for the commercial product.

T4/ IR TT, FEURE. AAFE e B UL T E S BN %02 BrT LU A RESR B U - il
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3.8 Product Characterization Testing Plan

PR R
Some product characteristics may not be tested as part of the routine release test panel. Examples of such
product characteristics include residual DNA levels for biotechnology products (when DNA clearance has
been established at a level that clearly exceeds safety requirements) or final product porosity for solid oral
dosage products (when dissolution testing is performed). In addition to release specifications, Stage 1
deliverables should include other tests on the DS, DP, or critical intermediates that are needed in order to
claim a comprehensive understanding of the product and process.
— R SRR AT AR O H R AT AR A ) — B T AN AT, S R T A A R
A I3 B DNAZK - (ZDNATE R 36 O 2 JENLAE — AN REIE I H1 22 4 R 17K ) sl [ 4 11 i il 7
AR i 2 AL CARPATE AR D, B 7T hRAE, By BT S A B BOR Bz A 36 Hee vt
DS. DPEl I 8 A [ AA B Dy 1 1 W 7t FH T 25 A A T PR

3.9 Control Strategy

P s
Establishing an effective and appropriate process control strategy is one of the most important outcomes of
pharmaceutical development in Stage 1. An appropriate control strategy is based on knowledge and
experience gained in Stage 1 and its effectiveness will dictate the extent to which a manufacturing process
remains in a state of control. As with the other aspects of stage, 1 discussed above, the development of an
effective process control strategy is an iterative process. It starts, early in development and evolves as
process and product knowledge increase. A robust control strategy encompasses all elements of individual
unit operations in the process. All product quality attributes and process parameters, regardless of whether
they are classified as critical, are included in a complete process control strategy which includes the
following elements:
JENL N RONIIE 24 1) T2 P SRS A2 B B b 25 Wit e die 27 L 22— o — MG 2 328 1) SR 2
T BAPHAF R A IRMEAL, BRI R RN T 2RFEZ PRSI . a0 EEHe Rk
B —A05H, — MR T EHEH S TR — NS (HRIGA LT, EIT Rt
K AL O AP S ARG . — AN B 52 4k A0 2 1 SRR 00 15 T2 S BT iR AR RO TR T
=, A RREEEN T 228, NMEElTREHIAE R, HR e — B T2
g, SERER) L ZHEH RIS B THIIeR:

Raw Material Controls

R

The ability to manage the quality of the inputs (raw materials and components) to assure a consistent
output is an essential aspect of a process control strategy. Inputs should be categorized based on their
potential risk for introducing variability or contaminants into the product and/or process. Product
variability may include changes to CQAs, whereas process variability may include inconsistencies in yield,
reaction Kinetics, filterability, or other non-product, quality-related effects. For many raw materials used in
the manufacturing process, selection of appropriate grades (based on purity, chemical and physical
characteristics, and/or microbial specifications, such as endotoxin) may be an adequate level of control. For
higher risk raw materials, understanding the contribution to product and process variability may be
essential to establishing specifications for those materials. Once the relationships are understood,
appropriate risk reduction steps can be made part of the control strategy (see Section 6.1.4).

BORAG 2 — 0% A A N CEDRAIZLAE) BT A 7002 L 2 SR e ANFT R, i AN N 1%
F T AT FI NGBS G B 7 R B VAR R T REAT 73 28 0 7 AR AL L FT B EL B CQAS )
B, RZTZEARNMERT R EFRREA T RNE) e g a e R S BT R . X
TAPTZR AR R, SEE S0 GET AR, AT BRRRIE . A0/ Ee i A o br e i
WEEERD ARG — D IE IR X T MR R, PR OO i A1 T 253 A MR A BORE B f
SREST IS LCYPRL BRI R AT, — ELIZOC R, & 22 10 XU s 407 A0 R R A FH e A 4 il S g
R4 (I6.1.475),
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In-Process and Release Specifications

W REREAT B e

In-process and product specifications may be related to product safety and efficacy or may assure product
consistency. Confirmed failure to meet a product specification (in-process or product) disqualifies material
from clinical or commercial use. Guidance on setting specifications is provided in ICH guidance
documents Q6a and Q6b.

REREFI= SR HE T B 5 77 i 2 A VERTE ROV SR ER] BEORAE o — B, AT &7 ibritE (i
PR D) BOE I PRECEDL AT YRS . 50 T B AR HE R 4R B AEICHHR B S FQBafQeb 1 fi2 fit .

In-Process Controls

pup eyl

In-Process Controls (IPCs) are inputs to the process and are checks performed during production to
monitor and, if appropriate, to adjust the process, and/or to ensure that the intermediates or product
conform to specifications or other defined quality criteria. it F24%Hil2 1T Z K% N LA IEEAE P2 i 2
PATRL A AR AR T2 (o@D, A/ Or o () R B8 i 75 S A B 0 e B bR

Performance Parameters

HRSH

Performance parameters (e.g., tablet/capsule disintegration; harvest or peak growth cell densities/ viability)
are process outputs that cannot be directly controlled but are indicators that the process has performed as
expected.

PEREZH (n: ARl REE A ORI El A K S I R 85 S ) = L2, AR EEE
il BT S Bk T2 4L T

Process Parameter Set Points and Ranges

TEZHRE AN ETEE

Knowledge of the effects of process parameter variability on the output of each Unit Operation and on the

final product evolves during Process Development and Process Characterization (Section 3.7). This
information, along with process equipment capability (Section 4.1), is used to establish parameter set
points and ranges (including ranges for alarms and deviations). It may also be used to assess the severity of
process deviations caused by parameter excursions. Parameter ranges may be designated as normal
operating ranges (NORs), or where proven by supportive data, as proven acceptable ranges (PARS).

L ZEZHOT AR R B TR B % R 55 287 i ) S B i URAE T 2R N L Z A A i R i
& (377, RERERTLZ®RARE A1) WHTELSHE SAEE (OREERIRT3)
BRYEED, W] T 1Pl 2088 U L 2R 2 10 7 BV . 400 BT e dia e N IR H ARV
(NORs), H¢4 SCRFEHEIE SN SRS AT 22 YU | (PARS).

Process Monitoring (Data Review, Sampling, Testing)

TE0E BEE. B JWED

Process monitoring includes measurement data (e.g., flow rates, temperatures, volumes, pH), inprocess
sampling plans, and appropriate analytical assays. Data collection and analysis begins in Stage 1 and are
integral parts of Stage 2, Process Performance Qualification. The data collection effort eventually evolves
into the continued process monitoring program described for Stage 3, Continued Process Verification (see
Section 5.0, “Continued Process Verification, Stage 3”).

T AN SR (FmiE., B AR pHD . W BRERET R PUAGE 7 Hrkscill . $icdfs
WA 73 T AEBT BT 36 LA S B B2 AN T s/ B 98 o B I AR A e 246 K R B B3 P ik F
ST ZRERER (5.0

Processing and Hold Times

I AR B e R

Hold conditions and times are an essential part of the process control strategy for all process intermediates
(or in-process materials), drug substance, bulk drug product, and prepared solutions. Studies should be
performed to support these limits. Time limits for processing steps should also be part of the control
strategy.

XA LAk (SO REYRL) . 29y JEBZH 7 it AR HE 25 AR LR PR B 2% R AT 8] 52 T
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Process Analytical Technology (PAT)

ERESHEAR (PAT

Process Analytical Technology (PAT) is one approach to implement the Control Strategy (28). Using PAT,
CQAs are monitored in real-time (using on-line or at-line analytics), and results are used to adjust CPPs
during production to decrease product variability (CQAS) or achieve consistent CQAs at desired ranges
with low variability.

HREHTEAR (PAT) ZPATERIEIE ) —T7i%, MIHIPAT, CQASH:SERf e (HIFEL M), 18
A AR e LS B T CPPs LA/ 77 i AR 4k (CQAS)  BIL15 31178 JH BB [l 4 78 A 1k /N ) 2 5
fFJICQAS. .

PAT uses product and process knowledge as well as equipment automation and analytical instrumentation
technologies. Successful application of PAT requires a thoroughly characterized process (Section 3.7) in
which the relationship between CPPs and CQAs is explored using mathematical models, such as
multivariate analysis. Application of this understanding to the Control Strategy (Section 3.9) also affects
the design and qualification of the instrumentation and control systems in the manufacturing process.
PATAE FH 7™ it A1 2 RR LA S e H S AL AN 73 BT AR , BT HIPAT BT K — MR AR AE AL T
2 QRTT), EZFHETZH, CPPsHICQASIH K A HIBUARRZR, WHIZ AR . X265
W ) LR £ S8 P 52 0 2 7 2 il RS RO RA

To support implementation of PAT, Stage 1 deliverables must describe the CQA monitoring scheme and the
algorithm for adjusting CPPs based on the process response. Qualification of the equipment, measurement
system, and process (Stage 2) must demonstrate the capability to adjust CPPs according to the established
algorithm and confirm that these adjustments result in acceptable and predictable outputs. Therefore,
PAT-based control methods need to be qualified (29).

NSCFEPATIHAT , B B LSS A b 2t iR CQA MR #2 THRIFN BE T T ZImi "L T CPPS I Sk . e TN
KRGV R TEHHIN (HrB2) 2k B 22 3¢ 8 57 1 da B2 ) B2 CPPs Y RE /) DA A\ 1% S8 1 48 3
B AR AT A A e o R, R T 5 V0 B PAT 7 ZEARf A

3.10 Clinical Manufacturing Experience — Batch Records and Production Data
It AR A= 77 G B - 10 s M A 7 B

During Stage 1, clinical batches are used in clinical trials to support product approval. The data may be
used along with formal process characterization data to support the establishment of manufacturing process
parameters and the process control strategy. These data also comprise the beginning of the process
monitoring that will continue after PPQ. Early-batch data may not include all controls implemented in the
final commercial process, but the information is still valuable for evaluating the process performance. If
used to support ranges and limits, clinical batch data should be included in the final process design report
that will justify the process and the control strategy. The final batch records should be generated at the end
of Stage 1. They will support the finalized commercial process and serve as a prelude to Stage 2.

FERTBLLERE T e PRI Tl PR B8 o DA S 7™ Wb b v, X ot vl e R 1 X ) T 2R it —
P T R4 TESHON T2 HI RIS R AL, XSRS PPQ K 4k 221 T 2 M
IR . FII LA AT e AR T A R A DL 23T 8], (EIXE XS T E MR
TR A UIR T SCRAE AR L, i PRI AR 2% A AR e & T2 S T HEM T Z
AZ A SRS o B 4RI FNAZAE R BUUGE AN 728, B TR SCRF R R R T 278 AP BT 5=

In some cases, it may be appropriate to use data from clinical batches to support the PPQ Stage 2. The
rationale for this approach should be documented and included in the Process Validation Master Plan.

FE—SEtFOLN, TSR A Tl AR BB SCREPPQIIT BL2 Pl BE A2 1& 241, IXANJVE B JE B ML iZ i o H
BFEAE L ZRUEE TR .
3.11 Process Design Report
T2t
The process design report is also a Stage 1 output. As a living document that describes in detail the
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intended commercial process, it may have various titles in internal procedures. Stage 1 study data are used
to support this document and to justify the ranges, and process control strategy. Additional data and process
knowledge are gained gathered as the manufacturing process changes, and are incorporated during Stages 2
and 3. The process design report, this document should be updated to include this new information. This
comprehensive document includes:

T2t AN B, (Ey— i VAR SO R R T 2R 88830, el REE N R
BRI E R T A FR . B BT FUROE A T SRR SO LR BV B AN T 4 SR 2R
T AN WS R A AT M A et A T Z AR ISR R SR AE B BN 3 2Bt 5 %A S B
PAALFERXAE B AW, XA m SR

*  Reference to CQAs and supporting risk assessments
2% CQASHI SR KU PFAk
*  Process flow diagrams
T2t
*  Process description tables
TZHRE
*  Inputs (in-process controls)
N G REEHD
*  Outputs (in-process tests and limits, in-process specifications)
W GEARMNAAIBREE, S REArdE)
*  Process parameters and ranges
T2ZHAEH;
*  Classification of parameters for risk of impact to CQAs and process performance
X CQASHI T ZE BE A S U ()2 % 702K
*  Design space, as appropriate
ek, AL LI E ;
* Justification and data supporting all parameter ranges (e.g., characterization data, development studies,
clinical manufacturing history)

SCREPITA ZHGEH S B A ESE (BN, RREEGE . JPRBTIT. AR P D;

3.12 Process Validation Master Plan
TR F T
A process validation master plan may be initiated during Stage 1 to prepare for Stage 2 activities. It should
outline the validation strategy and supporting rationale, and typically includes:
—ANLERAEE R AT RELE R B BIHE & B B 2GS B AL, & B2 2 BB B0 UE WS A1 SRR IR

*  Process characterization plan
TEHRHET R
*  Description of the manufacturing process and control strategy
AR 2RI 1] SRS ) 45
*  Functions and responsibilities
A5 DA
*  PQorPPQ plan:
PQAIPPQitHI:

PPQ strategy (e.g., single unit operations or a combination of unit operations, bracketing, family, or matrix
approaches) and a list of individual protocols; applicable ancillary studies, (e.g., mixing, media preparation,
inprocess pool hold time, resin lifetime)

PPQSENE (Bt A B et AF s R OTHRAE I & JF . bracketing. ZUPIAERIEFEIR) M F R, A&
PR B T8 B (B iR & B TR A A . I RE PSR 8] W) fi A= i e 1)

*  List of equipment and facilities to be used
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*  List of analytical methods and their status
SITINERIEATIRASTE 5

*  Sampling plan
WORE T 1%

*  List of protocols to be executed under the plan
FETHRI T R AT R B3R

*  Proposed timeline and schedule of deliverables
SR AR AR TR A A Al

*  Procedures for handling deviations and revisions
Ao P iy 22 AR AR 5

¢ Continued Process Verification plan
RS T 2HE TR 5

3.13 Stage 1 Manufacturing and Technology Considerations
BB 1 AR AR

The capability of the production equipment and procedures has a significant influence on the ability to
maintain process parameters within pre-set limits. The measurement and control capability of the process
equipment is one of the subjects of Stage 2, Process Qualification, and can be found in Section 4.1
Equipment qualification exercises should confirm the suitability of equipment for its intended use.

A2 7B R RE DRI P e T 22 8 PBCE BB HL R RE 07 SR BN, T 20 2% 0 8 R 425 1
BRI HZ —, TZHiN, A1 AN H. . BRGS0 A B 0 T i s e i

Compatibility of the process streams with the equipment and materials that they contact (e.g., polymeric
membranes, elastomers, disposable bags, and other plastic parts) is necessary to ensures product safety and
efficacy. Product contact materials as well as extractables and leachables need to be evaluated for
compatibility. This work should begin in Stage 1, may include studies that require long lead times, and
should be completed in conjunction with Stage 2.

T2k S B A AR AR (B R GE HRAL Sebt A E R ) AR 2 RE
PRAEP A Z R AE R P SR AR ). B F5 EPP M A TR A . XA TARESS —
BrBOTAS, ARERAE S R RT B R T, IF HNAZEE SR B R E .

Compatibility of the process streams with equipment surfaces is a measure of their reactivity, absorption,
and stability when in contact during manufacturing. Compatibility tests should demonstrate that the
material properties of the equipment surfaces are not altered by contact with the solutions or other
product-related materials. In addition, the contact materials should not alter the process solutions or
materials (either by adsorption of product components or excessive leaching that could adulterate the
product).

T 2RI -5 15 3R T 1A AR MR X 7R AR P B I A AT T SN RSO RS e PR T . AH IR
TN T UEMI B R AT EHA FUA 23 R i W B & A SRR 2 . 54k, ARkt As
1% U T2 R Rl IR B 7= it 21 70 B o B W LR T 42 VR )

Extractables are components of a material (e.g., a product contact surface that is used in drug manufacture
or storage) that are recovered by use of an exaggerated force (solvent, time, temperature). Leachables are
contact material components from process equipment or storage containers that migrate into the product
under normal conditions of use.

REIUFRE — PR RSE 73 51 0 P 3 28 il A B 47 )7 e ik R D » e Aok FH — s K 4077
Al WA R AR IR MRK B TR A B A & AR Ry, AR IR 3 A
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The identity and quantity of leachables from polymeric wetted components (plastic storage containers,
filters, primary packaging materials, gaskets and O-rings) used in drug manufacture, storage, and
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packaging must be documented to assure that the product is not adulterated. A combination of literature
reviews, risk assessments, and laboratory studies can be used to address leachables. Various approaches to
determine the extent of testing and identification of leachable species, and the setting of acceptable levels,
have been published.
KETHTZA A, 7. BRERGEaNAY BRI M. I8, NaZME. B, 0
TERED B3R A A 2 A AR 2008 ST A 51 B DAL ORAIE ™ it A 38 N T . 455 SCHREE )
RIS PPl A1 S 56 S A TR U IR P & e M R R FE AR DA 2R S 30 . A P32 7K
R RE I 7 42 A
» “Safety Thresholds and Best Practices for Extractables and Leachables in Orally Inhaled and Nasal
Drug Products™ (30)
* “Evaluation of Extractables from Product-Contact Surfaces™ (31)
o “Application of Quality by Design (QbD) Principles to Extractables/Leachables Assessment:
Establishing a Design Space for
Terminally Sterilized Aqueous Drug Products Stored in a Plastic Packaging System” (32)
* ““Leachables Evaluation for Bulk Drug Substances™ (33)

“LTIRMRAFIELIGE 25 Y HIZE R FR YT % o (T RAFSEE ™ (30

“PE A A TETHI R HI EFO (31)

“IESTIQOD XS BRI 2 LI FF I HI S I D9 1 A £ 2B ] e R R AR B HR R 25 )L i i 2
/7”7 (32)

“REIZGHIR LRI (33)
4.0  Process Qualification (Stage 2)

TN (EZHBD

Process Qualification (PQ) during Stage 2 demonstrates that the process works as intended and yields
reproducible commercial product. It should be completed before release of commercial product lots, and
covers the following elements:

5P B L2V TR L 2Rt B Rt AT, ml A se EIL, RIS E. T2 %
FE A P ERTBAT BT, BLHE L R R

1. Design and qualification of the facility, equipment, and utilities (this should be completed prior to
qualification of the process)
Wit W& A LRERG BN (FRAE LA A

2. Process Performance Qualification (PPQ), which demonstrates control of variability and the ability to
produce product that meets predetermined quality attributes.
TZMERemN TRy TR T2 A B AT 428 LR A 7 B A5 5 T0UE ot 1 Ja 1k B 7 ot )

&b
He o

4.1 Strategies for System Design and Qualification

R GEBRTHFI A K SR
Facilities, equipment, utilities, and instruments (collectively referred to as systems) used in the
manufacturing process should be suitable and capable for their intended process use, and their performance
during the operation should be reliable. Systems that affect product quality should be qualified to re-duce
the equipment performance as a process variable. The review and qualification of these systems should be
performed according to a pre-defined project plan. System qualification should precede Stage 2 PPQ
activities. Qualification studies should be completed, reviewed, and approved, with all deviations
addressed, prior to the start of PPQ studies.
AR TG, B& . AHLEAGEE (@RS MIZRGER, HHFEIEm L
REJVEEKR, AR RGHITERETR AT EE . X T 5mA ™ i B ) RGBT RN, DR a5 1
PEREDT ) L2285 RGMIHIAFIEIRSARSE TR RIAT . 7258 —Hr BEPPQIAT 2 AT R4t
BN, FEPPQIFUS Z HIAIAT 5E B, IR 2 dtb e, 2z HA =K.

The following section provides considerations for preparation and performance of system qualification.
More information on approaches to planning and performing system qualification may be found in several
sources (26,34,35). Figure 4.1-1 presents a typical sequence of activities that support the system
qualification effort.
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Figure 4.1-1 Typical System Qualification Sequence
Kl4.1-1 IUE RGN

Transfer process design requirements and CFP
information from Stage 1 Process Design

Y

Perform design qualification/review to confirm system
design is aligned with process requirements

Y

Perform factory acceptance testing and site acceptance
testing to confirm system meets design specification

Y

Perform Engineering and Commissioning Studies to
Confirm systems are in reliable working order

¥

Evaluate information cbtained during commissioning to
determine what can be levraged during qualification

Y

Perform system qualification studies to ensure that
systems are capable of meeting process requirements

Y

Evaluate qualification results and release system for
Process Performance Qualification
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Perform systam risk

or impact assassmant

to determing which systoms
and systam componants are
criical to product quality
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4.1.1 Engineering and Design

TENMBT
Facility, equipment, and utilities should be designed to meet process requirements. The design of the
facility and commissioning of the equipment and utilities should assure the capability of operating as
required for routine manufacturing. These activities and all commissioning-related tasks should be
conducted according to Good Engineering Practices (GEP), and recorded according to Good
Documentation Practices (GDP), with oversight by the Quality Unit. Risk-based approaches may be used
to assure adequate controls and verification.
Wit Wk A LEREOHTE LZER, Bt B il TR N R &
WA PHIBATRE ) o IRAR SRS IEGEPAT, RIEGDPIC R EE, I HFEMITHE . AL
A FH AU P ) 7 12 R ORI A2 8 ) 328 11 AR I

System design should be based on process parameters, control strategies, and performance requirements
developed or identified during Stage 1 Process Design. This information is transferred to those designing
engineering requirements for facility and manufacturing systems. Design qualification involves a review of
the system design to assure that it is aligned with process control strategy and performance requirements.
ARGV T TZSH, AR APEREER, Xl E BB L 2B L. XEER
A DU 257 & TR O TP SO AN A 77 RGBSR BIAT . DQF X R WIHHHT# #%, BREATFE T2
ol S AN T2 MR ER

In situations where the process is being transferred to an established facility with qualified equipment, a
risk assessment should be performed to identify any equipment control gaps. These can be addressed
through equipment modifications (which may require requalification) or through operational controls.
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4.1.1.1 Risk Assessment

BURS DPA
Risk assessments determine which systems and system components have an impact on the establishment
and maintenance of process parameters and conditions that affect product quality. This information helps
develop system qualification plans, protocols, test functions, and acceptance criteria. The process steps and
systems that affect product quality, the mode of effects, and the correlation between system performance
and control of process variables should be understood. For more information on risk assessments, see
Section 6.1.
TE I RS PR A 5 TS ZR 490 S R G R e A T2 S B L 4R RO sl A R .
ARG R, TR R RGHA TR, 7%, WRThREMEhr it . FRATRIZ 25 787 B L
ZOBBR, RO TR SR AR A R G, RGMEREA T2 R M L A ORI . 582 50 T AU o
{5 B L= 196.1.

4.1.2 Installation

ZH
Upon completion, system testing and inspection should be used to verify that the systems have been
fabricated, constructed, and installed to engineering, and process specifications. The information from this
verification should be accurate, reliable, and useful. If so, then information from these activities may be
leveraged or used to support qualification testing.
MBS PPl e s, i REMAS WA RS O te 8 TR T2 RPsMEET 7T, $lisfe
o RGN PR RIS SO HERIR, ATEEROAE IR, anSRRIXRE, X Ee(E BT A
KSR A B

The start-up and commissioning of these systems should confirm that they are in good working order and
operate as designed. Engineering studies can provide confidence that the systems will perform under
process conditions. Adjustments to the systems to achieve the specified level of performance and operation
may be needed. Information on modifications or adjustments should be documented and transferred to the
team preparing the qualification plans and protocols.

RGBS AN ORI AR L I TAE AR IR B8 4T . TR, A RGE L 2%
THATHRAEE R B N TIERIHUE RITEREER, RGHIHBNZITICRFEMN . &I
FT7 ZE 10 [ A 75 038 R GE 70 SR, I AR o R A N A S

4.1.3 Qualification Plan

VN B
The qualification plan may be developed at any time once the process requirements and correlation to
process systems are understood. Early development of the qualification plans may provide valuable
guidance to the design, installation, and commissioning efforts. However, to capture any changes that result
from start-up and commissioning, it may be prudent to complete the qualification plans and protocols after
all information from the commissioning has been transferred. This approach also enables a better
understanding of the type and amount of information that can be leveraged from pre-qualification activities.
This approach means that Stage 2 activities may be underway during and prior to completion of all Stage 1
activities.
RERNERG T LR T Z RGN RPN, REFINTTRITF RSB 7T LR #ilh k&R
WK R TT R NAFEAMER TR R, XLRE A LR 3 RGN wot, 2. T 7RIS
NN R P AR AR, AWCERFIRRPTRITEER G, HEZEBEATHRITT Sk R
o [, XFEMAEREAF T ARG BRI AECRE, X5 R S AEFIART G . Xk
H, AR BOWREGE 2T, BB EfIEAEITE T .
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Table 4.1.3-1 presents examples of some of the information that can be used to help develop test functions

and acceptance criteria.

Fhg4.1.3-1 28 m] DAF B A il BE AN bR HE ) 15 S5 28 451

Information{g B

Purpose H K]

Control Capability

Assessment for each controlled parameter indicating control bandwidths

=EIRE S under test conditions that are relevant to the process that is being qualified.
Analysis conducted in conjunction with process control requirements and
may impact process parameter designations.
Tl — R 28, RESHORIRY] 7 S8 A 8 T2 R B %
PR R RGBT 20 A C 25 R T e i i TS HERA.,
Capacity Range of operating capacities for each unit operation or step, demonstrating
EA consistency with proposed process.

XA HOTERE U B, AR IVEEEY] R RR A Bk,

Detection Capability
Kl ge /)

Assessment of monitoring instruments and sampling points showing
accuracy of instrument outputs and sampling limitations. (To be used in

performing Risk Assessment and establishing the monitoring strategy for the
process.)

0 5 5 AT EBURE s R PP 0 B 1 5 B OV AT SRR BR A CHOR
PAAT T2 DR DAl A4 7 M 00 SRS D

Alarms and Interlocks

BRI E

Check for consistency with process requirements and safety concerns.

PR A A T2 SR ANAR 5% 22 42 U5 T ) — Sdk

Process Stream/Product
Contact Material 7=

LR/ wh A kL

Listing of all contact materials for all equipment used to process products or
materials added to the product stream. Used for compatibility assessment
and leachables / extractables analyses.

XTI B, A A T A B = RS0 277 5 2 v Rk ¥ 1 4% vh
ELEEEA YR AR X EEYPRL R AT A A VR SO A b

Maintenance and
Calibration Programs

2t 3 ARS8 0 H

Documentation of required equipment service and calibration of all
instrumentation.

i BB R S5 I SO AN A ACR AR

4.1.3.1 Test Functions and Acceptance Criteria

oA Th B AR e
System qualification tests or studies should be based on knowledge gained from previous activities,
including Stage 1 Process Design, and engineering studies. Test functions should be based on good
scientific and engineering principles designed to demonstrate and assure that anticipated operating
parameters will be met throughout the manufacturing process in a consistent and predictable manner.
Acceptance criteria should be based on sound scientific rationale; the criteria should be useful, attainable,
and where appropriate, quantifiable.
RGN 78 N B TS R s s, AHE S — B B L2t DL TR T a7 .
INRE LT RAFAY, B TR, XTI RE R BTt B REIE BT AT CR TR R E S HAE R AR
PR AR A EORI AT SR . BeSOhRAE SRS TR A SR, bR A Y, AT SEERR,  dn AE H i
WESRE B

If sufficient process understanding is not available, or the scale-up effect is unknown, existing knowledge
may be used during design and commissioning to define user requirements.

WUR T ZAREANS, B RO AR A, B4, BT AIR R] A i AR AT DL R E X
URS.

Formal system operating and maintenance procedures or instructions should be in place prior to the
execution of test functions. Operators and those conducting studies should be trained in the operation of the
systems and conduct of the tests. These should be conducted under GMP conditions and documented
according to GDPs. All measuring and test instruments should be calibrated and traceable to appropriate
standards.

FEHATIRIIREZ /T, NAT IR R SR E A LEd R FF R B B 450 SGT AR G (A A
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Deviations in the execution of qualification testing should be documented, investigated, and addressed.
Conclusions should be based on the suitability and capability of the system to meet the
processrequirements. When necessary, systems may be modified and studies repeated.

PATHANRRS R P O m Z R0 S, TFEEMAHE. SN aREARSKHEHEMEIEE/REG LS
Bk, WAL, RGHASEAERT

4.1.4 Maintaining Systems in a State of Control
T EHRSHLEFRFT RS

Qualification studies ensure that the manufacturing systems, as designed and operated, are in a state of
control. For the process to remain valid and controlled, the systems must be maintained in a state similar to
that demonstrated during qualification.

BT R RAE P RGAE THERIRES . T TEMAERMNZSE, KA REE S HAIHEEFPIRES —
Y

Periodic assessment and evaluation of the system to determine its control status is important. The
assessment should include a review of information that indicates or supports assurance of control. This
information may include, but is not limited to, such items as:

SE W RGEHIVEAL SPPI R E RS AL T RS R ARH EE A VPSR ELAE X E 2 B,
XEFEAT:

* Calibration records
LAl

* Preventative and corrective maintenance records
TR A2 IE 1 43 R 7 10 5%

* Equipment logs
WAAIBATIC S

* Training records
Frillidsx

 Standard Operating Procedures
PR AR

* Change requests
AR R

* Work orders
TAEE4

* Monitoring results and trends
IS5 A

* Non-conformance reports and deviations
AN AR it AT T Rl 22

* Failure investigations
M A

* Re-qualification studies
PRI T

Periodic assessment of systems may lead to additional qualification-related activities or testing. In addition
to periodic assessment, event-driven assessments and re-qualifications may arise from process-related
changes, out-of-specification results and trends, and investigations. The System assessments and the events
that trigger event-driven assessments should be recorded in a formal procedure that also addresses the
mechanism for deciding when re-qualification is warranted, the criteria for doing so, and those responsible.
It is recommended that Subject matter experts and the quality unit should also be involved in these
decisions.
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4.2 Process Performance Qualification

TN
Process performance qualification marks the transition from development and clinical manufacturing to
routine commercial production. Process Performance Qualification (PPQ) demonstrates the validity of the
process design and the suitability of the process control strategy at the commercial manufacturing scale.
PPQ provides confidence that the systems of monitoring, control, and procedures in routine manufacturing
are capable of detecting and compensating for potential sources of process variability over the product
lifecycle.
T ETEREB AR EA 7= i TT A AN R A P e 4 B HUR Rk AR . T2k mN (PPQ) ERA 142
PR YA PR R T2 B RO T ] SR ol . R H AR, RGERGMEI A
A EURE L BE A R RS IE 7 b A TP i AE ) T 224k X8, PPQIRME ¥ —E I frb.

The number of “successful” batches executed during the PPQ study should not be viewed as the primary
objective of a PPQ campaign. While successful runs of commercial-scale batches can indicate overall
operational proficiency and sound process design, these batches should also be viewed as a means to obtain
information and data needed to demonstrate that the process control strategy is effective. The type and
amount of information should be based on understanding of the process, the impact of process variables on
product quality, and the process control strategy developed during Stage 1 Process Design. As appropriate,
other prior knowledge should be used as well. The number of batches needed to acquire this information
and data, may be based in part on a statistically sound sampling plan that supports the desired confidence
level. It may also be influenced by the approach selected to demonstrate that the batch-to-batch variability
of CQAs is acceptable.

EPPQIFFTH, VAT I BRI IR B R iZAE APPQI £ H . B AR ML BORHE BRI IZ T fk v 3L
A DA R RAGRA  AR R G RTh IE I e, AT DASCERAE B A, FSRIED] L2
P S AT R o S RS RAE BE N @ ST AR T2 R b, SO AE T 23 B it o B ) 5
Wi b, EESEAE S — W B 2B i R R T 2w g . RE M TE, O 8RR RZ A
H o R B SR SRIUE SN, i — & I IEIE I S5 (8484, CQAMKAR & Al LA
S, EANTERIE R S S R B

This section will discuss design strategy for the PPQ, recommended content for the protocol and report,
and the transition to Stage 3 of the process validation lifecycle.

AR FEATRDHEPPQRIFEHISENE, AT B E B AER, LA e i 20563k A= i JA 30 b B 28 =By
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421 PPQ Readiness

PPQUER
The transition from Stage 1 to Stage 2 of the process validation lifecycle is not strictly sequential.
Completion of some Stage 1 activities may overlap with those from Stage 2. Likewise, some preparative
Stage 2 activities will be initiated in parallel with those from later Stage 1 activities. Components of Stage
1 PPQ activities (as discussed in Section 3.1) include, among others: drafting of the Process Validation
Master Plan; initiation of the qualification of facilities, utilities, and equipment; drafting of protocols for
the PPQ studies; training of personnel; or drafting an initial CPV plan. Although initiation of PPQ activities
does not is not depend on completion of all Stage 1 activities, a readiness assessment should be conducted
to determine the timing of sufficient information and completion of activities to support moving forward
with PPQ batch manufacture. The readiness assessment should include deliverables from Stage 1 (as
outlined previously in Section 3.1) and other elements:
SuEAar R, BB BOL RIS T B, AR TR . FR O R AR T RE S R
IrBCTARRID e e [AIRE, #2028 BB TAR & 55— P BO e W TAE R E 3. PPQRIES —FY
B (RE.D) 4. EHETZEIEE R, Wl ~HTE, W&HEs), EHEPPQTE,
N B EICL SR B R W CPVIHRISE . RAEPPQATE 2258 — M Bt s a4 /T LUR 8l H 2 1%
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Quality Target Product Profile —Initiated in at the start of Stage 1, but updated to reflect knowledge
obtained from Stage 1 prior to initiating PPQ.

b it B MO - 26 — I B T AR © 22 Ja 3, (H R AE )8 ShPPQ B 7 R4 265 — B BORAS A SR BEAT
ST

Critical Quality Attributes with Criticality Assessment —CQAs are identified early in Stage 1. They are
confirmed to account for additional analytical characterization, clinical and/or non-clinical data and
information gathered during Stage 1. CPPs that impact CQAs are reviewed and updated based on
detectability and occurrence (11,36).

AR T A I S O HE DA -E 28— B B LI B, CQA LM 5E o AIE SEFICQAK AR A A1
BRI AR 5 s PR B A i P i A 26— B BOSCER BB B o i T TR SR AR A O E RS, B2 CQA
[ CPPS . 5 It H A% A1 B

Commercial Manufacturing Process Description —This is started in Stage 1 and updated to reflect the
finalized commercial process supported by Stage 1 studies/data. These include elements outlined in
Section 3.4, and any changes resulting from the qualification of the facilities, utilities, and equipment as
outlined in Section 4.1.

P AR 7 T ERR - A= T 2R —Fr Be QA TR 508, SRR ek 3 — B B 78 /8005 SRR
AR T2 XL EFE3 AT TP MER ) N A FI4. 15 7 Bit, WA A H TN ST,

Analytical Methods —Appropriately validated or suitably qualified methods should be identified and their
status documented. Methods for product release and stability should be fully validated according to ICH
requirements prior to initiating PPQ batch testing. Additional tests beyond normal release testing used to
support PPQ should be identified and suitably qualified/validated prior to being used to test PPQ batches.
The justification of the status for use in the PPQ studies (qualified and/or validated) should be fully
documented for each analytical method.

SIAT T RN 3 BT 7 1 R SR A, AR TIUEIRZS R AZ A IC 5 . IRIEICHIWEKR, 7EPPQItL
MR A, 7 it BT ARG E PRI O T VA N 78 70 BB iE . R 1 IR BT Ut 3 gl ik
TR T 3CHPPQIK, M I 77 R 75 AEPPQAL I 2 Y 36k . FEPPQRIBEFTH, B —Fh o4
THERAPRAS VAL (EHABEERIE) BT IR

Approved commercial batch records —Changes may be made to batch records during Stage 1 should
enhance, clarify, or optimize manufacturing instructions and/or to reflect knowledge gained during process
characterization. Batch records reflecting the final commercial process to be studied in PPQ should be
approved prior to PPQ batch execution.

HEAER R LA IC -5 — I B, s AR, 72T 2k E WA, IX AR BNz e, TR
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Process Design Report —This report (as described in Section 3.11) is the repository for the process
design justification, and includes parameter risk ranking, and ranges for the process that will undergo PPQ
study. The data summarized in this report will support the selection of the elements of the PPQ studies and
proposed PPQ acceptance criteria. The process development summary should provide the link between the
detailed process description, risk assessments, control strategy description, characterization reports,
rationale for parameter designations, and clinical manufacturing history. It is a best practice for this
information to be finalized prior to PPQ study design since it provides the scientific support to justify the
PPQ acceptance criteria.
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Process Validation Master Plan (PVMP) —Drafting of the process validation master should begin in
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Stage 1 and be finalized prior to PPQ study initiation. Elements of the Process Validation Master Plan are
outlined in Section 3.12.

TZHAEE R (PVMP)-L 250 AE - 1H RN AR5 — B gt AT 5 5L, fEPPQJR B AT e . L2 %MAIET:
THRIE K AIMEA W 773,12

Quality System and Training —Qualified and trained personnel will be integral to the PPQ studies.
Detailed, documented training specific to the PPQ is recommended for functional groups directly involved
in the execution of the study. To minimize the risk of human error, personnel should understand their role
in protocol execution to minimize the risk of human error. Quality Unit approval of PPQ activities should
be completed prior to PPQ study initiation, and all PPQ studies should be conducted within the quality
system.

Ji & R G ANER - 555 AN Z 55NN 51 & PPQE FT b BRIV . AH G BIIRREN B R AT 6 T
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Approved protocols for PPQ Studies —Protocols for each study should be approved and qualification
protocols is discussed in Section 4.4.

PPQ 7t J5 S Itk E-Ak— MR T 5 SR T, BA T RAE 44 AT

4.3 Design Strategy for Process Performance Qualification (PPQ)
TEHRFIN (PPQ) KBTS

4.3.1 Use of Prior Knowledge and Stage 1 Data to Support PPQ
28 BATR T BB BE R RFPPQ

In a lifecycle approach to process validation, sources of data and information outside of the PPQ batches
may be used to support a high degree of confidence in an ongoing state of process control. Prior knowledge
is that which has been gained from similar products and processes. It may come from experience with a
portfolio of similar molecules, where platform manufacturing strategies have been developed using
existing facilities and equipment (e.g., platform manufacturing processes for monoclonal antibodies), or
from similar process and unit operations. Leveraging the body of data from similar products and processes
may provide an additional level of confidence in the process control of a product and process that uses a
similar control strategy and unit operations.
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By contrast, first-in-class molecules and/or products manufactured in new facilities/equipment will not
have a similar depth of prior knowledge and data prior to development. In these instances, increased
emphasis on data gathering in Stage 1 may be applied to support PPQ readiness. To gather sufficient data to
demonstrate an acceptable level of confidence in the commercial manufacturing process when little prior
knowledge or Stage 1 data are available, the scope and extent of PPQ may be greater. The rationale and
scientific justification for the use of existing data (prior knowledge) to support the PPQ Stage should be
documented in the process validation master plan. All prior knowledge and Stage 1 data used in to support
PPQ must be retrievable, traceable, verified, and generated using good scientific practices.
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Figure 4.3.1-1 illustrates the relationship of the amount of knowledge to Stage 1 and 2 activities. Where
there is greater prior knowledge or process design for a new product or process, PPQ studies may be
decreased. Less prior knowledge will require more Stage 1 and/or PPQ data.
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Figure 4.3.1-1 Relationship of Prior Knowledge to the Amount of PPQ Data Required
#4.3.1-1 CARIRSERIPPQEUIE B X &

Comprehensive Prior Knowledge May Support Requiring Fewer PPQ Runs

Prior Knowledge Process Design PPO

Limited Prior Knowledge May Require More PPQ Runs

Prior

Knowledge Process Design FPO

Some examples of cases where prior knowledge may be useful to for PPQ include:

SR B8 HIRXTPPQA FH ) — L5451 74k «

» Setting of acceptance criteria in PPQ studies: For example, bioburden and endotoxin in-process
acceptance criteria in cases where facility history and limits for other processes can be applied to
similar processes that employ the same facility and equipment. (Assumes the limits for the previous
product are appropriate for the quality of the new product.)

PPQUFFt Al B S AR Ve sE = il t, AR Sams AP 23 3R T 4% T AR e (M 08, 45 HAth L2
B 2 ANt 73 52 PT A P A5 A (R VBt A0 B0 5 PRI AR AL ity o CABEVAC AT — 7 it PR R JBE 0T 877 it )
R R 4D

Use of data from other product PPQ supportive studies: For example, in platform purification
operations where same or similar buffer formulations will be used in the same vessels, buffer hold
studies already performed for a different product can be used to support the PPQ for buffers used for the
new product.

A T A ot FOPPQSC RFVERIE TE 8t . fldn, -1 & Ak AE o, A [ AR B 22 i e 5 K
TAHFEG AR X 55— AR B i CREAT B2 BB 78 AT AR T SRR 3877 i 14
SR MPPQIT 7L«

Using prior experience on similar processes: In non-sterile solid and liquid dosage manufacturing, such
as granulating and film coating solution preparations, or bulk solution mixing and filling, prior
experience with similar solutions or filling equipment may be applied to justify the number of PPQ
batches for those unit operations.Past knowledge of common excipients, such as fillers, binders,
disintegrants, lubricants, and preservatives in the formulation and process is also an important factor.

AR T Z B S AT RO 2256 A2 A0 T P 1 AR e AR i 00 A 7 o, 48] ar AR R A 38 Y )
o COVR A BERE, T DANL F AR ADLYA VSR 2 B0 X S I AR 2R B0 M A B U R UK e LT A
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(¥ PPQ MIHLXELH . o AR AR MR — D EERREER, FlanabI7 AT 2 r et
KA. AR AN R

Use of Stage 1 Data for PPQ
B 1HBEBHEAT PPQ

Processes and products for which there is little or no prior knowledge may require a greater emphasis on
Stage 1 and PPQ activities to demonstrate an acceptable level of confidence in the process control strategy.
Data from Stage 1 process characterization studies and clinical manufacturing are generally used to support
the establishment of the control strategy for new products, as discussed in Section 3.0. Stage 1 data may be
used to support PPQ if sufficient scientific evidence for its use is available. At a minimum, the studies
claimed to support PPQ should represent the commercial manufacturing scale (e.g., be scale independent)
or derived from qualified small-scale model(s) proven to represent the full-scale process. In some cases,
data from clinical manufacturing batches may be used in conjunction with that gathered during PPQ to
increase the amount of data that can be used to achieve an acceptable level of confidence in the process.
Some examples of the use of Stage 1 data to support the PPQ include (see Section 7.1 for details):

X TAUA WD B A O FIR I T 2R, nlRe 2R sR 5 1 B BUfl PPQ Y& 31Kk B T 245 )
RS B2 MBS WZE 3.0 FTATT i, @ T U EE 1 B L e R 7 Al R FAE i A
= BB SR SRR P b 2 ) SR B e o 56— B B 0 ERE v B SR S HE PPQ, WA A 78 /0 1
BEEAENE . 75 0308 PPQ HOBF FC 2 /b AR b AR P2 s (o dn, 2 RS STZ ) BE Rk B EIE
BRI T2 A BN/ NSRBI . AERECIE AL, AT DA A8 A I R F AR o 2 P i
Hims PPQ BRI AL R &R, CANGINA T 523 T2 T 52 M BAS A R BE i8R . A EE—F
B R SCRE PPQ I — L6 T4 CAOCHEAEE, WS 7.0:

* Large molecule example

KIrF ¥

* Past experiences in clinical, and stability, and pilot batch manufacturing. Process evaluation batches

help determine the amount of PPQ data. For example, in an oral solid dosage form of multiple strengths,
at least 8 Stage 1 batches with the same commercial formulation were from clinical supply
manufacturing, stability, pilot, process evaluation/design, and plant demonstration batches. The firm
had extensive experience with the components, equipment, and unit operations for the dosage form: wet
granulation, fluid-bed drying, milling, blending, compression, and film coating. These 8-plus batches
played instrumental roles in the justification of the number of PPQ batches.
AR Ao VA A i £ AL . TSIt B T e PPQEIE i E . B, £
FHAK B0 1 IR T A1) 771, 28 /084t AT A R AR T7 (0 26 1B BURI AL O SR B T Il AR B AE A2 L AE
PEL Al TEPAEBHAI L) SRR . AR AR T A B Az B IR E Rk
Ko WACKR TR B RS KA AR KFEEARK. X8+ IEMPPOIL A & Hi i 1 2
REEREM.

In some cases, Stage 1 data that supports PPQ may be supported in some cases by adding stricter testing
for a defined number of batches to confirm the results obtained in the Stage 1 studies and the PPQ batches.
For example, small-scale column lifetime studies may be used to support column reuse limits. These are
then confirmed with a heightened level of impurity monitoring until the reuse period has been reached at
full scale.

FERCLEAE DL, AT L E B g 0 5 9 A BRI K SRR T T SCRF PPQ IS 1 Bir B Hds K
UESEER 1 BBt 7 PPQ IR PRI R S5 R 9140, AT F /NS B AT 75 i T 90 R SR 55 A FH Y
BREE. WIAEZ it s og b RUESE, BRI E B AN ] A3 &

4.3.2 PPQ Study Design
PPQREF 5L BTt

Process Performance Qualification is a means to demonstrate that all important elements of a process unit

operation are under the appropriate degree of control, and that all important variables and elements of the
unit operation have been considered (facility, utilities, equipment, personnel, process, control procedures,
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and components). During PPQ, critical process parameters and critical quality attributes are monitored
along with process performance parameters. Their evaluation is useful in demonstrating consistency and
can enhance confidence in the overall process control strategy when included in the PPQ. All parameters
and attributes intended for ongoing Continued Process Verification in Stage 3 should be included in the
PPQ.

TENEREFI A ZIEN] — A L Z R E R I A B SR T & U R ZPEIRES LR © 5 8
TRITHRAER T EE AR R MR G, AMRE, Wk, AR, TR, EHRIREE, 440 1
—HMIT. £ PPQ WilE], Kt T ZSHMKEE I EJE IR T E MRS 8. EN8E
PR — Stk 2 JE A R, IF B HEAE PPQ WP, A DASE o SMA I T2 il S (50 T
AITE T2 3 Br BUF 2 T 2% L IS AR HR RN E] PPQ .

4.3.2.1 Number of Batches
i

The PPQ should be viewed as a means to evaluate and confirm a sound process design, an effective control
strategy, and operational proficiency at commercial scale. The number of batches in the PPQ study(ies) will
be influenced by many factors such as

PPQ RN AL g ML AR K P P FAIESE— A RAF T2 — A R 1 SR A A A kA
JER —MT7%. PPQ WHALRIMBUZ B2 R R 5Em, 40

* the performance and acceptance criteria,
M BRI Wb v

* the analyses to be performed and the type and amount of data necessary to perform those analyses.
FITEETT R IR 70 A CA ST FR 3 2590 o e 222 (R 508 A SR T AN i

* the level of process knowledge and understanding gained from Stage 1,
M BT BR AR B L 2 AR AN L Z AR 7K

* the type and complexity of manufacturing technology employed in the various unit operations,
FEANTR] B TT A o BT L B0 A P BRI SR BN 2 bk

* knowledge from previous experience with similar well controlled processes
MIEHTHIAABATE 73 3P ) T 2 22 56 TP RAS O AT

* the inherent/known variability of the process resulting from raw materials, age of the equipment,
operator experience,

HERDRE . B SRR AN ERAE N SRR 6 3 B0 N AE B/ C R0 B T 2 ARk

Using risk-based approaches allows a balance between the number of batches studied and the risk of the
process. They can also be used in conjunction with objective approaches to determine the number of
batches to include.

BT XU (1) 7732 R4 FH o VR BT AT 5 R AL B80RT 25 1K) R 2 TR R AT~ o IX 8075t ] DA 1
B W52 LA 7€ BT w5 B 4R R AL

Where practical, statistical methods are recommended to guide the determination of the number of PPQ
batches needed to achieve a desired level of statistical confidence (see Sections 6 and 8 on statistical
approaches to determining the number of batches and sampling plans). However, this approach alone may
not always be feasible or meaningful. One such example where is PPQ studies of a protein drug substance
process with a limited number of clinical batches. This dearth of output could be due to such factors as
manufacturing scale or product indications (e.g., orphan drug) where infrequent future manufacturing
campaigns are to be performed. In addition to limitations on manufacturing batch production, the nature of
protein drug substance manufacturing makes increased sample sizes of the process streams of limited
usefulness to achieve a statistically-based sample size. When it is not feasible or meaningful to use
conventional statistical approaches, a practical, scientifically-based, holistic approach may be more
appropriate. In this case, the following factors may be used to support the rationale for the number of PPQ
batches selected:

HISLAAT, MG AE R IR NG EAE K (S0 6 TR 8 i E LU I T
RIMG 7 Bt PPQ k2. A1, X — Il e dF AN SR nlATBOR & 3o IXFE — A
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T IR RS & iR R 2 T2 X ok = m] e A2 DR AR P IR Bl i G ROIE. F AN
RS, BInAOLE)) IXEERE. B 7 A RIS, B R R 24 A O AR R T2
AR BT S T Gt 22 ORE B P E A IR U ARSI SE it 22 A AT AT B =, —A
SEHR S BT R BARI A TREE 638 . ARXMIEILN, PUN PRI B R SR Tk £ 1 PPQ
RS A B

* Prior knowledge and platform manufacturing information/data
CA FRAT & 4275 B

* Risk analysis of the process to factor the level of risk into the batch number selection
T2 IR 73 B DA XU 7K ~F- 7 At 28 4tk e %

* Increased reliance on Stage 1 data to support that the process is under control and to add to the data set
8 oot 55 LR B AR P DOIE B T2 A0 T 3245003, RIS A

* Continuation of heightened sampling/testing plans during continued process verification until a
sufficient dataset to achieve statistical confidence has been accumulated.

FEFFSER) T ZRAUESIR), B 08 U AS 30 TR Rr 8 B 2 AR BN SEBL G BAE R 78 0 B 4

When a combination of approaches and data are used, the rationale and justification should be clearly
documented in the process validation master plan. Also, references to all supporting source data should be
included.

AL VAN A i, IR S B IR B R A i TE AR T2 kR, Ak,
ILELE B 51 A SR A HE

4.3.2.2 PPQ at Normal Operating Conditions
EFBIERETH PPQ

PPQ studies are typically conducted in a manner that demonstrates a state of control under normal
operating conditions to assess process variability expected during routine production. Process
characterization (robustness) studies conducted during Stage 1 serve as the foundation for establishing
normal operating ranges, proven acceptable ranges, and design space, if appropriate. Effects of scale should
also be considered if scaled-down models are suitably qualified, well-planned, and executed. Study data on
robustness should support conducting commercial-scale PPQ under routine manufacturing conditions.
Supplemental engineering studies at scale may be appropriate to evaluate extremes of the normal operating
range (e.g., line speed or compression speed). In most cases, available Stage 1 data make it unnecessary to
execute PPQ over the entire operating range during the commercial manufacturing process. The process
validation master plan should provide the justification for the approach used and reference all source data.
W, PPQ IF ST MR W FE 1E B A S5 AT T B ARRAS LAVRAS H A2 I T RE R T2t 25 1
By BOYTR) T e i 20t (i P ) W8 mT DA S IR W B AR E I . AR BT 232 (O JE L AN
B A A, W& N RN, An SRR L B4 /N R 2l o 2 A A, R
TP RIFFAT o T FPEBIE FUBCHE B SRR AE AR 77 26 A N R ML PPQ BT o I 2 AR A 186 )
AR TR VP Ak LE 45 O (A7) dan 2ok 8 1 sk 3D AR PR AT BE R 2 1) FEZE R ZHUE LT,
CA AR 1 B B A2 i A 7 A b o i AR B MR E VS B N AT PPQ. 50 E 32714
JSEBE A BT FH 7V ()G SRR B I 8 BT IR AR 25040

4.3.2.3 PPQ Using Individual Unit Operation Studies
i F BN BT ERAERT SR PPQ

PPQ of a manufacturing process can be achieved by performing PPQ studies on each individual unit
operation (or related groups of operations). This approach calls for the writing of individual protocols that
outline the studies to be conducted on each unit operation. The overall objective is achieving PPQ for the
entire process. By emphasizing unit operations that have more variability, higher risk of impact on CQAs,
or more limited Stage 1 data available to support assurance of process, this strategy may facilitate more
flexibility in PPQ design. Protocols should define the testing performed and acceptance criteria for the
output of the unit operation (intermediate). They and may also require that the final drug substance or drug
product meets all specifications and predefined acceptance criteria.
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A] DGE I AR AN B TR (B DR AUERAE 2 41D 34T PPQ TSR SEILAE ™ T2 PPQ. X
NTFEESRIS B IR BT IWE O S AT . BAHARREATER PPQ. LRI
AHEZAMNE X SRR R P AR S XU, B DA 1B B PRAE T2 o HRfE, X
—HWE W REN PPQ M THR B 2 AR EE . J7 SRNE TR R R (TR BT S I
PR AT S bR e o ARATT ] i B 25 B 28 SR 24 Bl 245 N A 45 T RO E R TIUE (1 PT 4 S2 AR

4.3.2.4 PPQ Using Bracketing, Matrix, and Family Approaches

PPQ EFH#ESVE. AN AL
Many operations involve similar or identical process operations or equipment. In these cases, designs
where grouping is used may be considered. Some process variables that might be amenable to approaches
using bracketing, matrix, or family grouping PPQ include:
2RO SR R R T2 BRI . fERXEAFOLS, A LI AR k. —4%
SN LEAMEHIFG 5%, FEREE, B4l T PPQ, Al4E:

* Batch sizes
L&
* Drug product dosage strength
2 f AR
* Identical equipment
Al BRI 7%
» Different size vessels, tanks, or similar configurations of the same design and operating principle or
in-kind equipment
ARV IIAE 2%, ST, BURAAH [FAC AR T 0 FR) 25 A AEABA R 55 R SR 1) e 46
* Various vial sizes and/or fill volumes of the same drug product (e.g., smallest and largest vial size)
AT 24 it B AN [/ Jf0 ROS AN ERE AR (e /S Al K /NIRRT )
* Filling line speeds (e.g., fastest and slowest line speed)
BERCLE . (AN e RAN B 1 2 52D
* Product packaging (e.g., bottle heights or dosage counts)
FE AR AT i P BRI R TH RO
* Transport validation for biological products
Gsty/LIPTP e (L Al

4.3.2.5 Bracketing Approach
RS

Bracketing qualifies processes that represent the extremes of process variables under the premise that the
extremes are fully representative of intermediate groups. The bracketing strategy is used when a single
process element can be varied while all other variables remain fixed.

SN TR L ERBNIR G TE, AR MG Ol il AT AR MG L . 35 572 3R
F T BA T2 703 w] AR R R I e 40 T A8 2 AR KR ]

Examples of cases where the use of bracketing approaches may be considered:

A2 RE A R SR DL

* Use of a common blend or solution, i.e., identical-strength tablets or those very closely related in
composition(e.g., for a tablet range made with different compression weights of a similar basic
[common] granulation, or a capsule range made by using different fill weights of the same basic
composition into different size capsule shells).
AR RSB, o, AHERUS 2 7 B 2y R AL Can, — Mg i B AR s 46
HOE, BRI CHED BRHIE, s—fRERE AFMEREE, hHREARL D 7%
FIAF RN B TE P A5 o

* Ablend concentration of 50 mg active ingredient /100 mg powder, could be compressed into a 100 mg
active (per 200 mg tablet weight), 200 mg active (400 mg tablet weight), and 300 mg active (600 mg
tablet weight). The same powder blend is common to the three tablet strengths.
TRE M2 J9100mg & 50mg i P BT HB K, AT LA /% 200mg 1 255 100mg il 457, 400mg
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H A 200mgiE BT, 600mg B 300maiE TEMITT . [FIFOR AR VR & il =l SRR AR 8 W o

* Capsules or liquid fills where common blends or solutions are used for filling into the final dosage
form.
A5 A [0 FRIVES & ) BV VR 2 B B 25 A7) B v

 Different container sizes or different fill volumes in the same container closure system.

AN TRV 2 8 R/ BB [ 25 5 AL 2R PP AN TR R RE R (A A

The rationale for selection of representative groups and numbers of batches should be scientifically
justified, risk assessed, and outlined in the process validation master plan and PPQ protocols.

W PARRNVE AL AL B P S e B2 E, KU PR, AR T 2R R PPQ 5 & ik .

4.3.2.6 Matrix Approach

y B3
A matrix approach is appropriate for commercial manufacturing PPQ when configurations of the same
process and product have more than one variable. The approach is based on the assumption that the batch
configurations selected for inclusion in the PPQ fully represent processes for all combinations. The
rationale for the selection of combinations, and the number of batches representing each combination,
should be scientifically justified, risk assessed, and documented in the process validation master plan and
PPQ protocols. Some processes require a comprehensive PPQ. In those cases, it is advisable select batches
or lots from all combinations.
R I T R M7 i G5 A A AN 1 — T AR A I BT R sk A A2 7 B PPQ. 1275 V23 T IR SR
16 5E I ELAELE PPQ H L IR I G5 A W AR T A A 100 N I L Rl & A A & AR VS
BB, MR RIW, KBTS, FRE T 2R THRIA PPQ 77 R Uk o ZETRLETHIL T,
MPTA A& bk Pt & 3 .

An example of a matrix design is shown for a PPQ of a filling process where manipulation of three
variables results in multiple drug product strengths. Variables in this example include:
I, RSO T R A 2 A2 R 3 MR R T 2. 2ol P AR R AL
* Fill Volume
FELAATR
* Bulk Drug Product Solution Concentration
2 it JR AR JEE
* Final Drug Product Strength
it A
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Table 4.3.2.6-1 Illustration of a Matrix Approach for Filling Process PPQ
R 43.26-1 EHETZ PPQ AEFEERH

Bulk Drug
Fill Volume | Solution

Final Drug Batch included

(mL) Concentration - roduct in PPQ? Rationale

R | (mg/mL) Strength (mg) KRB BFE Hph
R E REAE £ PPQ

Lowest drug product strength;

B/ G A 5

Lowest Bulk Drug Product concentration;

BR/NKE

Lowest fill volume

/MR

Covered by matrix

MR A

Covered by matrix

WA o

_ Highest drug conc. in fill solution
Covered by matrix

4.67 14 e T

Covered by matrix

W 7 5

0.30 Highest drug conc. in final Drug

Product

6.67 2.0 E* B K BRI 5

Highest fill volume

KRR

2.00 0.2 >
0.10

4.00 0.4

|

4.00 0.6

il

0.15

|

6.00 1.8

|

*Based on the assumption that process variability is highest at these conditions

T LR RO LR DL P R .

Rationale for selection of representative groups and number of batches should be scientifically justified and
outlined in the process validation master plan and PPQ protocols.

PRI AL A MR B B2 20 TR 2 4 W IR AE T ZI0IE A T XA PPQ 7 FE

4.3.2.7 Family (Grouping) Approach
g

A family approach is appropriate when multiple related but different entities can be grouped so that a single
one represents the common characteristics or worst case of each group. The rationale for family groups and
justification for the representative selection should be included in the validation master plan and PPQ
protocol. All variations in the formulation or method of manufacture should be described and evaluated in
detail. Two examples of the use of the family approach for PPQ are provided.

73 HFE T 2 AR IABAN R B SR B 20 2H DAE 5 ) SR REAR SR IE [F) O P ot BN 2 Y e 72
5L e 3 RN FRAR A L 1) 4 i B el 045 AR SIE S v RIRT PPQ 5 5o P A il i e 7 BT V2
FLVEANRR AN VR . 4R A T 2 AME 2 VAT PPQ HIZR Y .

Equipment Family

wEAE

Cell culture for biological product manufacturing can be performed in multiple trains using the same
equipment and process in each one. Use of a family or grouping approach may be valid for the PPQ for the
fermentation unit operations. This example shows how such an approach, which limits the number of
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Equipment
Family—Production
Bioreactor

BWENH—
&/ ANE;

#1
#2
#3

batches for the PPQ versus repeated multiple runs from each fermenter, could be used. In this case, each
equipment train was evaluated for similarity of the equipment (identical equipment trains with duplicated
equipment of the same model and manufacturer). Identical equipment trains reduce the number of batches
needed to show that the process is reliable in each one. In this case, there is ample prior knowledge on the
performance of the process. Use of a reduced number of batches in a family approach should take into
consideration the amount of prior knowledge of the process, the number and impact of the critical process
parameters, and the ability to control the parameters within the ranges. For a unit operation with no critical
parameters, use of fewer batches may be appropriate. In these cases, the approach should be clearly
justified with reference to supporting data in the validation protocol.

PR A1) R I P 200 L TR R 0 (8 FH IR RE ) B8 A L ZAE 2 MT S AT o I 0 VR AT R T
TEERAERT PPQ 2 R o ARG &R T Ul X AR %, BRAE PPQ HUHEHL Vs BN I GER
ZINERIZAT, REPUER . ERXMELT, BDRETIIEIFMZ RPN (i FREAL S A ™ i
{1 2 v A 2 R R (R e 2 AT 91D o AR AL AT 91D D S B 5 2 Bon Rk 0 T 2R P 5E 1. AR IR
O, FELZIERETT A 78 2 KISERT AR . 4k b BN R T Z O A MRS, RET
SSHIBENTW, DR SEAETEE A RIRE . X T — N R T 2S8R fot,
MBI ECEIE S 1. EIXEFILT, VAN IE T S H 2 S AR IE, IRIEEA S AL
2%,

Example 1
1

PPQ Runs

(Unit Operation)

PPQ ZBATKHK
(AT

Assessment

A

Supporting Data
SRR

Compare: Bioreactor #1-3 batches | Multiple small-scale process
ST EE . Bioreactor #2-1 batch characterization runs
* Physical design Bioreactor #3 -1 batch | available to support ranges
LERIVE P RBIFHLI—3 | 2D
* Design specs VIR N 2—L | R AR
PR VRN ERHI—L AL | BT SRS
* Materials of construction
i
*1Q
IQ
* Acceptance criteria
B ifE
* Operating principles
e IR A
* Process control
instruments and software
L2 hA AR AR A

Buffer Family Grouping Example

TR X G2 B 23 L 5445

In assessing the stability of solutions and buffers to support commercial-scale bulk protein drug substance
manufacturing, buffers and solutions of similar formulations and storage vessel types may be assigned to
family groupings.

BEAT VA VBN 2 VBRI A S8 1 70 A DA SRR RAL AL KA 0 B 9 24 2872 i, BC 5 AN 728 2 2R AR AL
HE A Ge M T LAy o — 2. 2 J il #hAT k4 . SRS ILIER . R EE 515U
fbsd H R4, B2 R e 2 S AR R il X — ARG R R A& SR UE Ty
FHRIETA 25 . ARRMER G PT LA X — 2 BT AV AT G IR S fF o X e 7E
ARG T I F1HRIF T A .

4.3.2.8 Process Analytical Technology
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BT DI IE N

After developing a control strategy that incorporates PAT (Section 3.9, Section 6.3), process qualification is
performed to confirm that the monitoring, measurement, and process control or adjustment systems are
suitable, capable, accurate, and reliable. The key to effective PAT process control is the reliable operation
of instruments and equipment.

TE45 6 PAT(Section 3.9, Section 6.3) 142 ill S i& & J& g B $AT L2 CRIE 3% WS, e
HIER T RGRE B EHTE AEFRPEATATEENE . A AR PAT il FE 45 il () S S 2 A AR AN 2% () AT
FEHRAE.

The use of PAT controls can provide an alternate approach to PPQ. If a PAT system is used to control every
commercial batch, then the PPQ stage will have a different focus. For example, if a powder blending or
solution mixing operation is controlled by a PAT system, such as NIR (near infrared) assays, the PPQ will
involve demonstrating the control model and system and the process model works

as predicted in commercial manufacturing.

PAT 2 IR PPQ (L ZERER V) S fit VIR Z AR . dRAHH] PAT RGEEEHIE— A Rikittik,
ZJEH) PPQ M BT VAN ST fle Blan: — ANk R TR & B IR S IRV T PAT IR 4L,
WINIR GEZLAMEIE) R, A4 PPQ At B AR IR B i, RGNS AR AR A2 A 7 8 Tt
IR — R A

Qualification of the equipment, measurement system, and process must demonstrate the capability to adjust

CPPs according to the established algorithm and confirm that the adjustments result in acceptable and

predictable outputs. In other words, a PAT-based control method needs to be qualified (20) .

Wk WE RGN T Z RN LAREY A BE /15T CPP (Rt TZ B0 2 FFEHisLr iz, JIf

HAE BT IZAN R 45 o vl #5211 Ho A o2 e BUMI Y . )i, T PAT 2 iR T A0 E
(200,

4.3.2.9 Sampling Strategy

BURE SRS
During the PPQ, increased sampling and analytical testing is expected to verify that the process is under
control, and to demonstrate consistency at intermediate steps, as well as in the final product. Sampling
plans for discrete units should include the statistical rationales that underlie the plans. (See Section 6 and
Appendix 8 for further information on statistically-based sampling plans.)
FE PPQ (LEMERERIIA) 1EREry, ROd 2 3G IR A A SL U0 RAE W T2 24 b (a2 4R i
— B o S SL BTG I BURE TR S B AE B TR e AR o (CBE TG S R IURE 1R 3 WL Section
6 11 Appendix 8.)

For processes or individual unit operations that yield a single homogenous pool of material, statistically
based sampling plans may not be useful in ascertaining the level of intra-batch process variability. For
example, analysis of multiple samples from a homogeneous bulk solution or API provides information on
the variability of the analytical method only, not intra-batch variability of the process. In these cases,
extended characterization of intermediate pools and non-routine sampling performed at certain points in the
process and comparison of the data between batches can demonstrate process control and reproducibility.
TEVIRL R — . S T2 BT, BTGt Be it AE ] THEf N TE
ZES Ao an: S STRITE R R B2 AN i AT 20 A R BE S A b D5 22 SR T T AR BT
FLZHHMAZERIEE . EXEELT, Hneb AR RGR 2T 2 f 3L gt A7 AR
FUEURE DL ST St B E5cafs AT % Ry DAUE B T2 ) sz 4 s .

4.3.2.10 Setting PPQ Acceptance Criteria
L PPQ (T ZkREHIA) B2 hnE

The acceptance criteria for PPQ should be based on the body of data available from Stage 1, prior
knowledge, and equipment capabilities. The approach used to determine the acceptance criteria should be
outlined in the process validation master plan, and the justification of the individual acceptance criteria for
each unit operation should be documented in the PPQ protocols. Statistical approaches should be used
where appropriate, and each product and process variable should be evaluated individually. Process
justification documented in the Process Design Report (see Section 3.11) provides the scientific basis and
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reference to the data supporting the acceptance criteria for process parameter ranges, and product attributes.
The rationale for PPQ acceptance criteria should be clearly described. When sufficient data are available
and statistical methods are used, the method(s) used and the rationale for selection of that method should
be described.

PPQ HFE SRR L AE ISR — B BRI Al . A RIR & s IRtz 1, T2
BRUERIANE AR T2 UEE TR TP REE, & BTt IE A 2 brdE R B BAE PPQ J7 APl
Ko NAEIE Y IR AME FH GE 2071k, AN SRR S B PP A . T2 & (I Section 3.11)
T T E MBS it T RA AR NS BRI SR T2 S HGE A &8 M52 br k. PPQ 3%
SARMERHE N IR . BRIy, I TG U iR, s R IR AN % 5V B AR AR

A A

When establishing acceptance criteria for PPQ, the following considerations should be taken into account:
ST PPQ RS ARERS, B R AIIEI

* Historical data / prior knowledge
3 2 A A R

 Preclinical, development, clinical, and pre-commercial batches
11177 E 1IN A 7N 1177 N7 A7 e S (1 R¢

* Early analytical method suitability (if data is used from clinical lots)
FUIRR A OEE R Cn R 2 I PRI R A

* Amount of data available (level of process understanding)
AR RE O 2R3 KD

* Sampling point in the process
T 2B

* Compendial requirements can be met with high confidence
e AT BE AT A 24 R

An overview of the factors considered for determining PPQ acceptance criteria should either be described
(or referenced, if included in a different document). Criteria for determining inter-and intra- batch
consistency should be defined. All parameters and attributes designated for tracking and trending in Stage 3
Continued Process Verification should be included in PPQ acceptance criteria.

Acceptance criteria may include:

RE PPQ HSZhRiEFR 2 B R R W RR (AR HA SO 2, IS5 HD . fpA At
(A — B E AR HER, B . PPQ PRI 32 Ak v LA 57 = B B 8210 T Z Bk il F 183
TS EN B 22 FRAE N 45 .

Incoming material — Meets designated criteria (may be raw material or the output of a preceding step).
KB — FFERERRE CATREZERE, WATREE b2 B PR v [a] 7 D

Process Parameters — All process parameters are expected to remain within Normal Operating Ranges;
particular attention is focused on parameters with Critical or Key designations.

TEZ2H — AN LZSEREE LT EREER, R0l 2 s s E E S 4.

* Critical Process Parameters (CPP) with the potential to impact critical quality attributes
KT 24 (CPP) A W] REFEM X8 T & i
* Key Process Parameters (KPP) with the potential to impact process performance.
HETZZH (KPP) A Resm T2 MERE
Attributes — All product quality and process performance attributes should meet pre-defined acceptance
criteria and include statistical criteria where appropriate.
JEPE — IR B o AN 2V R I N S U A S AR e, I 2 I EE LR S AR v

* Process performance attributes: may be impacted by KPPs (e.g., step yield or bioreactor titer) and
demonstrate process consistency between batches.
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TZVEREJENE: FTLASZKPPEZM (fan: — A BUSCER B SR SR IR0 JHIEW] T2 &4t
O TR] ) — 2k

 Critical Quality Attributes: have the potential to impact safety or efficacy (e.g., impurities).
FEEFUEJENE: A AR B R (Bl 2D,

* Quality attributes: do not necessarily impact safety or efficacy, but can be used as a surrogate at certain
process steps to demonstrate process consistency (e.g., deamidation or oxidation that does not impact
potency or safety/immunogenicity)

J @ AN IR SRF MR 22 A R 25, (H W] AE RS T 208 BRI R s T2 1) — B (41
N 25 T B A AN T M R B2z 4 e S D

4.4 PPQ Protocol
TZHRHATR

PPQ protocols are a documented plan for executing the PPQ studies. Protocols are reviewed and approved
by cross-functional groups that include the quality unit. Protocols must be approved prior to
commencement of PPQ activities. PPQ protocols typically contain the following sections.

PPQ J7 %2 AT PPQ BIFFE I THRISCF . J7 58 e B4 ot B 98 1 J7E P 5 R e FA AR AT o AR At 7 . 7
FALAUE PPQ JTURHTALAE . LAY PPQ J7 S AL45 LU #70.

Introduction

N4

The introduction should include a description of the process and/or specific unit operations under
qualification, including the intended purpose of the operations in the context of the overall manufacturing
process. The introduction should provide an overview of the study(ies), and important background
information.

IR L ELFEZEAG A L ZAN R R G S TR B IE . AR I SRR AR RN P T EA R T B T
HE . FES a7 N AR fE A T 2R RER AT FE LR A B ) A5 B

Purpose and Scope

B MEATEE

Describes the objective of the study and provides an overview of the study strategy, i.e., how it will be
performed, how data will be analyzed, and the expected outcome. Justifications or cross-referencing to
documents that contain justifications, such as the process validation master plan, should be included.

i TEERERAIATE T B AR OE0 FE A b . B nfrdhdT, BdRanfr o, BLAHURR
iR TT RIEREECE AR A (BN TZ8uE XD A2 G- N EEN

References
S35 3R
References to relevant documents related to the study should be included in the protocol:
FASRBIE T 51 T A RS0 BEAE T 28 T g
* Development and/or Process Characterization Reports that provide supporting data for Operational
Parameter and Attribute ranges
NG AT ZHORN i P 9 Bl B B SCHRp 500 1) O R R T 2 P 5 S 4 o
* Process Design Report
T2t
* Process Validation Master Plan
TEAEFE TR
¢ Commercial manufacturing batch records
DA e 5%
* Related qualification documents (facilities, utilities, equipment, other PPQ studies)
FHRFAN SO (Bt A~ TR g FHAmPPQA7T)
* Analytical methods
VAR IWIRFS
* Specification documents
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btk
* Approved batch records

HEAE RIS

Equipment and Materials

B MYEL

A list of equipment, instrumentation, and materials necessary to perform the study should be included.
References to qualification of utilities and equipment should be provided as appropriate.

PIALFEBCE  AXES DR AT WA i s Z DR R B0 o ML DU IE 4 (R SR A2 A0 2 Y LA A 96 E
Bk

Responsibilities

R

A designation of various functional groups and their responsibilities as they relate to execution of the study,
and verification that appropriate training has been conducted for all contributors.

T 52 B S\ St PO 25 R RE R 11 A LA S AT TR B o IR 12 538 X0k AT 1@ iy 8.

Description of Unit Operation/Process

HIGHRAE T Z R

The objective of PPQ is to provide confidence that all elements of unit operation/process are under the
appropriate degree of control. A comprehensive discussion of the control strategy similar to the level of
detail provided in the commercial manufacturing control strategy is appropriate to demonstrate that all
process elements have been considered. Although all elements are described, only a subset of the process
variables will comprise PPQ acceptance criteria. (See Acceptance Criteria.)

PPQ I H AR A HIHAF B0/ T2 o 3R B 2 WP T3R5 0 o A RIAGZE P 2] S
BRI VR Y 7K BEAT — >4 1T AR 428 1) SRS B e & ) THE BT A 1 L2 nam #R 2 iR MR . 5
RITA M L ZnREgamE, (H2 G Mo L ERREA PPQ 2 hrl. (WHZhrE)

Methodology

JiiE

The step-by-step procedure needed to perform the study. This section clearly identifies the critical and key
process parameters under qualification and the methods by which the operation will be monitored and
recorded. A brief explanation of the relevance of these parameters and their potential relationship to
process performance and quality attributes is useful to further describe the PPQ strategy. Documents
containing the detailed rationale for critical and key parameter designations should be referenced.

R BT AT o — i O AT e T2 BMA T T 258 A1
UG RATERIIORAIR 775, K scue S50 RO MR A 5 1 2 PRI R 2 I
B3 A SRR R HE— 25 i PPQ R S AR 3A H 95 s B 6 32 SO
AR A SO LA 5] A

A discussion of the number of batches planned should be included, and the rationale should be stated. The
level of confidence expected at the conclusion of the PPQ study should be included as applicable.

LR THRISE R I8 I e BB AR . i ], N E PPQ 45 R BTN E A5 /K1

Data Collection

HHEUEE

Roles and responsibilities for various functional groups as they relate to collection and analysis of PPQ
data and documentation should be included. The list of process data to be collected and how it will be
analyzed should be stated.

A3 PPQ Hud HSCER « 70 B A1 ST A4 1) AH 5% ) i HR BE T AN S ANER B o 7 ) B S B T2
Hetla 197 22 UL S S ey 73 At o

Sampling Plan
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BURETHR)
A description of a defined prospective sampling plan and its Operating Characteristic Curve with details on
the number of samples, frequency of sampling, and sampling points supported by statistical justification, as
applicable:
R WY ) PO HORE T Rl DA S8 PR T IORE B8 R L EUORE ST A IBORE i I 40T P PR R Ml 2, 224
%#%%i%,mﬁﬁ
Sampling points
B
* Number of samples and statistical basis for sampling, as appropriate
FE B FTIURE ) Ge vt 2, & .
* Sample volume
B
* Non-routine sampling for extended characterization
I AR AR B AR
* Sample storage requirements
FE AR A7 2K
* Analytical testing for each sample
AR R 2T R

See Section 6 and Appendix 8 for further information on statistically-based sampling plans.
T gt AR THRITE W.Section 6 FTAppendix 8

Analytical Testing
TSR

The overall validation package includes the methods used for all analytical testing performed, from
assessment of raw materials to extended characterization of the drug product. A listing of all analytical
methods used in each protocol and the validation or qualification status of each (and references to source
documents) should be included. Analytical method validation should also be included as part of the process
validation master plan.

AL MFRHIPE A 207 i 3 RERF P I A AT o A S B A P R D7 9o AEREAN T R B ITAT 204 05
FEUL A BB RS GBI SIRD BN AIEEN .. o a8y T28IEE:
TR — 0 B AE A o

Deviations

oE=
All potential deviations cannot be anticipated regardless of the level of characterization and knowledge. A
general framework for defining the boundaries of qualification is appropriate, for example:
TERFFEAENRAL T2 K, B T AE A s 22 80 AN AT B0 o 3 T 1) — S VAR HE 2R X
ﬁ%%ﬁw .

Out-of-specification or out-of-limits test results.

R B PR P A 96 25

* Failure of a CPP to remain within normal operating range; a CPP is designated as such due to the
potential impact on a corresponding CQA. Failure to control may indicate overconfidence in an
immature control strategy. This would be grounds for protocol failure.

TEIEWIZATZHEE N KICPP CREE L ZZH0 RIMG RN FICQA (G Em ) A8
FESZMR A CPP RN o F2 8 SR AT B T H A A4 i) S R AN B o« XA PT BE- 2 BT R

* Missed samples or samples held under incorrect storage conditions
A IURE B i AR AE R SE 25 1 D A7

* How individual batches or lots failing to meet validation acceptance criteria will impact the study.

M ARERE AT & S IEAE S AR HE 2 X W AT FE A 2

Acceptance Criteria for PPQ
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PPQ (T ZMREMIN) HIEZIrME

The objective of PPQ is to demonstrate that the commercial manufacturing process is in a state of control,
and the elements of the process control strategy provide confidence that a state of control will be
maintained. The expectation for PPQ is that all process variables will remain within their designated ranges
or meet acceptance criteria; subsets of these are used to define the PPQ acceptance

criteria. The protocol should clearly document the acceptance criteria to be met in order for the PPQ to be
considered successful. Acceptance criteria may be shown in tabular format in the protocol (see the
following example).

Table 4.4-1 Example of PPQ Acceptance Criteria Table

PPQ 1) H 12 E IR LA A 7= L 24 T2 45RES L2 ) 5w 19 % 70 3% WD I AN 32 R T DA,
FREERFIGINAE Lo PPQ HITIIYIZ FT A 1) L 278 EAERFAE W TH I S 8O [ N AT S e bt A7)
WHIRE XL PPQ HIHZ bRt . J7 58I LASTAF T s L 75 & - A R I 2R i RT LLACH PPQ 2
BRI o FesZhRiERT Lo 2 107 RAETT AR Bl (LR

Table 4.4-1 Example of PPQ Acceptance Criteria Table
* 4.4-1 PPQ P HEF R E4)

Process Parameter Designation Normal Operating Range
TZ3H =L EERZBITEH

;%Zmleter 1 CPP (XXX - X.XX)

:;%Zmzeter 2 CPP (XXX - X.XX)

;:%a&n;eter 3 KPP (X.XX - X.XX)

;:%a&rzeter 4 KPP (X.XX - X.XX)

Attributes Acceptance Criteria
JE bRk

Recovery Process Performance (XXX - XXX)
ELES T2 MR ' '
Quality Attribute 1 Quality Attribute i
TR 1 R (exx-xx0)
Quality Attribute 2 Quality Attribute i
R 2 R b fexx - Xx0)
Critical Quality Attribute 1 Critical Quality Attribute (XX - X.X)
KRR 1 A ' '
Critical Quality Attribute 2 Critical Quality Attribute (XX - X.X)
KRR 2 R i Jm E ' '
Critical Quality Attribute 3 Critical Quality Attribute (LXK - X30)
KRR 3 R ' '
Critical Quality Attribute 4 Critical Quality Attribute (LXK - X30)

KR 4

R R

45 PPQ Report
PPQ &

A report should be prepared for each study and will typically include the following sections:

RN OB AE SR, I H RS AT )

Introduction

e

The introduction should include a concise description and outline of the unit operations or group of unit
operations that have been qualified. It should summarize the overall results of the study, providing
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background information and explanations as necessary.
NN ASE T ERR, DR CERAT AR IR (BORI 477 sUIE R TR ) I
LT FSRIESS R 5 S LS Z AR

Methods and Materials

T AR

A clear and concise summary of how the study was performed. It should identify how the objectives of the
study were accomplished using both methodology and references to appropriate procedures and protocol
requirements.

YOI I6 UEBIF FE A0 RT PRAT B0 — A (a7 V47 AT ) 5 S 4 o o B ) s ] 7 3k 2 A0 51 P 5 R RE A
77 FEE SRR WA R R BT 7T R H AR AT ik 2R .

Deviations

oE=

A summary of the deviations and corresponding root causes, as well as a discussion of the potential impact
to the PPQ, should be included. Corrective actions resulting from deviations should be discussed. Their
impact on the process, the PPQ, and on the affected batches should be provided.

i 22 K A 22 FROARAS T DALY 137 447, 6 PPQ ITERAE S M A B th LA R AE Y o 22 1 2H I 435 T S o
o MATXZZ. PPQ LUK AZFLM AL IR RS2 N AL 45 o

Protocol Excursions

VE T

Protocol excursions and unexpected results should be included and fully described in the report. A
reference to the root cause analysis should be provided if documented separately from the PPQ report. Any
corrective actions and their impact on PPQ should be outlined in the report.

ety N2 LA J5 S A S AN AR ROF 78 7 i o A SRARA R R M IR ST ANE PPQ iy v, U AT
SIH e B A I IERE T LA ABAT TR PPQ FRIFE M R 7E 4 15 A .

Discussion: PPQ Results

WHig: PPQ &R

This section should restate the key and critical process parameters and give the actual range of values
occurring during the PPQ. It should include how the data were collected as well as references for analytical
methods used.

X E 7 LK U B S S A B T S O 45 AR PPQ SEH A o Y SE PRI . N B AR it 2
AT SCEE B A S A P ) 3 A 7 ik 51

Data summarized and compared with pre-defined acceptance criteria should be presented in tabular or
graphical format whenever possible, and data used from Stage 1 studies should be clearly identified. A
reference to the original study should be provided when data is used from outside the of PPQ is used to
augment the PPQ data set for statistical manipulation or other support. (7% 1) The level of statistical
confidence achieved should be stated. If the desired level of statistical confidence was not achieved, the
reasons for this and follow up actions should be discussed.

JS2JR T RE A48 5102 5 B B0 78 R K B8 5 TOI 3% AR HEREAT M A AT EL AL, MBS — B BUwt 7T B
PR SRR . A PPQ S 2 M et RGN Bt it 47 Ge v h A BR ) i ST B A SRR I
PR I TR 5 . N A BRI Gt BAR KT RIRREIA B HUN M Gt B AR K1, Nt ig
JRR ARG G 4T3 GE 1 JFOCHANRA S, NIZ2RR, 5 NEEAE.

The discussion should provide support for any study conclusions. The impact of ranges and deviations
should be discussed if they affect the study results. Risk assessment and any follow-up conclusions,
including corrective actions, should be stated.

o AT TR S5 4R S 01 2 S B R 22 B R 1 5 L T 4 SR BRI 1 18
IS B S 0 7 45 45 e TE A M

Findings associated with batches or lots that fail to meet the acceptance criteria in the protocol should be
referenced in the final PPQ package; likewise, with any corrective measures taken in response to the cause
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of failure
ANFFETT L I ST AR E R BT REIR B DG IR B 25 55 DLROR S &8 SR B BT AR B R 24 IE 4
it N E B 24 PPQ SO 5] A

Conclusions

g

Conclusions as to whether data demonstrate that the process is in a state of control should be provided.
Pass or fail results should be stated for each acceptance criteria and corresponding results.

SEE AR B RN T L2 TR IIRAS o L WA 52 A v R S o B IR 4 SR DL KA

IZE 1L .

When a unit operation approach is used, PPQ reports prepared for each unit operation study. A summary
executive report that unifies all the study results to support the overall process PPQ should be written.
WEBGTERAERTTERE 1, ENEAD T B ERI B S HE S PPQ ity . NS5 — MG T
IIFFEGs F B ) AT T i AR A2 1 PPQ.

4.6 Transition to Continued Process Verification

TE B T ZRAE
Following a successful PPQ, the CPV plan can be finalized and implemented. Any adjustments to be made
on the basis of the PPQ should be in place prior to manufacture of post-PPQ batches and should be handled
through the change control procedures. When appropriate, enhanced PPQ-level sampling is recommended
for a period of time following PPQ. However, this may not be necessary in all cases. Further information is
presented in Section 5.
PPQ iMifE, MUAILA#EAT CPV (FRZ:LZEUE) THRIMMUE M. Fra7E PPQ J&flt b2y
WHERNAE PPQ Z 5 Wb T IR A=, JFROE A AR A hIRE P AT AL B . and& ), HHEFAE PPQ 2
JE B — B AT SR 4% 18 PPQ HIZK-FREATHURE, 4R, AR RIIE AL AU FEER . #E— (5 5
7 IL. Section 5.

HIZHARKIEREE GMP EBHIEAT &



5.0 Continued Process Verification (Stage 3)
FETZHIE GE=HBO

5.1 Establishing a Monitoring Program

BV INEREF
5.1.1 Purpose and Strategy

ER:Npih

A program of Continued Process Verification (CPV) provides a means to ensure that processes remain in a
state of control following the successful Process Qualification stage. The information and data collected
during Stages 1 and 2 set the stage for an effective control strategy in routine manufacturing and a
meaningful CPV program. The understanding of functional relationships between process inputs and
corresponding outputs established in earlier stages is fundamental to the success of the CPV program.
Fre: LZMIE (CPV) R AL 1 # R L Z I\ 5 IR FE A2 RS I —FhJ7 2. BB 1 MrEL 2
B 45 SR 3 9l 3705 82 H A 7 A S ) SR AT B CPV RR PP 1 A o X BT Bt
LI 2 NI B 1 5¢ R OB, 2 CPV PP B Tl 2t

Continued monitoring of process variables enables adjustments to inputs covered in the scope of a CPV
plan. It compensates for process variability, to ensuring that outputs remain consistent. Since all sources of
potential variability may not be anticipated and defined in Stages 1 and 2, unanticipated events or trends
identified from continued process monitoring may indicate process control issues and/or highlight
opportunities for process improvement. Science and risk-based tools help achieve high levels of process
understanding during the development phase, and subsequent knowledge management across the product
life stages, facilitates implementing continuous monitoring (see Sections 3.0 and 4.0).

Xof L2 B AR SR IS0 CPV R b A N EAT R B O AT BE o 3R AT DLAMEE 2304k, fRuE S
P . BUNAE A HIARIEHSRECERT B 1 BB 2 TIE A E , 4972 0 2 WA R I AN P T
FAFEGE T RESR R T Z 6] R A/S TS0 & . T2 RBrBG LR A i i 0 Jim 48
SRR By, SR FARR S AN T XU 80 T BAT B T st TZ R EAR, (Lt RRESEE ] s (A 3.0
4.0,

5.1.2 Documenting the CPV Program
RS T2 UETHRIGT
Planning for CPV begins during the establishment of the commercial-scale control strategy (Stage 1).

BH PSR T ZWIETT 46 T2 S i MV AR R ) SR (BB 1)

High-level quality system policies/documents outline how various departments interact and how
information is compiled and reviewed to ensure maintenance of the validated state. Under that policy
document as well as a process validation master plan, a product-specific CPV plan should include the
following elements:
e O R T BESCHERER 1 ASFIAR T T oA, s, s, fREAL T ERAEIRES . 1E
Jii & ﬁﬁu&Ia%ﬁzﬁsz FERE P R RRIE T R N B 4E DU R
Roles and responsibilities of various functional groups
ANTRTHARE BRI T HO/E AN 5
o  Sampling and testing strategy
FBURE RN SR S
o Data analysis methods (e.g., Statistical Process Control methods)
Bl drorik (B R s et 75D
o Acceptance criteria (where appropriate)
ARSZARME GE 4D
o  Strategy for handling Out of Trend (OOT) and Out of Specification (OOS) results
OOT HI 00S & FLAb#1 5
o  Mechanism for determining what process changes/trends require going back to Stage 1 and/or
Stage 2
TR T AR B A H 75 3 [ B 1 A/ER B 2 F L
o  Timing for reevaluation of the CPV testing plan

RS T 2R UEN K T ) - PRA IR PR
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Figure 5.1.2-1 illustrates an example of the development of a CPV monitoring strategy throughout the
lifecycle stages. Ideally, the majority of the control strategy is established prior to Stage 2, when PPQ is
conducted. When adopting the concept of Continued Process Verification for legacy products, the same
general approach should be taken to document and execute the CPV program (see Section 5.1.3, Legacy
Products and Continued Process Verification).

K 5.1.2-1 2851 Ba W 17 it A= i A ST b R R T2 UE AR R SRS T R . BRABAE T, ) SN (0 R
FEMTEL 2 CLZVERER) FIERSL, “URFEL T EMUERES S T2 77 Mt SR F R B V% i
PATFRSEMUE TR (UL 5.1.3, Z7=SIRESE T2 ME)

Because Stage 3 is part of the lifecycle validation approach (5.1.2-2), Continued Process Verification
should be governed by both an overarching quality system for validation practices and a process validation
master plan. At a minimum, the process validation master plan should make high-level commitments for
both Process Design (Stage 1) and Continued Process Verification (Stage 3) in addition to Process
Qualification (Stage 2). The specifics of the CPV sampling/testing strategy may not be finalized until
completion of PPQ. Therefore, the process validation master plan may include general commitments to the
planned CPV strategy. These are then further clarified in a separate CPV Plan referenced in the process
validation master plan. It is still possible that a process validation master plan can be considered complete
at the end of Stage 2 (i.e., not left open-ended for the entire commercial lifecycle) if the requirement that
CPV activities, as required, are be initiated per the defined CPV Plan.

Bl B 3 2 A IsE Tk (5.1.2-2) M—#7r, RRELEMREN AT & IR A R T Z5%
WEETFRIMESR . B 7 L2 (BB 2), LZREF R 20 Mo T2t (BB 1) Fikpss
TEWHIE (Br 3). RRE: T ZHuERURE S S0 1) B AR A B2 78 T 2R REmIA A & E .
I, TCERE T R AT AR RS T AR SR 0 —AREK, IRt TR T R R A
ANFFEE T ZMUE TR R . R CPV &AL IRIE M CPV IG5, WUk T Z5HE 1K
FERT B 2 JE IR Ot & U ANSAE REAS ™ il AR i T 0 h 4 28 40 T JTT8CIR D

Figure 5.1.2-1 Development of a Continued Process Verification Plan

CPV (FREEIE) RIS
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knowledge/confidence gained from PPQ E
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Figure 5.1.2-2CPV Plan within Validation Documentation System
IR SR R R CPV (R4 T 2R X

Quality System (Governing Validation Practice) [T it &3¢ (Fr 500 1iF ,'14 )

Y

lll

Process Validation Master Plan 1~ 25 0aiE 3 if

=g

'1! " L i L i v L J
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Protocaols - o i Protocols Protocols
TEFHEAE TR AR IE ) 4 T iiE TR HERHE S A%k R
Wil HE TR %

5.1.3 Legacy Products and Continued Process Verification

ZT RS T ZHE

Figure 5.1.3-1 outlines one possible approach to assessing what is necessary to apply the lifecycle
approach to a legacy product. It may be the case that a legacy process is well-controlled and monitored,
and not much action is required. However, this decision should be based on an evaluation of the large body
of historical process and monitoring data and an assessment of process variability. In this approach, the
historical data is used to determine the current state of control of the process. Measures such as
performance capability (Ppk) and other statistical approaches should be considered (see Section 6.0) for
assessment of the process. In addition to assessing process performance, the adequacy of the set of
parameters being used to monitor the performance of the process should also be evaluated. Part of
assessing the appropriateness of the current process control strategy is to provide a foundation for
determining what, if any, additional sampling/monitoring should be included during Continued Process
Verification for the legacy product. A period of enhanced sampling will help generate significant variability
estimates that can provide the basis for establishing levels and frequency of routine sampling and
monitoring and should be considered. It is recommended that this ongoing monitoring also be captured
under a formal plan as outlined in Section 5.1.2, Documenting the CPV Program.

P 5.1.3-1 Bk 1287 b S A i A SR IS, DAl P 75 8 IS B I — 7 % 7 Rl R R
WA, ATERPURZATE). SR, REFETX] g s T2 42 K B s DL T 2 AR A Pt e vk
o RMZINER, NOAZA D 2 BER TN TEEHIIR. PP T2, N5 SR IR 5 A
fhgeit 2 diik. B 7RIS AR RE 08k, WNVEE T T2 AR S EGE . XTEUA T2 S
R VAL, W RME N TRE 277 i A L IR R 5w A A MR P A . B E R AT
— BN RIS R, DLISRAS KB AR B Ed, MRN8 H R R AN M 2 K IR ) it o 7
SOKF A I 5 N 5.01.2 H R T WA %I %7 IE Rk,

In considering whether the sampling plans for legacy products are adequate, it may be determined that a
statistically-driven approach should be applied. However, the amount and type of data may also lead to a
decision that statistical justification of the sampling plan is unnecessary. This determination should be part
of the initial assessment of the historical data and monitoring approach. Although statistically-derived
models may not be required, the sampling plan should be scientifically sound and representative of the
process and each batch sampled.

FIWTE = i BB THRIGE S 78 0 I, AR GE 22107k . AT, AR EEE R B R AR AN ],
PRI 0 SO BURETHRIBEAT BT PR o 2 8 BEAE Jgsx Dy S B A 42 77 VAT 10 20 PG B — & 20
REWFATEG IR, BT RIR RS HE, R AR AT L Z ML i
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Figure 5.1.3-1 CPV Plan Determination for Legacy Products
277 CPV i R #IT

Perform comprehensive review of Process Control Strategy
(PCS), historical production data trends, and events-based
data/information (deviations, complaints, etc)

Is the legacy
manufacturing process

EMA T

Use process knowledge, risk assessment, and/or historical
data to identify sources of process variability and/or PCS
deficiencies.

Can process variability
be reduced via minor process
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process controls?
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REfEIE IR T 5%
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ARy

Can process variability be
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¥

Perform Process Design work required

SHAEE, WHECPVEEE,
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EHHEEEAEE (RE. fHiRE) T
ATE P

Continue to monitor/trend on a
routine basis. Ensure events-
based data are integated.

fEEMNEEET, R
HEEL & FFEEE

FIF TZANE MU PR /e s 3068
SRR T2 A Rk IR/ s PCS YA 2

Implement change and continue
collecting CPV data to confirm
that variability is reduced.

fIFsEAr s O R

Implement changes
Re-perform PPQ.

SLHEAETE , il
Pl B i
HERRIA

Resume CPV for
improved process.

Wik s T s CPV

to support process changes necessary
for ensuring process control.

HATRT
L.

FLLIWT R L UAEE, LURIE

* |s an appropriate Process Control Strategy (demonstrating understanding of the impact of process
parameters on CQAs) defined and does statistical of data show that variability is controlled?

FETEAE T 3E I L2 hI e (REBZIE B BAR T L2 2800 T OB I 2Rk 1
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5.1.4 Demonstrating Continued Process Verification

FEE T EMERESE

SO, Gt

Two primary sources of data that need to be included in a Continued Process Verification (CPV) plan are:

CPV T3l oh A ) AN AR -

1. Process parameters (i.e., process performance and product quality indicators)
T4 (B LRI 55 2= Fah5)
2.

data/ information may include:

AR RN B 2 N T E 24 flan:
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Potential sources of variability that are not defined process parameters. Examples of such sources of



a. Raw material quality [ 4k} &
b. Redundant equipment and instrumentation comparability U434 8% 2 7T He ik
c. Personnel impact on process (i.e., shift-to-shift consistency) A 5%t T2 KIS Cln¥ER 2 | —i)

Critical and key input parameters and the corresponding outputs related to process performance and
product quality attributes are established during Process Design (Stage 1) (see Figure 1.1-2). At the
commercial scale, Process Qualification (Stage 2) batches are produced to confirm that the process
operates as intended and to verify that the Process Control Strategy results in the consistent manufacture of
product that meets its predefined quality characteristics. The Process Control Strategy should then also be
used as the starting point for identifying the process data/information to be included in a CPV plan.

5 T2 REAN ™ it o B ARr M S B0 S B i N S ORI 2 A L E T 25t b (BB D#fE (LK 1.1-2)
FV A, AR L EHAN (BB 2) fit, PUESE L2847 FUHEOKR, IR se T2 5ng a]
R A P G TIUE T RARFYE IR 77 i o T2 SR B REAE R R IR CPV iR e R 5 )
ZHRENE B

5.1.5 CPV Monitoring Plan

CPVHE#THRI
Routine sampling will generate some data for the CPV Program, but non-routine sampling should also be
considered. The sampling/testing plan moving forward from Stage 2 into Stage 3 should be a dynamic; it
needs to be updated and reviewed periodically. An enhanced sampling plan (that may include both off-line
and on-line analyses) may be required to ensure that the appropriate data set is collected. Since the PPQ
Protocols already specify those process parameters and attributes (inputs and outputs) that must be
maintained within the specified ranges in order to make a product that meets predefined quality attributes,
the PPQ sampling plan is a logical foundation for the CPV sampling plan. PPQ may provide sufficient
assurance that certain parameters are well-controlled at the commercial scale and do not need to be carried
forward into a CPV plan. A biological process, for example, requires sufficient clearance of a process
residual (e.g., antifoam) or a process-related impurity (e.g., DNA). These may be successfully
demonstrated during PPQ batches, eliminating the need for ongoing sampling and testing during CPV. In
cases, where either historical data are limited or where the data show a high degree of variability, testing
and trending may be required post-Stage 2 to ensure a high level of assurance that a particular impurity is
well-controlled. This should be determined on a case-by-case basis via risk assessment and/or statistical
assessment of historical data.
B IRAF B 2 B IR T CPV ih ), H =5 R AR R AUURE o BRURE/I K TRl 2 sh s 1 ety i
B 2 wisE I B 3; JFRLE WIS M A% . — NSRRI AT [F) I ELARAE AN B Ze A D) AT
PRAUESCEE BE L 3 . RO T2V RERA A J7 28 O WIS S i ZRORFFAE — 8 JE LK) L Z 240 o &=
FRrE G AR, DU fF & 0 B e, T Z2MERes e RIE CPV BURE TRl 2 4
Fefilte TZMEREMIN AT SR RIE, KA NS B RIFZEE, AHEHA CPV iRt . i4n,
AT ZERATERR L Z5RE (FIHasiEsD ST 2R (Bl DNA). IXA]7E T 2V RErf
W RNIESE, AT EAE CPV I 4RZEIURE AN . 2 Py se 04 A PR B s B AR B, BB
2 Ja N ARSEIEATHURE A S AT, DLIE - ORUEDE — g A% 2 B . X NAR S EL A Dl o [
SR ) RS VA F/ER G T 43 BT i e

The prospective CPV plan should provide specific instructions for analysis conducted to a limited degree,
and subsequently discontinued once a sufficient number of data points are accumulated to determine
process control. The number of batches sampled and the frequency of sampling within a batch should be
stated in a Stage 3 enhanced sampling plan. Depending on the data generated, samples collected and
analyzed for information only (FIO) should have a designated end-point. A more open-ended approach,
where no specific number of batches is identified, could be used to address data trends and results. A plan
that describes an approach to reduce (step-down) or increase (step-up) sampling and testing as a result of
trending and results is also an option.

T CPV i R RE SR BAR UL, #5370 bfr kAT 3 — @ R B2, — B B R W Ba i e L2245,
Rl . BUREIE M — Y BURE SR SEAE B B 3 3G s BURETH R i B o AR = 2R i cdls, AT
2 H BB BRI 73 B B i 8 2 e — NI 777, AEILERILR, AT T Es
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5.1.6  Data Analysis and Trending

AR TS
The CPV plan should clearly state how the data collected will be analyzed. In some cases, it will be
compared to pre-defined acceptance criteria, especially for those data that are tightly controlled (e.g., a
gradient elution slope for a critical column chromatography step). In other cases (e.g., unit operation
yields), data may be statistically assessed to evaluate process trends. In such cases, the statistical methods
and rules used for continued process monitoring should be specified in the CPV plan. Control charts are
commonly used to evaluate process control over time. They are appropriate for both evaluating statistical
process control and for detecting process trends. Under CPV, control charts are generated and evaluated on
a per batch basis (see Section 6.2, Statistical Analysis Tools and Appendix 8.1, Statistical Methods for
Determining the Number of Lots for discussion of statistical data analysis).
CPV -4l Wz 375 4 1t WA WO OB AT BEAT 0 Ao AERRMEDL T, AT S HUE R TR 2 bR ELAL, 40
X TP AR B (AR (i B — MR EE BRI T 2R 30 . Sy — M (L) 2, Tk
ITEARI G i, PG L2, B AR CPV tHRII s i RFEk T2 ) givt T/ . @
AR EPEAG — BON ()5 240, G T gl i ism], DRI T ZES . R
CPV ZisR, UL NEEREE ST ARG (I 6.2 580t Hr T EA % 8.1 7 2 Zi it Hm o r
IR G T

Establish prospective criteria to ensure that the process is in a state of control. However companies define
it, an “out of control” result (e.g., Out-of-Trend, Out-of-Control, Out-of-Specification, outside Action Limit)
should trigger actions per the Quality System (e.g., investigation, impact assessment to validated state).
Specific actions will vary on a case-by-case basis, but the CPV plan should specify what types of action.
Section 6.0, Tools for the Process Validation Lifecycle, describes the tools available to address trending
statistical trending and SPC, along with risk-based evaluations.

B2 ST RTREVEARHECRIE T2 T 23R &G AEARWME e, —MEEEHEERE R g
Fobbr . B IEHIIR . KIS FkEhR . B AT R AR YE TR A R RBUTE) (i, X
RIS 731D o REVAT SIBE R AARAF A R T A, AERAE CPV TR i B AT 3. 6.0
“HT LEEEam AR TR, ik 7 HTaBGH TG R m K T H,  RigE& KR
i X L T H

Section 5.1.4 covers, sources of process variability that may not be parameter-related (e.g., raw materials,
personnel, and environment). As part of the overall CPV assessment, high-risk potential sources of
variability should be risk-mitigated, and also assessed and demonstrated to be under control. Trends in
purity for a critical raw material, for example, may indicate subtle differences between suppliers. Even
seemingly innocuous changes by a supplier may lead to out-of-trend or out-of-specification events. These
should be evaluated in light of overall process consistency and product quality.

5.1.4 s TAESEAEOC REL ANSRIRED 1 T2 RIE. 1ENEA CPV P I— &4y,
T2 AT, ey DRI A2 A SRR 1) XU, VAl 75 0 b T T 42 1 o 451 oo S B SRk ) 40 FE BEA T 340 7 5
A REF AN BERL R RIS 2200 . BIMSE R TR RN R N AR B, T e S B0 AR Bk 56
S5 REbR . N A T2 — SO i 5T R A S AT VA

5.2 Incorporation of Feedback from CPV Monitoring
CPV =g RIS

5.2.1  Quality Systems and CPV

B EAA RS T EHIE
The best tools for continued confirmation and refinement of process control are the quality system
elements that provide feedback and objective measures of process control. The tools are based on product
and process understanding, and are enabled by procedures that monitor, measure, analyze, and control the
process performance (37). Once in commercial production, maintenance of the validated state requires an
events-based system of review, in addition to process trending described in Section 5.1, Establishing a
Monitoring Program. Communication of review outcomes to the manufacturing, quality, and regulatory
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stakeholders to modify the control strategy (for improvement and/ or compliance reasons) is an iterative
and essential part of the CPV. Feedback mechanisms can vary between immediate (intra-batch or real-time),
after each batch, or after a series of batches or a defined time period. The CPV Plan should address when
each of these mechanisms should be used.

Xt LR BEAT RR SN AL 1 B o TR RS IR SR BUF M PF I T Z M R AR R TR
R T R TX  TZHB AR, JRE AL M. AR T ZMERERE R SEIl (37D,
—HARTREAE T, BT 5.1 WA @B, X CRIPIRS R IE TR N T
PRSI RS, JRESL IR A R DL AT T o A a5 R AT 0, BT i 3
i O~ TR EABGERATE), & CPV [ —ANEEMIBEAE o SBHLEIRT LRI (A B
) S B RIS B — BN R 5 o CPV 1K 1 B 5 Foft S I ALl 2 2E ] A SR o

Figure 5.2.1-1 depicts sources of data that contribute to continuous improvement of a manufacturing
process. While not intended to be an all-inclusive list, the figure shows typical categories of data associated
with product production and performance.

1 5.2.1-1 FiiA T F TRl A 7 T IR . SRS RIS 9, R R T S54RI
ZVEREAH R A B R R 2

Figure 5.2.1-1 Body of Knowledge and Maintenance of Process Control
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5.3 CPV Data Review and Reporting

RETZHESESEE. RE
The CPV plan needs to include a frequency of review of the information from data collection mechanisms
as well as Quality Systems. It should also identify circumstances for, and a process to allow for, an
immediate review based on significant issues identified with a process or product, and identify the
participants in the review. Per ICH Q10, this review must include senior management. They are key
stakeholders in the maintenance of an effective pharmaceutical quality system and advocates for continual
improvement.
CPV 1l 75 E 3mSR LA BT AR R TR 1515 BBEAT 8 L A, S 4 IR LE 155 100 75 32
B T2 il i) — S E R ) AT PP, DL RE P . 2 5PFH A, # ICH Q10, %
AL IESE R R E N G ARG — DM WA R, FFRFSESE R A A
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The frequency of data review will depend heavily on risk. The period of review for various processes and
sub-processes is likely to vary greatly depending upon the levels of associated risk and the complexity of
control. The starting point for defining the review period will be the most recent process risk
communication document. As more production data is generated, deeper process understanding is gained
and control is likely to be more easily demonstrated. Thus, the period or intensity of review may be
reduced.

Kl o AR S R KU K/ o AN T 2R T BT B JE 30 DR RS FA) 7 T A s () 52 2 A2 B T
AR RER FH o L2 ya @ S, WE YR . BEE AR BRI A, T LR
B, X LEA LR, AT BV e A e .

An annual commercial data compilation effort in preparation for Annual Product Review (APR) may be
sufficient. However, more frequent data reviews and comparisons to defined acceptance criteria may help
manufacturers be more proactive and less reactive. APR packages are necessary, as per regulatory
guidelines. However, APR exercises are likely to become high-level reviews and summaries of multiple,
more frequent CPV data reviews. The APR will identify any gaps in the CPV data reviews and will
summarize long-term trends, but more frequent CPV data reviews should be performed by the
manufacturer at defined intervals.

R P e b A 7 B S R R R L TR IR B VR R (HE IR B %, IR S RE
AR SZ AR LU T A 7 i S LA A AR e o ARIEVE AR, SRR f 5T R [ A o6
f, (HAERE [ BT BE AR okt 22 B . AR CPV Hia 1P i BhAT 0 B8 i — ZUN IO PP e AV o SR
st Jo B (BB AT IR 5] CPV A 1P 8 Hh R B I, Y S A a3, (B A 7 o IS R 5 I ) ] e P kAT
FEAREN CPV B VP

Note: FDA 21 CFR 211.180(e) requires an evaluation at least annually. The periodicity of the review is to
be established by the manufacturer, but should be at least annually.

7E: FDA 21 CFR 211.180 (e) ZERZ/DRFEFAT— MNP SR BEAEZEE, HENE/DREE
AT — R

HIZHARKIEREE GMP EBHIEAT &



6.0  Process Validation Enabling Systems and Technology
EHTH R LEAR T ERAE

This section presents tools and methods to assist in the planning and performance of the process
validationprogram. It includes sections on risk and knowledge management, statistical methodology,
process analytical technology, and technology transfer. These tools can be used to identify, capture, and
communicate information needed for the design and assurance of process control.They facilitate informed
decision making,prioritization of activities, and interpretation of results related to the process validation
effort.

A F YR TR S T 25 uE S A TR . ARG AARE R, Gtk JEs
PTEORMEAR R ST . XL T HATHT450 . SN R TR0 ORIE T Z3EHrE S . H
AT REEN TZWAESE . #i TZRIEmfe, JFx T E0IERCR G & B R MR .

6.1 Application of Risk Management
PR 2 £ S

This section addresses aspects of risk management specific to the process validation lifecycle approach.A
detailed explanation of a Quality Risk Management program used to support the process validation effort
can be found in Section 5 of PDA Technical Report No. 54: How to Use Quality Risk Managementas an
Enabler (13). In addition, comprehensive lists of risk management tools can be found in PDA Technical
Report No. 54 and ICH Q9. For a comparison of risk management tools, see Technical Report No. 54,
Table 4.2-1: Comparison of Common Risk Management Tools.

AN T LG UE AR A 0 B XU B AT AN T T R IA . F T SR L Z IR SUR ) X
W B VE LN AR RE TE WLPDA NO.54 HORFR I 28 Tu . W] 7 280 B F BT e KU 8. 34, el
1 AR B T B8R T ILPDA NO.54 BRI AMICH Q9. RS & B T HL %S EL T IUNO.54 AR
W, K421 F RS E B T AR L

The Quality Risk Management system is an “enabler” or “enabling system.” When correctly applied,it
adds supportive elements to the product lifecycle and other systems (e.g., the Pharmaceutical
QualitySystem). The application of risk management principles and approaches is instrumental to effective
decision-making in the Process Validation Lifecycle.

i AR E B R G — R R B R R . — HIEMIRIH, Regh 7= i AR A HA R 4t (4
e AR ARG WA M RSEITER . XS B AN AN A B L 208 E A a0 o
A REERHITE Ko

Management of variability is one example of applying risk management in the validation lifecycle.The
level of control required to manage variability is directly related to the level of risk that variability imparts
to the process and the product. The use of risk management to address variability requires understanding
of:

X AR B [ S A AU A i S S0 e N P KU B A — MBI o 0 AR R B PR R KT B AR R
TN AR KPR G o P RS A BN AR B BEAT 425 1) 50K DA T 7 TTEAT T A«

*  The origin of the variability
A )RR

*  The potential range of the variability
A B F] e T

*  The impact of the variability on the process, product, and ultimately, the patient
AER T E P i E 2 NI

Risk assessment should occur early in the lifecycle, be controlled appropriately, and effectively
communicated.Risk Management increases product and process knowledge, which translates into greater
control of product and process variability, and a lower residual risk to patients.

[N ) VATE 2 e S A1 7 VAT R 1l B ST € o R v = T b D e BN 0 8
figg, IXRPERAEET DAL i A0 L AR B S AR, n] AT e R R XU o
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The process validation lifecycle provides continued assurance that processes will manufacture product in a
predictable and consistent manner. Where decisions related to product quality or process performanceare
made, risk can be assessed at several points throughout the process validation lifecycle.

TS AL T RO AOIRAE, I L I BUE TR P . 240
57 R Y o T Z R R O, SRR 1 A A P AT LA T
B

Quality Risk Management applications throughout the process validation lifecycle include the
following(see Figure 6.1.1):

Jo R RS N B A TR e Y, BAELACR 5T (R EIR6.1.1)

Stage 1 — Process Design

FIHrB-TZ 8

* Identification of product attributes that may affect quality and patient safety

SO o R R N 22 4 (A7 i e P ) 262 5]

*  Criticality analysis of product quality attributes (CQA identification)
7 i o R S 1 [ SR 3 AT CQA KD

*  Cause and Effect Analysis or Risk Ranking and Filtering, which link the process steps and parameters
to process performance or product quality attributes. These can be used to screen potential variables
for future process characterization (e.g., DoE) and testing.

FP L ENEREEG™ i 5t P 1) T 200 BN T 2 S 4075 BRI SR 20 A XU A i A ik . 3X
FERT DGR AR CZRRIE (. DoE) A HIAFLE 1 ] e AL & .

*  Preliminary Hazards Analysis (PHA) or early FMEA
VI faE T (PHA) S HFMEA

Stage 1-2 — Transition from Process Design to Process Qualification

BB l-2— T Z B TERANER

*  Determining process control strategies that address the risk of failure for each process step
WA T Z DI, DA E o A 42 ) SR

*  Evaluation of residual risk remaining or created as a result of risk mitigation, process improvement,
and processknowledge

PRARHEE XS B, T2t . 201 B B A XU, Bl ™ A e XU

Stage 2 — Process Qualification

BE_HBR—TLZHI\

*  Determination of process steps and parameters to test in PPQ, including sampling plans and the
confidence and coverage they provide.
T e PPQHH IR L T 208 RN T Z S 4T EAR N, A0 FH BORE T RIAN UL ARSI S T &

*  Facility and equipment impact assessments to prioritize qualification efforts [may want to reference
ISPE Baseline Guide (34)]
VA AN R 52 M PR VTG 0 58 T PR RESAIE. (T LAZEISPER AR (34) )

*  Determination of effective acceptance criteria for each test function

i RE A S RE M AT R HL RT3 52 (1 b

*  Analytical test results and deviations
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Stage 3 — Continued Process Verification

BB T ZERIE

*  Determination of parameters that should be monitored as well as how they should be sampled and
analyzed(e.g., sampling plans, confidence required and length of enhanced sampling).

€ T E AR S HL IR LIRSt D5k (B, BURETHRI,  EORRACER AN 5 R
{OYESE )

*  Evaluation of commercial manufacturing data to determine the best course for process improvement

PG AR P e DARERA 22 B () T 2 ot i e

Figure 6.1-1 depicts a quality risk management lifecycle tool for process development and validation (21).

BI76.1-1 FIFEEN S B L i R TR LIRS T T ZTF K IR AR #8

Figure 6.1-1 Quality Risk Management: A Lifecycle Tool for Process Development and Validation
KIZE 6.1-1 i X B F T L 2T RS E A o A 1 TR
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6.1.1 Risk Management in Stage 1 -Process Design
R B E— B — L 28t

Conducting risk assessments during Stage 1 Process Design lays the groundwork for variables to be
controlled and monitored. It also determines the extent to which continued monitoring will ensure a state
of control during routine manufacturing. This begins with a criticality analysis: an initial definition of
Product Quality Attributes and an assessment of their relative importance. Inputs for the criticality analysis
are:

FEE — By BUL Z B vHYITRIAAT WU YAt Dy ] g P A 4 A S ot 2 o R tRoE RREE I A2 N AZ AT
B AL A AT LAGRIEH LA Rk A A TR HIRES . X — DI SRBVEREEE MO0 7P iR
P BT 8 B A R MRl . B EERE L A N B3 -

*  QTPP (quality target product profile)
QTPP CH A5/ fir i B L)

*  All relevant prior knowledge for the product being evaluated

PG i 75 22 BITAT LARIT A9 0R

*  Outputs from the criticality analysis are:

RBEVEREEE M I H A

* Initial CQA list
BRI ) B T BJ E B1 2R

* Initial relative severity listing of the CQAs

SR o B P AR T A SR EE A B R

Criticality of product attributes is assessed along a continuum; i.e., it not a yes or no question. This is
accomplished by performing a risk assessment analysis that uses Severity and Uncertainty, rather than the
usual Severity and Occurrence. The process, which is iterative, is based on building product and process
knowledge. The level of severity assigned is based on the potential patient impact, while uncertaintyis
based on how much information (product knowledge and clinical experience) is availableto determine the
potential severity level for the specific attribute. Part of the output of this assessment will be further
scientific studies to reduce the amount of uncertainty for higher risk attributes (21).(See Figure 6.1-2,
Product Attribute Criticality Risk Assessment Example.)
77 it JE I R SRR T — MR VPN A R AR T AN S S B AN e o T R B X
WS VP AL 73 BT AEAE IR, A P BN s 1, T AN el 6 1) 7™ B PR A Ak A T R 1P A 204
IR ) L2 R AR 7 i R A P A 2 R OR A A A o 7™ A AR A o o3 N PRV E RE A R A, RIS
AN 58 P AR AR A T AT 1R 7 ot SRR PR 22 36 1) 22 2 SR ke g 24 AR IR SR PR VB AE P B AR . %30
I3 VTAS B0 20 it 25 SR T B il — B IR A B TR D XS B A e B E (2D .
CVE WL EIE26.1-2, 7 f oo B e v g UG Ak 51 )
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Assessm
Figure 6.1-2 Product Attribute Criticality Risk Assessment Example
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6.1.2 Risk Management in Stage 2 -Process Qualification

R B M B— L ZHA

Risk Management in Stage 2, the process qualification stage of the process validation lifecycle, is much
more tactical. Assessments assist in deciding where tests will be performed and at what level. They are also
used to fine-tune the control strategies drafted in the Process Design stage.

DG B AR BB, L2 A i I ) L2 B AT S 2 R SREE . PR AT DL B AR
L EHIAT 2B B s BT A A Zo Bk . R LRS- 0BT Bir B T 22 ) SR HEAT T

Risk management is commonly applied during the Facilities, Utilities, and Equipment Qualification
phaseof Stage 2. Functional specifications are reviewed to help plan qualification activities. Higher-risk
itemsrequire a higher level of performance output, while lower-risk items can be satisfied by use of
commissioning activities with appropriate risk reviews and control. Risk assessment output ratings can be
applied against standard criteria to create the plan (see Table 6.1.1).

FESE B BOHOAES < O PV AN 5L 8 B WA IE 5 o BEAT URG 7 BE o M) FH 0T T RE U3¢ B F) o A R 355 B -l
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Table 6.1-1 Risk-Based Qualification Planning
* 6.1-1 HT RN TR

Risk Assessment Qualification Planning
Output Ratings i Ly
M B A Y Fai 1
i
High Testing to satisfy validation requirements will occur during qualification.
F=a Documentationand sampling requirements are high.
TEIUILFE T KA iy B A 2 T AT i K s AL IR R R
E o
Medium A blend of Qualification and Commissioning activities can be used to satisfy
I validation requirements. Sampling requirements are moderate given
appropriate controls and riskreviews.
77 BRI i RN A F UEHT 77 K e AR TR 2 19 72 7 P
HER) I, IR 7 K938
Low Testing to satisfy validation requirements can occur during commissioning
lin phases.Appropriate controls and risk reviews should be in place.
VIR i 2R M LA A2 B B o 3 2 P2 ) R ot 5 2 I 1 48 A
X

Risk assessments performed during Stage 2 not only help prioritize qualification activities, but also aid in
the ongoing collection of knowledge and the planning of statistical sampling. Generally, threefactors -
Severity, Occurrence, and Detection (also known as controls) - are evaluated to determine the relative risk
of specific failure modes. Each factor contributes to the validation plan in a different way.

FE 5 B B AT MBS A AME T B S shHE AR Je e, 3 T AR SEWCER RnIR I i € Ge Tt
Rl —RIME, A=ABER----EE, KRNI (W AFONERTTER) TR A e
B SRR TR AR S RS o B BT 20 AIE THRIE AN R 2 AL

Severity —Determines the level of testing required during Stage 2. The higher the severity rating for a
particular attribute, the higher the statistical confidence required (see Table 6.1-2).

FEE—ER N BRARNSS . X TREKEE, PRSI, BREERNSATEGER.

Occurrence —The occurrence rating is tied directly to variation. High Occurrence rates may require
further testing or development to reduce variation and increase process knowledge. Testing at this stage
reduces additional and more costly testing during Stage 3. When the true occurrence rate is unknown,
additional development or engineering studies may be required. When testing is complete,the occurrence
ranking and overall risk rating for the failure mode can be updated with the new process knowledge.
KRR R HEM K R E R B R I s 7T LAgs N BT D e L
FR e I BRI AT LR D B =B B AN A ARSI o 2 LS R AR AN TN, T B
AN AR TR FT . Al 58 e, IR ISORRE 2 FR) A T P P 0 il AP 4 T XU T 7 e AR 408 8T )
TZHIAM AR,

Detection (controls) —If the level of assessed controls is zero, the control strategy may need to be
updated or new controls created. Controls do not have to be technology-based. The HACCP system is an
example of a control, as are procedures and training.

FREINE (AT - QR DAL B G0 0, 2 1 SRS 7 BT SR B S i R T i 4%
JNEFEA— 8 EURHEAA . HACCP (fs T 43 T A1 G BR8] 10D JRGuagt /2 A Azl ity — A7
AR AEI
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Table 6.1.2 Severity Rating and Sampling Requirements
% 6.1.2 ™ E MU EOR

Risk Severity Rating Statistical and  Sampling | Example Confidence Level
JXURS: 7™ B Requirements Required

Geithir B 2K ThRE A5 PR PO 125K
High 7= +++ 99%
Med ++ 95%
Low 1 + 90%

6.1.3 Risk Management in Stage 3 -Continued Process Verification

BB RKSEE R T ZHE

The Continued Process Verification stage is the longest segment of the process validation lifecycle. It
starts with an assessment of process capabilities and continues through a review of the output from process
characterization, PPQ, and historical data. The level of enhanced sampling that may be inplace when
commercial manufacturing commences can be determined by a statistical review of the PPQ data. The
capabilities of the processes help determine the level of enhanced sampling for an

attribute and the length of time that sampling should continue at that level (see Section 6.2). The statistical
capability of the process is directly tied to the occurrence rating in the risk assessments. The more robust a
process, the lower the occurrence rate for a potential failure and the lower the overall risk to the process.
The level of risk can also determine the review period for certain product and process attributes (14),

Frek LM R L EIuE A A b e K — N7y . HITER T L Z R TEAL, @i TZ
RAE PPQANJT S Hidis 1% HH I B AR PR RE RS o MR AGZE P2 FE U6 2 Fh W PPQEIH 1) H A% ff i
AR, 7R BRI AR 77 3. T ZIRE 0T AR Bhih & 5 — SR PR RN s BUCRE O 200, I
ORFFZ IO RREEI ) (PEL6.28840) o FEXR A 2, LZMgiih 2 E LSRR EE
K. LZ#iaE, BAERSEAKAERSEA, T2 MRBAC. RS KSR AT DA E —
SE 7 A L2 S P A R R 3

6.1.4 Raw Material Risk Management Considerations

JEORIZ IR B R I

Sources of variation should be understood, and where possible, mitigated for process validation to succeed.
In this context, using quality risk management to assess raw material quality and the potential impact on
the process is important (38). Risk identification through focused risk assessments is the first step toward
attaining the desired level of process control from both a risk-to-patient and risk-to-business perspective.
The assessment identifies risk in relation to the raw material, and how it could impact the process and
quality of product. The number and complexity of raw materials used in pharmaceutical manufacturing is
quite large, and all potential issues (e.g., fraud/counterfeiting) should be addressed in the management of
raw materials and components.

AL EIUE R % 1, B A AT e i > TR R RISy . FEIX BT i B, H R e X
W B2 VP R B A T2 RS R R LA (38) o il SR UG T it 45 21 A XU, 25 531 22
BRAGTI N FRD XU AT 7 ML g JRURS: T 7o e XL ) s AR ) T I B I 55— 28 o KU TPl R0 5
JEORMZ ARG A, DL R an AR 2 me T 2= i i 700 AR 1 JEORE 24 O B A B 2R AR
FEARRH, T HFTE REAE I (a0, BRImEURE D SR SR B 23 B B TR A 18

Risks-to-patient should also be addressed during commercial production. This can be done, through a risk
assessment process that builds on current understanding of risk and process knowledge, combined with the
Continuous Process Verification Program. QRM is a lifecycle process, with ssessments that occur
throughout the lifecycle of the product.

FER AP A, X9 N FR XUt 2R i i o e o 2 37 A =2 i XU A T 20 kR R XU P i A
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Often subtle changes in raw materials can lead to significant and unforeseen variations in production.The
cause of a change in elution profile was lot-to-lot variation in particle size distribution in a
chromatographic resin(39). Applications like Near Infrared (NIR) or even Nuclear Magnetic Resonance
(NMR) can be used to ensure that raw materials meet their specifications and CQAs. An important risk
mitigation strategy is for drug manufacturers to work with their suppliers so that each can understand the
other’s quality systems and demands.

T JEUR R0 Tl 38 B 2 51 7B 7 it ) S B P R UL AR e o 5 I T 2 B A 0 S 81 2 22 i AR AT
HORLAR AT IR AR A . BT LEAMETE (NIRD) Bl — 0 FI ARG (NMR) 7T DL (R SR AF &
FURE T WIbRAE AT OGS ot B P o — A H SR R D IR Y SR o 24 i A o AT TR B R & 1, 31X
FER K ERRENS B L ) ot 5 RGEANEK

6.2 Statistical Analysis Tools
gttt LR

Successful process validation depends on sound, scientific data and information. Table 6.2-1 illustrates
where various statistical methods are most commonly used in the validation lifecycle process. Three of the
methods - Design of Experiments, Statistical Process Control, and Process Capability - are described in
more detail in the sections that follow. Additional information on statistical methods can be found in PDA
Technical Report 59: Utilization of Statistical Methods for Production and Business Processes as well as
Appendix 8.1 of this technical report (14).

RO T 2BRUERYE & 3R BHEAREIRAGEE . BIER 6.2-1 [ 83 7 7E50IEA: iy i 1 F2 vt ks
MBS MR G T T7 % Hoh =Morik—Einiit, TZEHIGH il T2 —1Es Tk
M E AT YRR TE 2 AT . Gt UER) HARE B W PDA HoRHRE 59: 77 i AR b A AR 7 g
MBS 7%, IABRIRE 3 8.1 (14) .

Table 6.2-1 Statistical Methods and the Typical Stages at Which They Are Used
KK 6.2-1 Geitor A 2mn HAE F RS e B,

Statistical Tool
St TR

Stage 1 BBk
Process Design
T Z it

Stage 2 % BBk
PQ
PERERAIA

Stage 3 =Bk
CPV
PR T2 960E

Descriptive tatistics — Mean,
standard deviation, etc.

MR G —F E, trif
W ZE55

X

X

X

Statistical Process Control

Charts
T2#Ewgi K%k

Statistical Power and Sample
Size Determination

g it BE UM oK/

Process Capability Study and
CapabilityIndices
T ZREIWH A RE IR %

Design of Experiments
Sl it

Measurement Systems
Analysis (Gauge R&R)
Kl R Gt (B R E I
SR
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Statistical Tool Stage 1 ZF—B B | Stage2 % —FirB | Stage 3 FE=FEt
giit ot TR Process Design PQ CPV
T&w PHERERIA Fre T2

Robust Process Design /| X
Tolerance Analysis /

Taguchi Methods

T 2Bk Az e i 2k
Sy T 5

Multi-Vari Chart X
EZ

Regression and Correlation | X
Analysis
a5 5 A 5% M

Analysis of Variance | X X X
(ANOVA)

T 258 (ANOVA)

Levene/Brown-Forsyth, X X X
Bartlett, Fmax  Tests for
Variation

F1) SC 1A B -4 28 BT, LR 3
¥, FmaxilliAs 1k

Hypothesis Tests /X X X
Confidence Intervals

R ek g/ A5 X 1]

Pareto Analysis X X
TS 70 B

Acceptance Sampling Plans X X
St R

Normal and Nonparametric X X

Tolerance Intervals

IEH I AHES B VX 1]

6.21 SERBIT

The statistical design of experiments (DoE) is a powerful tool often used during Stage 1 Process Design.
Goals of DoE are to:

SEGW R AR A A TR, SFIE TR 1 B (2% . SEiwtn B s
e

*  Determine which process input parameters have a significant effect on the output quality attributes
WE ML T ZSHEmA) RN Gat) A 2EPm.

*  Help determine the “design space” levels of the input parameters that will produce acceptable output
quality attribute results
s Bt e ge AR PR R R R A5 IR R EIA KPS

*  Optimize the output of quality attributes, such as yield and acceptable levels of impurities
el A2 o & JE v R s (s P2 B AT 2 [ AR LK)

*  Determine the levels of input parameters that will result in a robust process that reduces its sensitivity
to parameter variability
€ e f T 28R RafE (b T2 RBURIEAZAL) RS ASEUKT.

DoE differs from the classical approach to experimentation, where only one parameter is varied while all
others are held constant. This *“one-factor-at-a-time” type of experimentation cannot determine process
parameter interactions, where the effect of one parameter on a quality attribute differs depending on the
level of the other parameters. The basic steps for the DoE approach are summarized below:

KIS WA AR TR G LI T, ARG SRR ITER A R A SRR, AT 2 R
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SR B AR S HUR ACE AR AN E] o SREG BT EEA B BRI T
1. Determine the input parameters and output quality attributes to study.

T 58 7% T TE B NS BON i S B0 B R Ak

a. This is best done as part of a team approach to identify potential critical process parameters and
quality attributes; in many cases, the process may be well-understood and the parameters and
attributes for experimentation readily determined.

BT LR R T AE S8 T 2SO B &R R N 7 VAR — 8670 IXFEAE R ZHUF L
N, LZReh o BAR, [FI R BT S L S HON R 2 R M 2 AR A D U

b. If there are a large number of input parameters, an initial screening design, such as a fractional
factorial or Plackett-Burman design, may be used (40). The purpose of a screening experiment is
to identify the critical parameters that have the most important statistical effect on the quality
attributes. Since screening designs do not always clearly identify interactions, the reduced number
of parameters identified by the screening experiment will be included in further experiments.
IMEMASEORZ, AERED: §7 B 7 st BUEAS B ST AT YR L (400, T
B H HE IR BT R A R G A R R O SR H T IR B R AN AR SR T T Y
VUM R B AR LA, BT DLd e 0k S Al s/ I S 80K A L 3 FE it — 2B i S

c. If the change is to an existing process, it is often valuable to construct a Multi-Vari chart or SPC
chart from current process data (41). A Multi-Vari chart can be used to identify if the biggest
sources of variation are within-batch variation, between-batch variation, or positional variation
(e.g., between fill heads on a multi-head filler). Variance components can also be calculated from
the data to determine the largest component of variance. Process parameters that could be causing
the largest sources of variation are then identified and included in subsequent experiments.

IR T MR, A% 280 T 2Z8n AT 2 oA B alds i) B Hr e AR5 A M E 0 .
% e 5o AT AT F T U R AR A SRR ity AR AL ) AR A B 2 7 B AR (it

—ANZ R AR 2L A AR T AL B AR . dlIE e T ST 22 0 R
T8 ORI > B8 ZITIENOR “ T 2 B Al . TTRES B KR K TZSHHiR
Ja et SRR SR ge .

For example, if within-batch variation appears to be the largest source of variation, then charge-in of
components done once at the beginning of the batch is not likely to be a key contributor to this variation.
Charge-in differences due to inadequate weighing, for example, could cause between-batch variation rather
than, within-batch variation. This simple but powerful tool can sometimes discover important yet
unsuspected critical parameters or “lurking variables” that contribute to process variation, even if they are
not initially on the list of parameters.

Bt nRE KA RN AL, B ALERLTIT IR — AR BIPR AN K AT B 2 220 ) 3 22 K]
o HITAREA LIS BORHZ 5 RS S E LA AR FE A A 38 Ak . 2 DR EE AR,
W RER I EE AR A A R B S E 2 B R CBERR” (RAREANIRVIIFANESHS
L IDP

The same data may also be used to create SPC charts to determine if the process is in statistical control.
Since a lack of statistical control will contribute to experimental error variation, it will be more difficult to
understand the results of an experiment if the process is not in statistical control. Lack of statistical control
may also mean that there are “lurking variables” not on the list of process parameters that are contributing
to process variation.

AT UG AH [F] f0) 380 2 42 il DR A E T2 R B TG HRE . M T k= St ishilk S8k
WEWE, FrUAUUIR T 2R TS HRAS, A LI gh RN 22015 A DLER A% .

2. Conduct experiment(s) to determine which parameters have a significant main or interaction effect on
the quality attributes.
BEAT 22 USR0S 72 W 6 22 Hiond ot B8 Ja 1k A i 385 BSE EL S
a. This will usually be a full factorial design for two to four parameters. A full 2-level factorial design
has a low (=) and high (+) level selected for each factor (parameter). At least one experiment is run
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at each combination of the factor levels. For two factors, 2° = 4 combinations exist; for three
factors, 2° = 8 combinations exist; for four factors, 2* = 16 combinations exist. Full factorial
designs are seldom used for more than four factors since so many experiments are required.
Fractional factorial experiments, where only one-half or one-quarter of the combinations are used,
are often done for four to six parameters.

b. axtT 2 2 4 MSH, HHEETHEE. —A 2 KPR ZE 2T TR RN B (250)
WA O Fm (B 2 MRS, ral KPR EA S, T —fH M
BT RS . T 2 AN T, B 22 =4 A T 3ANE T, aifedE 28 =8
Mty W 4ANRT, AEE 20 = 16 Bl G . 4N THHE 4 M, RASKA 54Tk 3
it BEOSTRERSEIRRBORZ o T 8670 B 7 SE 50 B S 96 U 75 A & 4 (BT 7K
PR EAE) Kl —, BrelaS83E0y 4 3 6 e, BN

c. If possible, control runs at the nominal midpoints (0) between the low (=) and high (+) levels of the
factors should be included in the experimental design. Using control runs at the beginning and the
end of the factorial experiment, and ideally also during the factorial experiment, will allow
detection of any process drift during the experiments. Control runs at the beginning and end of
experiments that do not give similar results indicate the presence of another uncontrolled variable.
Replicate control runs at the nominal values also provide a true estimate of inherent process
variation (called experimental error). In addition, these can serve as a basic check for a non-linear
curvature effect between the parameters and quality attributes.

d. WSRWETEE, FESEIGUCITRY, AR & B AR K 5 RAKER il 847 fERTRISE
R R A G R AT Emlis 4T (RS EAESEIG P TR 20, AR AR SER TR T 224
HIERS o FESRIRTT IR M SS RAEHB AT 15 B 45 RAS — BERWIFAE H AN AN ZAEH ARG o X bR
A HEAT 2 B K15 B T2 A R R HER A (FRy “SERRZE"). ek, X AT LAME
NN S HOR 5T B e 11 2 TR A 2 e it 2 2R — AN FE AR I

e. If possible, the parameter effects on both the mean and variation of the quality attributes should be
determined. Some parameters may affect the mean only, variation only, or both. This information
can be used to minimize the variation while optimizing the mean, which results in a robust process.
Standard DoE approaches may be used for this as well as the Taguchi method (42).

WRFTRE, I FESHO 5T & I AN AR AY (1 FH R R A I 3 . — Lo 2R L e X1
AR T, — S P A REm . A] DLE I X (5 BT AR /M, IR 3518,
DA A T 28 BIA RS . W DU I AR e A SE 50 et 77 vt w] DL I 75 7%

3. Optimize with response surface experiments and determine design space.

e A P 7 T A 7 v T

a. Occasionally, the science behind a process will be understood well enough to skip screening and
2-level factorial experiments and start with response surface experiments. If enough information is
learned from 2-level factorial studies, no additional experiments will be required and this step can
be skipped. However, it is often necessary to conduct more extensive experiments at three to five
levels for the parameters identified as most important from earlier factorial experiments.
/R, LZEEEMRR S 7, AT ERB R 2 AP SEie, BT an e B [
I AR 2 KT Rl SR IS TR AR B T R HIE R, AT EHATEONER, AP ] DLk
e SR, A SRAE S BT RS20 TP oA B Oy S HUEA 3-5 K, BT R TZ BRI 2
IR o

The goal of response surface experiments is to develop an equation that accurately models the
relationship between the input parameters and output quality attributes. This equation is then used
to determine the design space region of the input parameters where the output quality attributes
will meet specifications

WD S T S5 B H B2 7 — S BERE BRI A A S80St B B R PR T B R R T RE . AR
Je R R I AN 7 R A e B vk TR R N SO L A o B M R A

The most common response surface experimental designs are Box-Behnken, central composite,
3-level full factorial, and computer-generated D- and G-optimal designs (40). All of these have
experiments where at least three levels of the parameters are included in order to estimate
curvature (quadratic) effects. The Results are analyzed to determine regression equations to model
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the process with such computer programs as Minitab, JMP, and SAS (41).

H H FH IR S 18 7 #ri%2 Box-Behnken SEEGBcTH. HL R &SI BT 3 K4 12 A A
TRV D AR B A G s iiit. prfy LRSI pI S 20 B 3 ANK-F LUE
it AR RN . RS R 7 MR E [BH 7 AR, SRR (. Minitab. JMP. SAS)
IR BV 7 R 2T R (41,

b. Another aspect of optimization is to develop a robust process. The regression equations already
developed can be used to locate input parameter settings that are *“forgiving;” i.e., when the
process is run at these settings, variation in the input parameters will not result in unacceptable
variation in the quality attributes. The idea is to stay away from boundaries or areas in the
parameter design space where variation in the parameter will result in rapid quality deterioration.
This is accomplished by using the quadratic and interaction effects to minimize variation. The
Taguchi method of experimental design mentioned earlier uses a slightly different approach to also
develop robust processes.

AR 55— J7 T AL ASME R T 20, M S @i R A7 P 2 M A S H & e “ w
7, B, M T EAEIZBE FIBITH, SERMASHA S FEREE IR E AT .

c. The results may also be used to calculate the percent of total variation attributable to each
parameter. This is called a variance components analysis. The input parameters contributing the
most to the output quality attribute variation can be controlled the most tightly, made robust by
running the process at a particular level of the other parameters, or improved by a process design
change to reduce the impact of the parameter.

AR WA T AN SEOT SRR R A 2 L o SR ITIAR T Z 4 03 3 W . X o
Sy R LR (SRR S FN WA S 0 ) I el P PO RS N L e d i W 7 N: D Gl o 54 G
TR IZ S E S AL T 28 2R ER S .

4. Confirm DoE results

T € SRS BT 45 SR
Once the design space region for the input parameters that results in quality attributes that meeting
specifications is been determined, additional experiments can be used to confirm the expected DoE results.
This may consist of running a few experiments at various parameter combinations to verify that the DoE
equation adequately predicts the results. In some cases, where there is already good confidence in the DoE
results, Stage 2 PPQ results may be used. For further information on DoE, see Montgomery (43) or Box,
Hunter, and Hunter (44).
— B A SR E (REAERF S RUE R R R BihE, S A SRR A A SR 1
THRI TS R o X AT Al — RANEL (SMSEAHEAE) RAZ L LI AT TR RE A 70 TN 4 2R
FERHLEREILT, ARAESEI B A I BAE L, 56 2 BirBe PPQ MISs Rt T DI . S8 T S20R ik
it —BE R, W Montgomery (43) or Box, Hunter, and Hunter (44).

6.2.2  Statistical Process Control and Process Capability
gt EEHINE R

Statistical Process Control (SPC) may be used to determine if a process is stable, predictable, and in
statistical control. Process Capability is used to determine if the process is capable of consistently meeting
specifications. A process is considered stable or “in statistical control” when only random variation around
a stable process mean is observed, i.e., only natural, common causes of variation are present. Figure
6.2.2-1 illustrates a stable process that is in classical statistical control. Figure 6.2.2-2shows a process that
is not in statistical control and had a special cause of variation occur at lot 5.

it R TR e T2 0 W, TStk . SRERe 1 o T E
AR TR AT S ME . — NEREPOINRRESE “ T EHIRE” RIRiZI R AW E
SHRAE “REIRRME” I, R Ut RAEAE BRI R R AE . B 6.2.2-1 45t T — A
AT GRS R E S RS & . B 6.2.2-2 feos T — AR T AR ffEml &, HEs 5 41t
FEAERFIR IR A o
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Figure 6.2. 2 1 Process in Classical Statistical Control; Common Cause Variation only
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Figure 6.2.2-2 Process Not in Statistical Control -Special Cause Variation
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A more complex form of a process that is also stable and in control is shown in Figure 6.2.2-3. This pattern
is typical of many processes where there is variation both within and between lots, but the variation
between lots is in control. One purpose of validation and CPV is to determine both within and between-lot
variations.

—ANEERERE R TaiHEHRIRES) WHE 6.2.2-3. ZEIRIRZ WA LN AR 1 XA HitR3e
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Figure 6.2.2-3 A Process with Both Within-lot and Between-lot Variation
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6.2.2.1 Statistical Process Control Charts
I

Statistical process control charts are used to determine if a process is stable and in statistical control, or if
there are special causes of variation present in the process. The basic procedure to construct a Statistical
Process Control (SPC) chart to assess process stability is:

P B H THE AR AR E B T4 tHEHPRES, s 10 e AR b e AR AR IR AR 1L
R 2R B (SPC) SRS FRRE I I FEA DR -

*  Collect data from the process over time. Ideally, at least 20 subgroups should be collected, but

preliminary limits may be made with less data and updated as more data become available (40). Other
references, such as ASTM E2587 (45), have more detailed recommendations for the amount of data to
collect initially. Plot the summary statistics from each subgroup over time, such as mean (Xbar),
standard deviation (S), percent nonconforming, or individuals.
MR e B CRARF R P51 . Bie b, N2 DU 20 120, (HAHREI, el AR
D, RS 2R R AT X T R R SRR R, AR S5 kN : ASTM
E2587 (45) A HEVEAMMIEI . LA P26l TS gt &, . FEE (Xbar).
WHEZ (S). ANEFg R e

*  Draw centerlines at the grand average of the statistic being plotted.

DL Ay rhol E 22

Calculate the standard error of the plotted statistics and draw control limits at three standard errors on
either side of the centerlines. These limits are called “3-sigma” control limits.
THEZE G R bsE 2, EEEHIR (OO 2R N3 bRt 22 A4 bl B o 12428 i) BR % B AR
9 “3PUMEFL” IR .

Values that fall outside the control limits indicate that special cause variation is likely present, and the
causes for these excursions should be investigated. In addition to a single value beyond the 3-sigma limits,
there are many other rules that may be used to check for process stability. Of these, the most commonly

used are (40,41):
Hidha e 2 ) PR R AR P REAEAE R AL, BRI IR R R A . BRI Ah, W SR A AR 3 PE A% 3
PERIIRA, 702 VE 2 HAB AR RE IR S AN . X Se i U b fe 5 IR (40,41):
* 8inarow above or below the mean;
HESES AL ORI [R] —
¢ 2 outof 3 beyond 2-sigma limits;
3 A 2 FAE2PU RS LIRS
* 4 outof 5beyond 1-sigma limits;
5 A4 RELPU RIS IR AL

* 6inarow increasing or decreasing.
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Figure 6.2.2.1-1 shows an example of an Xbar/S chart for fill weight, where five vials from a singlehead
filler were sampled every 15 minutes over a six hour production order or lot, for 24 samples. Both the
mean and standard deviation appear to be stable, with no values exceeding the 3-sigma control limits. The
process appears to be stable and in a reasonable state of statistical control.

B 6.2.2.1-1 72— Xbar-S & &) 16T, Frh el 6 /AN BRI A 15 & s AERs 15 7l
X BRLVEERE SR BURE— IR, —IK 5 $%,Aﬁ24ﬂﬁ$ BE bR AEZE AR AL TR, A Edhk 3
POARFRIE IR . I A2 R IARE HAL T G HEHIIRES .

Figure 6.2.2.1-1 Xbar/S Control Chart for Fill Weight, n=5 per group
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Control charts can be used during all three validation stages for within- or between-lot data. During Stages
1 and 2, they can be used to determine if the process is stable and in control in order to commence
commercial production. Control charts are particularly useful during Stage 3 (CPV Stage). Special causes
of variation affect almost every process at some point. Control charts help identify when such a special
cause has occurred and when an investigation may be needed. As special causes are identified and
corrective actions taken, process variability is reduced and quality improved. Control charts are easy to
construct and can be used by operators for ongoing process control. They also create a common language
for discussing process performance, and can prevent unnecessary adjustments and investigations. They
encourage staff to be responsible for monitoring and improving their process, rather than just taking action
when QC test results fail.

P EIRE ] T 20 Hr T Z 90 R A9 =D B bt Py st Il 8 . 72565 1. 2 B BoaT UHT e ki e TE
e ke e 245 LME e 2 S I aa b A 77 7258 3 BB (RREE L ZHER BO = EIRrAa M. 22
AR IR S5 RE SR — AN 2 TP Re sz i B B A A2 o 35 ) P R 5 B e SRR S RUAAT I 2 e A, eIt
L R R SR R AT R A . ORI SR R R0 R T A B, e DL R R ] AR gl 1, 77
an LRI 1 TR AR AR, R RRES AR B AN R AR . ] B Dy igad
FERE IS | —MIEHTE S, PRl S A SRR A A . 2] B Sl A TR A e A T H
T, MARULALE QC Huke: K MUG REAT ) o

6.2.2.1.1 Factors to Consider in Designing a Control Chart
Bt BN FEERBRAR

HIZHARKIEREE GMP EBHIEAT &



There are many factors to take into consideration when designing control charts, including:
VT ERIER, AT ZHRGHESE, O
*  Characteristic(s) to chart
P B RHE
*  Type of control chart to use
i A% s ) P e Y
*  Sample size and frequency of sampling
FEAR R/ NFIRAE AT 2R
¢ How quickly the chart will detect a problem of a given magnitude
XA iE, FEm B 2 Pae I i
¢ Economic factors (costs of sampling and testing, costs associated with investigating out-of-control
signals, costs of allowing defective units to reach the customer)
ATFRER GREEMI AS, o i bl BRI A AT, FovF R 45 % 7 AN 4 i B BLAS )
*  Production rate
E s

6.2.2.1.2 Types of Control Charts

T E KR
Control charts may be used for both variables and attributes data. Variables data are those that are measured
quantitatively, such as potency, weight, and pH. Attributes data are those obtained by counting, such as
number of rejected lots per month and percent of tablets rejected. For variables data, it is important to
control both the process mean and variation, and both should be charted. A change in either indicates
special causes acting on the process that should be investigated. For attributes data, such as percent
nonconforming units or number of cosmetic flaws in 100 glass vials, only a single chart for the variable of
interest might be kept. A separate chart for variation is not necessary because the variation of attributes data
is related to the mean value; for example, the number of cosmetic flaws in 100 glass vials is usually
modeled by the Poisson distribution, where the standard deviation is the square root of the mean.
Pl B BE o] F T S A T F T R It s o B A R I e Ry AR I e, e R
HEM pH. JRIESEE R TSR B, e B RHE NG REBOR 2 AR R . X T E
Holf, Pl R IEAAR AR B, Rl 2 8 A B AR P AT AT AR A R B
AR TAEM, RORE. T EIERE (. AEig SR A 2 100 A/ 358 R ) 2 1 Bk b
) ATRAHRE AR T AR BT . — DR AR R, By RIS 5 ME
A% Biltn: 100 />R T ok BOEH FF kA oA, Hrdaka A bR EZE R BB 0.5
VIR

When possible, it is preferable to use variables data rather than attributes data. A measured value contains
more information than an attributes value, such as conforming/nonconforming. Control charts for variables
data have more statistical power and can use smaller sample sizes than attributes data charts. Although the
underlying theory for control charts assumes normally distributed and uncorrelated data, control charts are
robust and generally work well even when these assumptions are not met (40). One exception is for
attributes data with low values, which have a highly skewed non-normal distribution. Bioburden
monitoring is an example of a process with low attributes data values, where many or most of the data are
zeroes. Exact probability control limits use of the negative binomial, Poisson, or other suitable distribution
that might be used to prevent too high of a false alarm rate; see “Understanding Statistical Process Control,
2nd ed. (42). Additional information on control charts is provided in Appendix 8.2, Types of Control
Charts.

R AT R, A R AR T AN R s . B D R B R R A A E 2 RS
B FFEIARTG . THEAEEE A1 H] I R MR R A 2 ST Th R, B A E AR
RPN o BRI B Al PR AR BB BE L AP & IES 0, (BB AR &8 (BBl A
Fra B0 I, Pl B SR 2 e i i B e AR i b TAE (40D (HEUIRAE ) Ja PR HicHs & — 31
Gb, PRIONE R — A R AR RS AT . H R I RE S L RE - B2 00w
KRR M1 1o HERRR B P SO T A — 30000 A o VAR 0 AT BROHAT S IE 0 A, XA R DL e
BRI R # R 2  Understanding Statistical Process Control, 2nd ed. (42). 5T i & 5 £ (1145 2
FEMS 3 8.2 1| K AR R 25
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6.2.2.1.3 Process Capability

RS
Statistical process control charts answer the question, “Is the process stable and consistent?” Process
capability statistics answer the question, “Is the process capable of meeting specifications?” Process
capability is the ability of a process to manufacture product that meets pre-defined requirements. It can be
assessed using a variety of tools, including histograms and process capability statistics. The two most
common process capability statistics, Cp and Cpk, are shown in Figure 6.2.2.1.3-1. Cp measures the
capability of a process to meet specifications if it is centered between the specification limits. Cpk assesses
if the process is actually meeting specifications when any lack of centering is considered.
Examples of normally distributed processes with various values of Cp and Cpk are shown in
Figure6.2.2.1.3-2.
R R T “IRRIRARFRRRES ? 7 WAERE TS T AR ARSI R ARHEND ? 7. IR RE
D3RS A AR R A AT TIUE ZOR ™ S RE ) R DR A AL HE L7 AR R B8 0 0 BT ) 22 T
TTHEX AT VRS . feH I 2 MR Re /) giih-& Cp Al Cpk WL 6.2.2.1.3-1. Cp 2T & — NI AT
BRRERIRE S CIn SR e db AR RR BE 22 [ 018D Cpk WAl RE CH R A R OMER) 25
HEAFA R AR Cp Al Cpk R RIAEHIE MR ERM ) WL 6.2.2.1.3-2,

Figure 6.2.2.1.3-1 Process Capability Statistics C, and Cpy
& 6.2.2.1.3-1 iFFERE 1401 &= Cp Al Cpk

o _ (UsL-LsL)

P Bs

_ i | E=LSL) (USL-5) [ \where
Cpk—ﬂr‘i-'.-n 3 3

USL = Upper Specification Limit 4541 LR
LSL = Lower Specification Limit 4| 7R
X = grand average of all the data e
s = standard deviatior 2

Figure 6.2.2.1.3-2 Examples of Process Capability Statistics C, and Cpy
&l 6.2.2.1.3-2 ARG THE(C, M Cu)HIFIT
105 USL
104 |
103 |
102 |
101 |
100 |
99 |
98 |
97 |
96
95 LSL
Cp=2.0 Cp=2.0 Cp=1.0 Cp=1.33 Cp=1.33
Cpk=2.0 Cpk=1.0 Cpk=1.0 Cpk=1.33 Cpk=1.9

If the process is in statistical control, the standard deviation (s) used to calculate Cp and Cpk in Figure
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6.2.2.1.3-1 is usually based on estimates derived from the control chart for the standard deviation or range.
These estimates of s will not include between-subgroup variation that may have occurred in the mean. For
an individuals chart where n=1 per subgroup, the standard deviation is usually based on the moving range,
which minimizes the effect of between-subgroup variation. If the standard deviation is calculated by the

2

familiar equation > \/Z (% =x)"/(n—1) of all the data combined, this estimate will include
between-subgroup variation, such as between-lot variation, and the indices are then called Pp and Ppk. If a
process is in statistical control, there will be little difference between Cp and Pp or between Cpk and Ppk.
If a process is not in statistical control, it is difficult to determine process capability because of the lack of
process stability; see Figure 6.2.2-2. If a process is not in statistical control, Pp and Ppk are preferred as
they include variation due to lack of stability. However, this practice is somewhat controversial; see
“Introduction to Statistical Quality Control, 6th ed.” (43)

AR R AL T GRS, 8] 6.2.2.1.3-1 g T35 Cp A1 Cpk BB 1H 2 ()il 1 FH 2 2 T2 1)
PIbriE 22 iR Z AT . X TREEIN S, B TAR 74K/ n=1, bRt 22 5 I sh il 2 2t

2
i SR o, IR A R A S = V0 XD
B, AR A T TS (I B2, BN 6.2.2.13-0 AR iF B bR
fIIFR N Pp A1 Ppke GnRFEALFSit-#HPR A, UEi Cp A1 Pp B Cpk 1 Ppk 2 81 40t AN A .
ST TS I, TSP AR (PR R e ), I 6,222,
R AL T IR, T4 LHET Pp I Pk T AN, B e T ER (T 5b
BaE D), e, SRR R Rm, B0 CREREIEA ) 256 M (43).

Figure 6.2.2.1.3-2 shows the relationship between the process capability index Cpk and the probability the
process output will be out of specification. The table assumes the process is in statistical control, normally
distributed, and centered between the lower specification limits (LSL) and upper two-sided specification
limits (USL). If the process is not normally distributed, process capability methods for non-normal
distributions should be used.

&l 6.2.2.1.3-2 JE/R I FERE A8 i AR B R T REIE 2 A OC R . RKRERRE R Ak T4t
FEHPIRAS, BUR A& IEA0 A HA T FR(LSL) S5 ERR2Z [a(USL). i id FEBE R 75 & IE A4
R HAt A, A RERE Tk F HAb 7 A ik 5

Table 6.2.2.1.3-2 Relationship Between Capability and % or Per Million Nonconforming
K 6.2.2.1.3-2 IRERIFAEEE (B HIINMAEIED Z XK

USL-LSL =*2c +30 +i4c +50 +bo

C 0.67 1.00 1.33 1.67 2.00

pk

Nonconforming  4.6% 0.27% 63ppm 0.6 ppm 2ppb

% of specification used

(=30 limits)
Acceptable values for Cpk depend on the criticality of the characteristic, but 1.0 and 1.33 are commonly
selected minimum values. Six-sigma quality is usually defined as Cp= 2.0 and Cpk = 1.5 for a

normally distributed process in statistical control. See Wheeler (40) or Montgomery (43) for more
complete treatments of SPC and process capability.

Cpk [ AT 232 (B e TR A S B, (5 1.0 A1 1.33 S f i F IR/ IME . 6 T KR HL o B L o i
BN RS IES AR HATSiHEHMRAD 19 Cp=2.0 3 H Cpk=15.
KT SPC FHITFERE /1 58 814 7772 . Wheeler (40) or Montgomery (43).

150 100 15 60 50

6.2.3  Statistical Acceptance Sampling
it Baclee

Statistical acceptance sampling is another commonly used statistical tool for validation. The general
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principle is that the sampling used for validation should provide higher confidence than sampling used
during routine production. In validation, larger sample sizes, more replicates, and other such factors are
typically used. Commonly used acceptance sampling plans for validation to ensure that a high percentage
of individual units (e.g., tablets, vials) are conforming are:

Gt I eh A2 S — NMRIET RS TR . K BUR MR G IE B SR A B CRHEL T H A4
B0 BB . ERAET, ERMEEARRE. H 2 A EE RS R R . SRR
HONBRER ST (i 25 ). AN oA BGRRT & BRI 20 38 e 75

e Single sampling for attributes data
J PR ) — ORI
*  Double sampling for attributes data
JE YRR 1) — R
*  Variables sampling for quantitative data

e A B

Samples should be representative of the entire population being sampled. Random, stratified, and
periodic/systematic sampling are the most commonly used approaches. Targeted sampling to include
suspected worst-case locations within the batch or process may be used when appropriate. For example,
samples from the very beginning and end of the batch may be selected to assure that these potential trouble
spots are included, while the rest of the required samples are randomly selected from throughout the batch.
FEm N BA RN BENUIRE . 23205008 B R Gt 2 o B 757 . 7E1E 24 BRI AT DR B0
PERIAETTVE (B SN B T Z P SRR BB ORI B o Flan: X —HL7 SR S T 4R M 45 RN 23R4T
BBORE DABA DRV L R b s A B 5 e, R BT BRE i mT DLV tbR h BELIE %

Reaching at least 90% confidence at the end of PPQ is desirable when using statistical acceptance sampling
for validation with little prior confidence. This means that the combined information from the PPQ runs
shows that there is at least 90% confidence that the validation performance level has been met; 90%
confidence is recommended as the minimum because it is the traditional confidence associated with
detecting unacceptable quality levels (called the Rejection Quality Level [RQL], Lot Tolerance Percent
Defective [LTPD], or Limiting Quality [LQ]) (46). Note that this use of the term “confidence” is different
than the traditional 95% confidence of acceptance associated with the Acceptance Quality Limit (AQL) in
routine lot acceptance sampling. The AQL relates to the Type | error of incorrectly rejecting an acceptable
lot, while the 90% minimum confidence recommended here refers to the Type Il error of incorrectly
accepting an unacceptable process.

SRR R A BN BRI RS S, 75 PPQ 4R By, HLE (SR 2 /DIAF] 90%. X
F BT M KCE 2 2 S (0 B T S50 90%. Q0% £ B R B ME, TR E AL okl
AR R ACE R BEAEE CRFON “ARM™MZE” [RQL], “HEW RVFXZ” [LTPD],EL “ A% B i
Bi” [LQD. HHEEZRRIX BIIAE “BEE” AR TS HH Bt 58532 BT IR EE[AQL AHKE
f195% “ BAFE”. #ZBERIAQLITH) “BIEE” FoRiRIELL | IRASH Bt 5 1 85
W), MXHFTEH 90%H /N “ EEH " FoRMRIES TEAA ST Z CGB 1E#R),

Single sampling for attributes is the simplest type of sampling. For example, a sampling plan of n=388
units, accept on 1 nonconformance, reject on 2, would detect a 1% nonconformance rate with 90%
confidence. The statistical operating characteristic curve for this sampling plan is shown in Figure 6.2.3-1.

Figure 6.2.3-1 Example of an Operating Characteristic Curve
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i
1

B 6.2.3-1 #fERePE 2R OC £k (n=388,a=1,r=2)
0C Curve forn=388, a=1,r=2

1.0 0%

0.9 - 10%
g 08 -20% B
g 07 -30% 8§
E 0.6 —40% B
= 05— —50% T
E 0.4 AQL = 0.09% — 60% 8
g 03- 0% 8
S €
a 02 —80% S

0.1 ROL=10% | ggq,

0.0 Y T T | . | 100%

0.0% 0.5% 1.0% 1.5%
% Nonconforming Units in Process
WP AR

Double sampling plans for attributes may take a second set of samples depending on the results of the first
set. For example, the double sampling plan n1=250, al1=0, r1=2; n2=250, a2=1, r2=2 will also detect a 1%
nonconformance rate with 90% confidence. The values nl and n2 are the stage 1 and stage 2 sample sizes;
al and a2 are the accept numbers; r1 and r2 are the reject numbers. If al (F3F: MPANKREZRH) =0
nonconformances are found in the first set of n1=250 samples, the sampling plan is passed. If exactly 1
nonconformance is found in the first sample of n1=250 units, an additional n2=250 units are sampled.If the
total number of nonconformances found in the combined 500 samples is no more than a2=1, the sampling
plan is passed. If the total number of nonconformances found in the combined 500 samples is r2=2 or
greater, the sampling plan is failed. One advantage of double sampling plans is that they often have lower
false reject rates; i.e., good processes will not fail the sampling plan as often.

P I A0 5E B — R TR T BE 7R EE O AR, XBORTE —AREA S R Bl XA
ANKEI 1% FI AR A% 2R A BE T 38 (90% ) BL15 ¥)n1=250, a1=0, r1=2; n2=250, a2=1, r2=2, L

(n1. n2), (al. a2), (rl. r2) ZrHLEH (1. 2) RIMFERIREAS R, 280 HEICH.

WARES 1 RHIFER a1=0 HANG AR 7o aIREE 1 IR A SR BUR 1F 9 1, TR AT 5
2 RAHIRE U 2R 2 Ve B A S A% S BN I a2=1, I EURE T Rld e R 2 iR AN S S S > 2,
DU EBCRE TR R e — IRt A A0 R B BRI R 48 5, i T 4 1 T 20 A b ie o
RIKAL

Several types of variables sampling plans may be used for validation, one of the most common being the
normal tolerance interval. For example, one normal tolerance interval sampling plan for twosided
specifications is n=30, k=3.17. If the average + 3.17 standard deviation is contained within the
specification limits, the sampling plan is passed. This plan also provides 90% confidence in detecting a 1%
nonconformance rate. Variables sampling plans assume the data are normally distributed, and this
assumption should be confirmed with a suitable normality test. An advantage of variables sampling plans is
that they often are able to use much smaller sample sizes than attributes plans to provide the same
confidence.

Vr2 AR EE W AT T IRE T, Horbi i R B A VXA o il : XA EAT IR 1
IESAEXE (n=30,k=3.17), M1R-FIMEH+3.17 fbrE Z WS EEHIR A, W7 St . %77
Faekith 1% AGE (A 0% EEKF). BT EREAAETT 9 i B 55 & EA0Ai,
EL S R0 12 A B EAT IE FAG 56 o A B e V0 HO D0 s R AEAH F) AR AP I SR A T i R AR B /N R
EC T B PR

Example: The validation will show with 90% confidence that the process averages <0.1% leaking
containers after simulated shipping. This requires an attributes sampling plan of n=2300, accept=0,
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reject=1. Three lots will be used for the Stage 2 PPQ, so n = 2300/3 = 767 containers per lot will be
inspected for leakage after simulated shipping. If no leakers are found in the combined n=2300 samples,
the sampling plan is passed.

B ZE55 7 PRS2 2 LR 1T (e <0.1% (90% 49 BT 15 /2 Do J EIR 77 75 7 2 n=2300,
PERH=0, WH=1o T ZHUEHIFE I BPPQ) FHZEHT 3 il HrLltE— il o iz
/TN n = 230003 = 767 N as 1T NG . DR 2300 i H IR K B HT . B
FiL

ANSI/ASQ Z1.4 “Sampling Procedures and Tables for Inspection by Attributes” and ANSI/ASQ Z1.9
“Sampling Procedures and Tables for Inspection by Variables” are commonly used sampling plans for
routine production (47,48). They should be used with care for validation, since they may not provide a high
enough level of confidence. For example, one Z1.4 tightened sampling plan for AQL 0.4% is n=315, a=2,
r=3. If a validation lot has 2 nonconforming units in a sample of n=315, the validation lot would pass the
sampling plan. (However, note that 2/315 = 0.63% is substantially larger than the AQL of 0.4%.) Finding
0.63% nonconforming units in a sample does not provide high confidence that the process is <0.4%
nonconforming, if that was the goal of the PPQ. If Z1.4 and Z1.9 are used for validation, the Operating
Characteristic curves in the standards should be consulted to verify that the desired confidence is achieved.

W H ARSI EURE 7774 )L ANSIJASQ Z1.4 “Sampling Procedures and Tables for Inspection by
Attributes” F1 ANSI/ASQ Z1.9 “Sampling Procedures and Tables for Inspection by Variables” (47,48).
FERAUEAL HX L6 77 VAN RO, BRUONARAT T EIE SR B B I B AR K P Ban: WRHE Z1.4 vhrin ™ Boee
1£(AQL=0.4%,n=315,a=2,r=3). i £ — NI UF LR IFE AR (FEARE n=315) AEIEEUE 2, HHESIIE
Yot (A2, FEZEF 2/315=0.63% KT AQL=0.4%.). fEAF i AIL 0.63%MAAHE R I ARG
HA T ) B U T2 A R (S T2 AR R A G % <0.4%) . a4k 21.4 f1 21.9
WA TR, I8 A RGIER L OC 2k v] DL B FUHE S 2 .

Not all sampling plans used to make accept/reject decisions are for percent nonconforming units. For
example, the USP test for content uniformity (of dosage units) is specified in terms of a two-stage sampling
plan given in USP. In this case, validation sampling should provide confidence that the USP test can be
passed with high confidence (49).

AN BT T A UHE 26 D SR BURE D7 V008 & AN S i v 20 B il : ) 15 B 5 B CRRA &
USP IR HLE Bk ] R HREE . EXFEOLT, RO RIS At B 15 5 DL DR 2l U e LA A i)
BEiEEET.

Example: The sampling plan will show with 95% confidence that the routine USP content uniformity (of
dosage units) test requirements can be met.

Pl1: FFE 7R A 95 % 1 B 15 /%) T I USP B 2957 /% GRIBALL) HIM i o] LUK 2 225K -

6.2.4  Number of Lots for Stage 2 Process Performance Qualification (PPQ)
TZRIEE B (TEWEEHEIN) I RRE

The number of lots required for Stage 2 PPQ depends on the following:

L ZIAIESE B BT R B T L R 3K

*  Prior information about the process available from Stage 1 Process Design or quality history from
similar processes. The more scientific evidence already available to establishes that the process is
capable of consistently delivering quality product, the fewer the number of PPQ lots required.
KETEH B (L2 BB TZmREN LW LATRER. £ TE (BRI
B i, SRABUF IR AR Z, PPQRT BT /i RIS RS X i /b

* Risk factors, including criticality of the product characteristics and extent of in-process quality control
(e.g., PAT,100% inspection)
RS R, GG OCHE ™ i BT SRR L 25 IR (1. PAT, 100%44).

*  Type of data: attributes (pass/fail) or variables (quantitative)
B JRIEIEE (SRIAER) BB EE R

»  Statistical confidence desired

WGBS
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*  Production rate (i.e., how often lots are produced). If only one commercial lot is produced per year, it
will not be feasible to require a PPQ with a large number of lots.
AR (R 2 AR A 3t EREEFEACEAT IR L A7, X RANTTAT I, BIYPPQ
E: PN DE R

Depending on the prior information and/or risk involved, it may not be necessary to determine the number
of PPQ lots using statistical methods. The less information and confidence at the transition to Stage 2
(PPQ), the more advisable it is to use statistical methods to help determine the number of PPQ lots where
feasible and meaningful. See the Appendix 8.1, Statistical Methods for Determining the Number of Lots,
for statistical approaches to determine the number of lots. Regardless of the number selected and
acceptance criteria used, the data collected during PPQ should be statistically analyzed to help understand
process stability, capability, and within (intra-) and between (inter-) lot variation. Lots produced during
Stage 1 under similar conditions as the PPQ lots may potentially be used to reduce the number of lots
required at PPQ. This can be done using Bayesian statistical methods or by

combining the Stage 1 data and Stage 2 PPQ results — if there are no significant differences in the data (50).
The criteria for combining Stage 1 data and PPQ data should be specified before the PPQ lots are produced.
These criteria would typically include such statistical comparisons as ANOVA (analysis of variance) to
compare lot means, Levene/Brown-Forsythe or Bartlett’s test to compare the lot standard deviations, SPC
charts, and equivalence tests to demonstrate that Stage 1 and PPQ data are similar (51).

WA P S I BUE 15 S AITBXAR:,  FTREARA e BRI Ge i 22 T2k 2 PPQ HIHLIRE. 7E15 B AL
b EAE ERAR IGO0 5 2 W B, SR it 5ok PPQ Itk B0 R HAA = L.
WM 8.1, RMGH I g Sk Ff . ok B B2 M SR 2 £ b, PPQ Bir
BB BRI AT Gt o LA B R T 20 AeoE v . R RE AN I AL IR AR A . FESS 1B
BAEFERIR (5 PPQ B AR 264 T A F= 1D W] R FH R/ PPQ By B 7 kiR, X w]
DUl DU e it B A IR 28 1. 2 BrBaai Rk (AR 1. 2 FrBe i 8da i 52 2 3 1930
S B IFER 1 2 B BOEOE ROARHERZAE PPQ HEIRA P HITAUAE o FRyEIEH R & — Lo i LLAL (A
HERIIAE 7 22507« JEIRPRAEZE ) Levene/Brown-Forsythe BX Bartlett K656 | 4 1] B FI25 24 S8 )
PATEWIEE 1 B BoRl PPQ i B HiHE S AH 1A o

6.3 Process Analytical Technology (PAT)

RS HEAR (PAT
PAT is a method of process control, where the product or in-process material quality attributes are
monitored and measured, and the process parameters and conditions are altered to maintain those quality
attributes. PAT can provide high levels of product quality assurance through the analysis of material
attributes, and the process adjustments. In that quality attributes do not vary outside of the prescribed
ranges, product and material quality is maintained (52).
PAT Je—Mid B2 v, S e 50 vT DA 2 sl 0 & i Js Ak s R i el 1, ] Gl
2 AR T ZESHNFAT R R i Prirkhs Mot Eod 4 i) T 2%, PAT
LGS T AR SR RAIE . T R R A S e Va7 AR 5 T LA
F4EH (52).
PAT can provide an opportunity to enhance process analysis and process knowledge compared to
traditional tests. It can support process validation whether it is a parallel activity (concurrent with process
validation), reductive activity (reduces execution of existing tests), or replacement activity (alternative to
traditional testing). Effective use of PAT to provide process control relies on the selection of correct quality
attributes, process performance ranges, and methods for monitoring and reporting. It also relies on the
proper design, use, and validation of the PAT monitoring, measurement, and control loop systems. The
validation of the PAT system is based in part on the following principles:
SAEGRIRIAHEL, PAT 44t 7 — MLl LU A st AT TE 0 0F T 2R MR
R (5LZRE#T), EREMRRIIEX GRb AN ERHITE), E2BERMEX (&
RAEG KGR ), PAT 0] F RS FE T ZI0AIE . PAT 75 T 2045 il v (175 2508 FH X e T35 36 1E A 1) o
JE . TESHEEE USRS B 77 % X WARHET PAT 4%, M AHZEHI R4 (control loop
systems) & 4Tt A FIERIE .

1. Measurement of the correct product and in-process quality attributes
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N5 TS B0 it M R o e

2. Accuracy and understanding of the correlation between these quality attributes and the process
parameters that will be adjusted
AL R IE 1 AR IR L8 5 5 MR A R] DAREAT I 1 % L 2 S B 8] A R

3. Reliability, suitability, capability, and accuracy of the monitoring, measurement, and process control
loop or adjustment systems
gz WEA CZ AR T R AT S SR TAERE AR L

4. Acceptable performance of the PAT system throughout commercial manufacturing, including the
ability to identify opportunities for process improvement.
B A IR PAT REGEHITERE TR AT & 2K, AR LI T2 st RER e

6.3.1  Selection of PAT System

PAT RS
PAT is an enabler to product and process understanding and an element of control strategy. Prior to the
selection of the PAT system, the product and manufacturing process must be developed and well
understood. Selecting the right PAT system should be based on fitness for purpose, system ruggedness, and
vendor customer service. Selection criteria should include, but are not limited, to, specificity, sensitivity
and accuracy, electronic integration requirements of information technology compatibility, data
management, and communication. Table 6.3.3-1provides a partial list of PAT systems, each of which may
provide information helpful to the understanding and validation of the respective drug manufacturing
processes.
PAT J&— AT EAHES S 77 i M L 2R RE A, JF H 245 S 1) — AN ek . 7R $% PAT R4
A, 7R L EM AT T WPRIFH TR T . SR IR PAT REGINEET EIER)
HE . RGRRREEMEN R IRS . ArERE SN AIEEAR T, BEik. RBUZMHER L.
SRR MAEMER BT AR K AR E ARG R 6.3.3-1 5 7 PAT RGM—&B7r, &R
ALY BRARANERAIE 2 B 2591 46 L2540 IS B
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Table 6.3.3-1 Examples of PAT Tools and Their Application
% 6.3.3-1 PAT TERFIRIEMNHA

PAT Tools Process Application
PAT TR TZ A
Laser-based particle size crystallization, particle size, particle shape
analyzers granulation, milling Kife. KTk
BOGKLE 73 B A Sibh. WKL BTEE
FT-Infra-Red chemical reactions reaction progress and completion
FT-2L4h s EavAuREYIES]
raw materials Identification
JEORH 0
Nuclear Magnetic Resonance chemical reactions reaction progress and completion
(NMR) s SN ERE A4
BHEEIROEE (NMR)
Light induced fluorescence blending end point determination
(LIF) RE 2 R E
TR FICHAR (LIF) compression content uniformity, assay
I SERYNE. SEINE

Near Infra-red spectroscopy

blending, granulation

end point determination

(NIR) WA kL 2 pi I E
ILLAMERE (NIRD drying water content
+ 15 Ky
compression content uniformity, assay
JE SEYNE. FENE
fermentation nutrient content
K BRI S E
raw materials Identification
YR 0
Raman spectroscopy blending end point determination
A= BE 2 il E
granulation water content, polymorphism
il kL Koy Z i
compression content uniformity, assay
JE SEYNE. SENE
raw materials Identification
IR YrE L33l
lyophilization water content, polymorphism
T Koy Z Y
Refractive Index (RI) blending or mixing end point determination
#iFE (RD TR B 2 pi I E
Turbidity blending or mixing end point determination
iz TR B 2 i E
Microwave blending, granulation end point determination, water content
T RA - HilkE 2 E L Koy
Acoustic blending, granulation end point determination, water content
Absorption/Emission BA Hk ZE . Koy
W B IR
Effusivity blending, granulation end point determination, water content
U A ik A RE Koy
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PAT Tools Process Application

PAT TH Tz I3
pH, Conductivity, Dissolved Fermentation reaction progress, end point determination
oxygen (DO), KM% RHERE, 2 Sl E

Oxidation-Reduction
Potential (ORP)

pH. HLS X, %4 (DO).
FAIEJR AL (ORP)

Focused beam reflectance Formulation of measure particles and droplets
measurements (FBRM) suspensions and emulsions 3 & Fk AR
ARG SO MR R R TREF AN LI %
(FBRM)
Rapid High-Performance fermentation nutrient content, reaction progress, end point
Liquid Chromatography %1 determination
(Rapid HPLC) EIRMUEE, MR, & SE
PR = AORAR 7L (PR chemical reactions reaction progress and completion
HPLC) W SRS HEFE NG R

6.3.2  Process Validation Considerations During the PAT System Design Stage

PAT R THH B T 2 RAEE R EE N
During PAT system design, information is developed to confirm that correct product and in-process quality
attributes are being measured, and that the correlation between these quality attributes and the process
parameters that will be adjusted is understood and accurate. During PAT system design, an understanding
of how process parameter changes affect product attributes is established. Process monitoring and control
systems are designed and linked to specific product attributes. Ranges of acceptable process parameter
variation are determined. PAT design efforts should include: risk assessment, system feasibility and
selection, in-process application development, and consideration of regulatory requirements.
£ PAT RGuIITI, 7525 K HAHSCHIE B LARE RSB A v] LA IE B U 5 7= R RE 1 o B JE@ v, I
HEFR5rFnibe 5 E 8 MEALKE A B 1 % L2 SR R SRS AL . fE PAT REGIIHRT,
WIREL [ i B TS HBUERE B2 P i@ M= AR50 o Bevt H L2 I A i) R G A0 H R 3]
T B i E I o IE H TR TSR . PAT Boitr) TAEN ARG XK. R4t
AT PR AR L R R R AR V2 SR 25 1

6.3.2.1 Risk Assessment
PR PPty

The Risk Assessment should identify product and in-process quality attributes that have an effect on final
product quality. The risk assessment should identify process steps and conditions that affect these attributes
and can be measured and adjusted to assure product quality. Quality attributes, and corresponding process
steps and conditions that are not monitored by the PAT system, may require other means to assure or
validate performance. Having PAT systems is expected to lower the risk to product quality, by having
additional controls, timely responses, increased detectability, increased understanding, and information
(e.g., identification, measurement, control of CQASs). These features enable a more informed risk
assessment decision. Tools for the assessment and evaluation of PAT processes and systems are discussed
in Section 6.1,as well as PDA TR 54, ICH Q9 and other publications(12,13,30).

RIS DIl 2 BE TR 1) HE 208 246 772 it Jo B8 F R M) 0077 i AR A o B o R 1k o XU TR Ak 2 8 IR 1) H 2
SR AKX L J M I HZ 9 1 ORAIE ™ b o e m] R AT R 1) 2P R A o o R R M S A
AN PAT F 45 28 10 L 200 SR S A1 75 S A T BOR AT CRIE SR R HVE R . SR H PAT R4t52
IR TR BN S T B SO RE . A HY BE D $R s BEAR DN SRANE B AL (a0, 2559). W& . CQAS
e 5, T RENS BRI i TR XU, o IR EEREIEAE R TR B A B 0 T A8 XU PR R B
fE PDA TR54. ICH Q9 FIHAhCRFFY X PAT LZM ARG MIFASFIVEN T HEAT T3

(12,13,30).
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6.3.2.2 In-Process Application and Method Development

RN A TTETT R
The PAT methods for in-process product measurement and process adjustment should be selected and
validated for specificity, linearity, range, accuracy, precision, repeatability, robustness, detection limit, and
quantitation limit to ensure that the method is fit for purpose (13).
JRLIE 1 396 6 FH T rp = s AN T 2RI PAT VA RAE T B e 2o HERf & L K% A E,
MR 52 P or DU BR A 2 PRI B8 T T g AT e, DAz orik i@ T H E B (13D,

6.3.3  Process Qualification Considerations for PAT

PATII L ZHiNE RE K
The Process Qualification Stage is where information is developed to confirm that the monitoring,
measurement, and process control or adjustment systems are suitable, capable, accurate, and reliable. One
key to effective PAT process control is the reliable operation of instruments and equipment. For
implementation, an implementation and validation team should be assembled to categorize the validation
requirements and propose acceptance criteria for each unit of operation, based on the application or
intended use of the PAT system and method. These requirements and criteria will ultimately be included in
a validation protocol and described in the validation report. The acceptance criteria should be aligned with
the expected specification, protocol requirements, development experience, and manufacturing practice.
FELZHABY B, AIIT R IRAFAE BRI M 12 L W& DL K L 2| sl i B R G0 R 5 i i) AT AR
0 LA R AT SE 1R o A 200 PAT L 245 1) — AN SCBE S 3O AR AT 4 (1 AT 4R 1k o A SE B T T
JS AT — N HAT B UE IR, DL PAT JRGEFIJT VA R BT A& A 2R, AR 5 T i SniE
i SRAN T $2 32 FRAEEAT 70 2 o IR e 5 SRANARHE i Jm S AR AE SR UE T S8 b, JRAE I IESR o5 Th it AT ik
A SR HEN. 5 TR BB AR . 7T IR . WERAI LA SEEAH — .

Function and operation of the equipment and instrumentation used in the PAT system should be qualified to
assure that it will monitor and control the process parameters accurately and reliably. Equipment and
instruments used during the process should be qualified to verify that they are suitable for in-process use,
including compatibility with process materials and conditions, accuracy, sensitivity, security, and reliability.
KH T PAT RGN A AR DI REARAE RLBEAT A, DLORIEFE I AN ] (1) T Z S HUR R )
PARCRTHER o A TR R T B B e AR S EAT WL, DUESREATE I R TZHEK, A5 T2
BIRIEA AR . HERARE . R, 2tk DL T 5k,

6.3.4  Continued Process Verification Considerations for PAT

PATHIFREE T 2 HIE% R E
The Continued Process Verification Stage is where information is obtained to confirm that the PAT system
performs at an acceptable level throughout commercial manufacturing. It also determines where product
and in-process quality attributes, or process parameters fall out of expected ranges; those that do are
identified, investigated for cause, and addressed.
FERFEE L ZHAUERTBL, AISRAHE EORAAIA PAT RGEEREA R A JH B2 AE — D AT EZ 17K F AR
Frighe . EXAHB, & rT AR S A R v B R M B T 2SR A AT VAR T TN FE 2
Ab, WA TT RS R A AL

By definition, PAT provides continuous process and product attribute verification. Stage 3 activities should
therefore focus on accuracy and reliability of control methods, possible process control improvements, and
process variables missed during process development and qualification. Evaluation of PAT and or
in-process derived data should be part of the Quality System and review processes (11).Where data
trending shows excursions in anticipated monitoring results, analysis of the cause of the excursion should
be conducted to determine if changes to the control system are needed or opportunities for process
improvement can be identified.

AR, PAT R SEIEESEPE ) T 200 i Ja M RAIE . BRI B 3 PTG 2l B B st JSCCE 38 1 7 V2 R
PEATRT S0 T AR T 20 S0k DR E T 2P R R B i T 2458 . PAT RISk T 25 72
HEE (VP R 0T B RGN L Z I — 3B (11D an SR dE a5 S om A i 5 T e 0 285 2R 114 328
o AT RS R 8T, DARE /& 1 /R S H) RA AT R, s Rl 2 SF T8t n
A REME.
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When variables are found that are not being monitored adequately, changes to the monitoring methods may
be needed. All changes should be evaluated for impact on the process and product attributes. Changes
should be evaluated and actions implemented to assure that residual risks do not adversely affect process
performance or product quality. These actions may include steps to qualify the changed process and
equipment.

LRI RIFRAPOE L M, TR ST IR INEN AR . ra B N T SH L ZM
77 it PRI A BRI PR o XS AR B HEAT PRAS JFRIAT Bl ,  DAORIER B KU AN 200 T2 PR Re al™ i
i R ANRIFEN o X EETE S ] RE 2 G T LA BOR AR B 5 B T2 M4 .

6.4  Technology Transfer

BRFE
For a lifecycle approach to process validation to be effective, all information that is available to support the
understanding of the process, including that from other sites and similar processes, should be considered.
This information should be useful, accurate, and complete. The goal of technology transfer (TT) activities
is to communicate product and process knowledge between development and manufacturing, and within or
between manufacturing sites to achieve product realization. This information forms the basis for the
manufacturing process, control strategy, process validation approach, and ongoing continual improvement
(52).1t also provides valuable insight into the development of the process, including process variables,
process performance, and process control strategies.
AL T 2R (A i T IR RE A R, A SRS I RE SCRPR L2 BN SN BN, &
FEHARIAFAEP T ZHMER . X E RGN, KU B SRR (TT) iE3hH
E bR SEIUIT A5 A 7 Z TR) B 7= M 2R B4R IE . AEAN R AR 7 37 BT 9 B ) SR B i B A 7
KRR AT AR, T 2T RAMAWR A S R Rl (520, X N T 2T
Ry 7 EHAMEMREE R, B LZE. LR L2 5.

Technology transfer is successful if process understanding has increased, and there is documented evidence
that the recipient of the technology transfer can routinely reproduce the transferred product, process, or
method against a predefined set of specifications from the sender. Process understanding and knowledge
increase significantly during technology transfer, providing useful information for process control strategy
design and process validation. Technology transfer can occur at different stages of the process validation
lifecycle. If a new process is being transferred from research and development to commercial
manufacturing, the technology transfer may occur between Stages 1 and 2. However, if it occurs after a
product has been launched and it is in the commercial manufacturing phase, then transfer will occur during
Stages 2 and 3. Refer to Table 6.4-1below for distribution of Technology Transfer Activities throughout the
Product Lifecycle, which outlines the increasing knowledge and process understanding with each
technology transfer.

IFGEIGHE 7 TR PR, R EAL R IR, I HA SR B IR LR 7 TUE o7 1) 3R 51 o i
PR, HOREERS RO AT LUK I R PRI e R 1) i . L2057 L EHM S RRE R R B
T ) o2 RGN, IX N L2 SRS Bt A CZSE Rt TAEE A HNER . SRR ETLE
SouEA RS A BOR AR o an SRR AR B A P BB T2, BOREER NAERT B 1 A1 2 22 [
KA AR, ARURRAAE S BT S OE B e A TR AR B B, MRS R AR B 2 A1 3 Z TRk
Ko ZW TR 6.4-1, 7L A AW EOR B R TG 3 o0 A, RP R 1 PERE R IR BOR LA 1
FREE KM AIAS T2 .
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Table 6.4-1 Technology Transfer Activities throughout Product Lifecycle
R 6.4-1 P4 AR AR ERIES)

Process
Validation
Lifecycle Activities Knowledge Development/Data Application
Stage B SRTF R R
TZE % 4&
LR L]z
Stage 1 Process Design provides product and | Development Report: Technology Transfer
MrE% 1 process development knowledge and data | J1 & k45 - Batches manufactured
for technology transfer. «  Development history, including criticality assessments during Stage 1 are intended
T2t B BUR B T HOR R 1) i TFR G, AdEER A to establish comparability of
AL ZTF R AR BB - «  and DoE with sources of variation product  quality ~ between
AV FEA5 (V) DoE sites and,  develop
« Data and knowledge development from stability studies and :;';'tgg/ market authorization
development batches '
S EL B4 PR SR S B 5l A Brec 1 IR A it
»  Rationale for specifications and methods KRN T e A= i L
Joi B R N g VR I 2k 4 L A ()7 it o B R AR AL S, JF
«  Critical Process Parameters (CPPs) TERSRAT AT 35V PT
K 1224 (CPPs) P o
»  Critical Material Attributes (CMAS) Development Report
KEEEHE M (CMAS) summarizes activities from
«  Critical Quality Attributes (CQAS) Stage 1.
K piE g (CQAS) TERR & E4EE THB 1 1
«  KPPs, PARs, NORs 5l
KPPs. PARs. NORs
»  Manufacturing Process Description, Equipment Train
AL ZAIE, R
Stage 2 Most technology transfer activities in a | Technology Transfer Strategy: Technology Transfer
et 2 product lifecycle are carried out at Stage | i R# 525K . Batches manufactured
2: «  Product and Process Description (as designed from Stage 1, and | during Stage 2 are intended
Az i LA A 268 K 22 B BOR B R 1 Bl 2 reported in the Development Report) to reproduce the
TEMNEL 2 PO3EAT eI T 2R B 1 BFsih i, 8RR 45 s i) | manufacturing  process,

»  Development of Transfer Strategy

Assessment of Site Change Requirements; e.g., PostApproval and,

including components and
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Process
Validation
Lifecycle
Stage
TZRUEE
Ll EilE

Activities

Knowledge Development/Data

ARRTT R

Application
BL

F R R IT R

Manufacturing of Commercial Scale
PPQ Batches

LR PPQ HEAE =

Site  Equivalency Analysis (from
receiving to sending unit)

byt ) SR b CAFRNOT 21152
¥ i)

Transfer and Validation of Analytical
Methods

IR RIS AIE

Confirming CPPs at Commercial
Scale

FE AR T H CPPs BfiA
Conducting Stability Studies at
Commercial Scale under
Commercial Package configurations
e MY RS AE T 65 L3 SR A N EAT I
P MR 7T
Confirming  Risk
Criticality Analysis
Tl PR KU DA, SR 2 #T
Establish  Sampling Plans and
Statistical Methods at Commercial
Scale

AT R BT R AN G i
FITE

Assessments,

Prior-Approval with rationale. Category under SUPAC guidelines, if
applicable

PR T SRV AL, . Sk S A AERT, SR . W&,
25 % SUPAC i 3 i ) 1€ 1) 201

Number of batches required to meet transfer requirements, including
validation/PPQ strategy/Matrix Approach

W R AL TR R PR LB H BRI IE/PPQ SRS AR RS 572
Specifications and Methods Transfer Plan

J R ARHERI T VR R TR

Validation Plan

Craliaa )

Control Strategy

] SR

composition configurations
at the transfer site, and to
conduct PPQ.

BB 2 JiE) AR P R
e N T AEH 78 3 fin
FILA = T2, AAEA 5
Mgk, FFEAT PPQ.
Equivalency between sites is
intended to compare
equipment and facilities to
assure  that they are
equivalent and qualified for
commercial manufacturing

Sy Bt 2 18] {055 [F 5 F 0 2
N TR R ARt AT L
B, PAORIIETX e i3 2 M1t
XF TRk A A e R AR Y
I HEZE 1 il
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Process

Validation
Lifecycle Activities Knowledge Development/Data Application
Stage T3 FRTT R B oAz
TE % 4&
LR L]z
»  Evaluation of Personnel

Qualifications and Training

N R AFNEE IV
Stage 3 Technology Transfer activities at Stage 3 | Similar to activities in Stage 2, a Technology Transfer Strategy is | Transfer to a new location
FrE%x 3 are most likely carried out for products | recommended. The Strategy would include data listed under Stage 2 of | within a manufacturing site,

that have already been validated and are
on the market. These are known as
post-approval changes under the SUPAC
guidelines (for small molecules), and
apply to changes to alternate
manufacturing sites within a company or
to contract manufacturers.

BBt 3 BIHOR B RS TE Bl BE AR 42 58 A
TRAEE T AR A X
LG ZE SUPAC 53R Ny
EARAEE AR TGS, AEH T A
P B 5  R) A7 e 2 TR R A 7 3 T )
AR AR

this Table. For products at Stage 3, additional data and knowledge will be
available. It should be considered and evaluated prior to starting
technology transfer activities.
BB 2 BB, HERER B R FE RS SN o SR o BB FR 1 RA%
BB 2 B O o X BB 3 BT S N RESRAS B 22 I E
FEANFIIR o FETTURBOARIERE 15 3 2 Bl RO HA LA F& S VEA
At Stage 3, technology transfer activities may pose opportunities for
process improvement at the receiving site using historical control and
quality systems data. Valuable data to evaluate include:
FERT B 3, BORBRETE Bl Wi =R i S22 BE R o 8 AR G i dfa it
TSR At T —E bl . 7R VEAL AT A EE N 4
e Stage 2 Technology Transfer and Validation Reports
B Bt 2 BORFAE AIAIE 1
e Annual Product Reports, including Process Trending and Process
Capability
R, AFE L 2B T 26
»  History of Investigations, CAPA, Change Control, OOS, Complaints
Reports, Field Alerts, Stability Studies, Yield Variations
WA, CAPA, A F%H|. 00S. #iFidxk. W E Rk (Field
Alerts). FasE R FL . AR 7 5
»  Executed Batch Records
A e
e Sampling and Test Plans

SO AL 36 11l

to an alternate site of the
company, or to a contract
manufacturer. Filing
requirements are defined by
SUPAC, as these have
different implications from
the regulatory standpoint.
Validation requirements
apply equally to any of the
technology transfer
scenarios.

R — P g P e 72 3
W, HeRe 2 A E ) 5
— N, B B A A
F2R . SUPAC 5E XL T XX
LR, BRI A A
[FIFIRLH o JUT- BT SR e
# 1% 3 #R A ZEAL Y 56 E 75
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Process
Validation
Lifecycle
Stage
TZRUEE
Ll EilE

Activities

53l

Knowledge Development/Data

ARRTT R

Application
BL

Tech
HiAR

Analytical Data

AR TEAEI

Conduct Gap Analysis at current vs. transfer site to assess risks and
variations, including:

BEAT AT 5 AL 1 BT R R0 22 53 00 M AP AR AN AR AL, L4
Manufacturing Equipment Train design and operating principle, as
well as qualification status

AP R BB MR E IR, DL URZS

Confirmation of CPPs, equipment operating ranges at new site

CPP #ii\, fEHT TR 5 3R Ta

Suppliers

BER P

Personnel

YN

New Site state of compliance

iz Pt ) S HURAS

nology Transfer Strategy:

B RN

Product and Process Description (as designed from Stage 1,and
reported in Development Report and Validation Reports)

P L ZHA CInf By 1 Briscit (0, FEJT A AR & IS e & o
AP

Assessment of Site Change Regulatory Requirements:
Post-Approval, with rationale

Sy IR ST SR PPAL . fEAESS, JRR

Number of batches required to meet transfer requirements, including
validation/PPQ strategy/Matrix Approach

T R A T R R AL R H , BARIRAIE/PPQ SIS/ FE R 7 %

Specifications and Methods Transfer Plan
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Process

Validation

Lifecycle Activities Knowledge Development/Data Application
Stage &3 FRTT R IR N.F
TZ2WiE4AE

Ll EilE

Ji R bRER TR R R
e \Validation Plan & Control Strategy
BRAIE T RI) RN B S

A BARRIEREE GMP BB AT




Figure 6.4-1 Distribution of Technology Transfer Activities throughout the Product Lifecycle
Bl 6.4-1 7= fhA A B B AR B 1E S A6

Process Understanding

Knowledge . .

Information

Data

Scale Up, Commercial

Characterization Pilot of 1L Stability Studies, PP0Q T Mfg.
Development Studios Optimization

Stage 1 Stage 2 Stage 3

TT: Technology Transfer

T 28

BB B B2 Bir &3

TT: BARER

6.5 Knowledge Management

AREE

A BARRIEREE GMP BB BATH



The effective and efficient capture and analysis of process-related information is essential to process
understanding and validation. Information that supports process validation should be identified, analyzed,
communicated, maintained, and available. It is important to recognize that knowledge management is not
just data collection. It involves a strategic, systemic, and methodical approach that should include the
acquisition of data at pivotal process steps, rigorous data analysis, easy access, and controlled storage and
dissemination of information about the product, process, and components. All desired or necessary
activities should be included, for example:

A RR HA KRB 3 # T2 G B T L2 MMIIE IR EE . nUSCRE L ZERIUER)
B R IRB . b, A PREJFAI 3RS . IR EEH) — pUR RERIRE], FRE B Bl
K. X MEAEMIE. RGN IR T, BASECE T 2P REIE R E. i
AR DT BTG TEMATTH KGR A ZIZ R . T ZOR A 800 Z 1%
SN NAFEEN, Bl

»  Technology transfers

BOREH

»  Process understanding
pLii

»  Product characterization
T i

Knowledge management includes systems that capture review and feedback information in an effort to
ensure correct decisions were made, and identify where process improvements can be implemented.
Sources of knowledge include, but are not limited to:
FNVVE PSR 1 BB IR [l UM S AR B A R GE, SRS D RIEDR SR LW, IR AT AU 72
WRLL 5 T RE s SEL T2t . FHRIR AR EH AR T
e Prior knowledge (public domain or internally documented, such as similar processes)
CAFIR CATFR R SCERE NS, IR T2)
»  Pharmaceutical development studies
Ly KR
e Technology transfer activities
PR TE5)
e Process validation studies over the product lifecycle
7 i 2 A T E AT AT
e Manufacturing experience
SRS L
*  Risk assessments
PR DAl
*  Continual improvement
Rra it
*  Change management activities

AR TR B

The concept of sustainable and continually improved knowledge systems is essential to a lifecycle process
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validation program. The flow of information from Stage 1 Process Design to Stage 2 Process Qualification
and back from Stage 3 Continued Process Verification form the basis of the lifecycle approach.

AR DA KA W et R R R G R S 2B i L) 2t AR . R T A A %,
fEEMMBT B 1 T2 2B 2 TZ0N, FHR R B 3 Frai: T2 H4iE.

Knowledge management systems should be designed, installed, used, and maintained. They play a pivotal
role in finding problems and preventing process shifts by providing feedback for continuous improvement
efforts (4).

FRE L RGN AT IO AL, IR SE . IR R G RREME DO AR R R E R
FER B R LA B 3t G T 2R T A R R At (4),

Appropriate information must be acquired, used, and archived. It should be accurate, timely, and useful.
Information should also be properly interpreted and effectively communicated.

& HE B AT REE . IR . (B R RO eI B RA M. B BN &
IR BEAT A R AT

Information or knowledge is gained in Stages 2 and 3 that can improve the process should be
communicated back to those responsible for process design and development. The information (including
responsible individuals, sampling plans, and justification) should be communicated via an appropriate tool.
FERY Be 2 A1 3 RS AT ot T2 045 B BRI S A5 el 45 1 51 T 2Bt AP AR5t N f. #
KR BTG BREHRIAE dD RS B0 T B ra ek

Information needed to support the process validation effort should also be communicated to those
responsible for monitoring and providing feedback on commercial product manufacturing. A system should
be in place to provide feedback to those responsible for process design and development, to confirm the
accuracy of early process design assumptions, and to improve the process where possible.

i E R4 T T B0ENE 3 SRR A BB R 5000 Rl AR AR A 45 T St B N S BEAT A2
ARG NAEE B I T A5 TR RN R 28T Rest,  PAMCRAR A G T 23 i AR /Y
FUERERE, JRAEFTRERIIGHL P L2,

When changes are made in Stages 2 and 3, they should be communicated to all affected parties in an
efficient, accurate, and timely manner. Formal Change Control procedures are a recommended and required
Quality System component (4).

BB 2 A1 3 H AR SN BT B S ER T TR N SAEATASUL,  ACURSLAR A R kS 0 I HL St
. HEFE R IEAN R R R EA R ERA TR (4.

Transparent interaction between teams collecting data, performing risk assessments, and transferring
information is essential to the process validation effort. Joint reviews between teams responsible for process
development, risk assessments, and data collection should be conducted throughout the lifecycle of the
process. These reviews enable the effective transfer of information from scale-up through full-scale
manufacturing batches, and help to ensure that the process operates in a reliable and predictable manner.

- BIAZ TAIFE WO E O « PAT RS P Aili LA R A% 3445 20X 28 77 T A& WAL ELah 3 T T2 e sl 2 4k
WEEN . B T2 A dr IR, 5 TETR . RS DAl A SR AR 1) & [T B\ 8] B 4 AT
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TR o XL AL AT A HE MR B 15 UL R MV 2 (RS B A R, IR A B TR A
77 L RAE M AT FE (Y 2 T U AR R AT IR A
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7.0 Examples
S5 CEEOD

7.1 Large Molecule (Biotech) K4-T264) (EMIHA)
An example of the three stages of process validation for a humanized IgG1 is provided in Table7.1-1 (Stage 1), Table 7.1-2 (Stage 2), and Table 7.1-3 (Stage 3).

®7.1-1 (BrBD L K712 (B2 M7.1-3 (Brged) 24 7 NJEIGL L Z 5l =AM B 7l o
Table 7.1-1 Stage 1: Process Design BrEtl: T2t

Category 25| Activities %3 Outputs/ Deliverables #yHi/45 58 Rationale/Examples JEE/RFB
Process Establish TPP & | Humanized IgG1; TPPs and QTPPs were established.
Development QTPP NFEAIGL; T Hbrr= SR B bx = i i AL -

TZIk

25 H AR
R G0 AT B bR

« Immunological indication; MOA (mechanism of action) requires both CDC (complement

depended cytotoxicity) and ADCC (antibody dependent cell-mediated cytotox) activity; IV

5 A administration at a fixed dosage;

FPEAIERE; EFPLEE (MOA) BfEAMAMKII IR (CDC) MM A 3 48

M E); S EEIKESS

e Liquid formulation with concentration at 20 mg/mL, iso-osmolar solution; material

provided in a single use vial with a shelf life of at least 24 months at 2-8°C.

TRAKRCTT, WREEJ920malml, S8V G T — kT, 2-8°Chiff#A R 2/ 244

He
Identify Critical | Presumptive CQAs (inherent attributes from the molecule that provide desired activity, | Deamidation, Aggregate, Host Cell
Quality Attributes purity, and safety) were identified based on prior knowledge. Protein, Residual DNA, etc.
) O B TR R | AR A R B BE R BT R (O TR AEREE, Yol TR AU R A | REEE. A EMIRE . REDNA
JE i) %

« Potential process parameters that impact the CQAs were identified for each unit
operation based on platform information.
T EE BRI L7 vl g S i &R LI L2358
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Define
Manufacturing
Process
Wb L E

Prior knowledge, existing risk assessments for similar molecules, and early development
data were used to define, unit operations: Seed train, bioreactor, harvest, Protein A, viral
inactivation, column purification 2, column purification 3, viral filtration, UFDF. In addition:
PUEFIR . B0 SR 53T B B PPl o 53010 R B30 mT R e SCSHRAE LR R 73597
AARBEE . W EEAL R HEEN2. RS, mREdIE. EIEAE e
A

« Normal Operating Ranges identified iR %1 1E # 1€ 75

« Raw materials identified 175! BT i 5k}

« Cell line characterized to show free from adventitious agents.

X AR AT RAE, UFSEARZ F5 G

» Master and working cell banks prepared and characterized.

1 48 IR AE T2 200 P A0 AR 4 M P

« Analytical method development was started.

SAR GRIR IWIRN: P2

« Initial formulation development (liquid or frozen) was initiated. Due to ease of control,
frozen was initially selected while the liquid formulation was being developed in parallel.
JREIWIE AT R GRAAESERT) o WRIEEHIES T, HIP®RFERTLTT, FPIFA
AR TT

A Process Design Summary Report was created with preliminary process information.
RIEVIL L2ER, BELZEI DLW .

Process
Characterization
TERAE

« Clinical Phase 1 & 2 manufacturing:

1R BOFI 2B B R 24 it f4 A 77 2

0 Material was produced for First-in-Human studies, in a GMP facility in a 2000L
bioreactor facility, using a scaled-down version of the intended commercial process.
Samples were put on stability to establish expiration times.

KRB A T 245/ MR, EGMP) 55 1200014 4k [ B2 A% Fh A= 7= T i I 58
FRT 7 i o

Upstream Process Parameters:
LTS

« Viable cell density %4125 &
* % Viability fFi%%
 Temperature i#/%

*pH pH

« Dissolved Oxygen ¥fii4
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WO BEAT AR EME B L, LA E A 2400

0 Material was produced for Phase 2 in a 2000L bioreactor process using the same GMP
facility. Samples were taken and used for characterization studies in small-scale
equipment (satellite studies) to define the eventual commercial process. Product was
analyzed for the following (at a minimum):

FER]—GMP]J 55 P B 2000L A5 A 5 7 5 AR 7 B BE21I PR ™ it o BIURELE /NS 1 46 rh R 4T 2
fEREF CMNRES) , A E AW A T LE. 775 M2 DT B R 0T

« Appearance and identity ML %5

« Purity (IEC, SEC, CE SDS, endotoxin, bioburden, impurities

4iff ( IEC. SEC. CESDS. W##m. MMM, 25m)

« Potency

o Initial product acceptance criteria based on targets were set from other molecules and
early development studies. Stability studies were initiated using a subset of the release
testing assays

WRYE HoAth > T AR R TT, T HARESLAID P S e hrdE . SR AT IR & A
AT R TERE T -

0 Most of the analytical methods were qualified at this stage.

FEZB BN K2 B 7 AT ik

« Clinical Phase 3 manufacturing was performed in a different 2000L bioreactor facility.
Prior to the start of phase 3 material manufacture, some of the following activities were
performed

B R AP E 55— 20000 AL S RE s | By kAT o AE3BT B S 2B IFR T, e LT
BB IEB):

0 Tech transfer process was conducted to transfer the process from the Phase 2 facility to
a Phase 3 facility.

HATBARER, K LZH2MER HEBREINE) .

0 Comparability study (DS & DP) protocols were generated

Downstream Process Parameters:

TR L2340

* Protein load & H# &

« Protein concentration & /%

« Elution buffer pH ¥t/ 22 ipH

« Viral inactivation pH %8 Ki%pH

« Diafiltration volumes &7 {1

* A team of scientists led the tech
transfer effort by performing facility fit,
generating technical reports, training of
operators, and transferring of
manufacturing process and associated
scale-down models.

H — 2R S AT A AR R 78 A
el Brratt, BT HoRIR S, Bl
PR, HHATA T L2 26D
BRI HS o
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HIVT—BEEt T RRHZRIHIRD 77 %

o0 Batch records were created 2 EHftid 3%

o Operator training was performed #EATH#1EE 1351

o Primary containers were finalized & A L4+

« After Phase 3 material manufacture, the Process Design Summary Report was updated
(e.g., CQAs and CPPs, unit operations)

eI B = b2, B L2 agiReG (B, REmEEEMGE L2348, &1
5

Assessment

TRV

Quality Risk

A modified FMEA was used to perform Quality Risk Assessment (QRA). A template
created for similar products was used as a starting material with appropriate
modifications.

KAV B I FMEAREST It & AR PR o AR SR ABA ™ it A, IR AT i 1B 2.

Using the risk assessment process:

PRt 1 A2«

« Initial categorization of process parameters was performed

TN L ESHIIYI 52K

« Initial framework for control strategy was created based on high risks identified in the
risk assessment

AR UG VA ohify i 1) g AU, ST (A s ] SR AE S

» Process characterization studies were designed based on prioritization developed from
risks identified in the QRA.

F T o AU TR Al o RS TR B 8 B 56 4], it L ERALEER:

« Statistical methods involving DoEs (screening designs to full factorial) were used to
understand interactions of high-risk parameters and a design space developed wherever
possible.

K ARERE BT AL 34 F 5D MGk, Bnxd e KR 250 BAEH
HIERfE, RATREE LTS [E

« Downstream process determined that
acidic variants impacted biological
activity.

N L E R TR VE AR AR B R AR s
.

Placed tighter controls on in-process
hold times to control level of acidic
variants.

Xof B A TEOS T 2R AT P2 st DA
PR AR B 7K o

Updated Quality Risk Assessment and
the Control Strategy. Increased the
concentration of final bulk to save on
storage capacity

R o XS VA A o SR o A e
LRI L R = A7 BE
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« Scale-down models were created and tested; some required qualification (e.g., virus
clearance). In these cases, protocols were created and approved by Quality.

IR E A A RO EOR BTN (R ER) o XMIEILT, NS
J7 5T e B R ] At

« Based on characterization and small-scale model studies, operating ranges for process
parameters were finalized.

FETRAEF/MEREBRAT 5T, #i2 LZESHNsTiEHE

» Acceptance ranges for performance parameters were established
HESLMERES B T 232G

Finalize CQAs and
CPPs

f 78 % B o1 2R 1
MRETZSH

« Based on process characterization and scale-down model studies, the QRA was
updated, which in several cases required re-scoring.

BT LR B MR T, SRR XS PRI 1, A T AT

« In a cross-functional team, the CQAs and CPPs were reviewed and finalized. The final
CQAs and CPPs were subject to approval by the Health Authorities wherever applicable.
HMZ I RAMKNA, SRR E R RBR NG TZES8. &, RARR
o B R VRN OCHE T 2SR B 24 M ] Atk v

 The control strategy was updated based on the understanding of CQAs, CPPs, process
controls, and detection capabilities.

BT R A, RTS8 T2 Rh R I RE iR, S I SR

Documenting
Process Design
T2t

e The Process Design Summary Report was updated (CQAs, CPPs, unit operations,
operating ranges, specifications, and acceptance criteria and controls).

EH LWt B4kt CEEREE. RETESH. Bouile. BIEu. trdE, w7
£ Ui R ANE X IE =7 00)

< A commercial manufacturing was site was identified (12K bioreactor capacity), and a
team of scientist and process engineers performed a facility fit analysis to identify any

gaps in equipment capabilities.
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T E AR R (12K AR BEAS K7 RED Rk O L E LR WA st N AT
FRIE T, DURAE &R 7 B ZERE

e Tech transfer process was initiated to the commercial site. A tech transfer risk
assessment was performed to understand the high risks. Scale-down model process
transfer was also started in parallel.

RS R A TR R RS o BEATHOR AL B0 AR PRAG,  DARE— 0 P XU . [
TrHaftE g MER I L E

 Around this time, the analytical method validation was completed.

FEIX— I (a],  C5E R A i R

Process Validation

« Specific validation protocols were identified.

Master Plan f 8 R 58 (R IRIE TS &
TABAEFE R « The process validation strategy and ancillary studies were described in the plan.
FE TR i ik 258 00F S A4 BRI 7T
Process Equipment, « The facility fit assessment identified the requirement of a larger scale centrifuge.
Qualification Utilities, and | JiE PR TEAL ORI AR BRI B AL
TZA Facility » Based on user requirements and design specifications, the new centrifuge was ordered.
Qualification After FAT and SAT, the equipment was commissioned and qualified. To understand the

B BN s
ZZIN

control required, a risk assessment was performed.
FTH T RAMBARAE, 1T B LAl 7S RFATHMISATIE, #4717 a8 AT A -
N T PR T AR, BT T KU TRl

Table 7.1-2 Stage 2: Process Qualification (Continued) ik 2: T2\ GERTO

Category 25|

Activities ¥&3)

Outputs/ Deliverables #Hi/45 5%

Rationale/Examples JEHE /A

Process

Performance

Technology Transfer

and Engineering

 The transfer process used engineering runs to demonstrate that the process worked and

to fine-tune the operation set points.
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Qualification Runs R R TSR SRIE TEFGER, IR e & it AT oM
T EMReIA HAREBMITFEIZ4T | « Two engineering runs were performed using GMP materials with draft batch production
records. These runs enabled training on the new process for the operators.
KHGMPYIEHAEAT 2R TR IEAT R, JFidRAERMICRE R . XIS4T AT H T Xf 44
AT H T2
« The Process Design Summary Report was updated with any changes to process
parameters.
XA L ESHNART, PSR T2 a4
Process » A checklist was used to ensure that all the processes and procedures were in place to
Performance start the PPQ process.
Qualification KRR R R DS LM, LR S L Z MR AL
Readiness * PPQ protocols were drafted and approved.
Assessment TAMERERIN T R OASEE, IR 3L
TEHaemANERT | « A sampling plan that described the sample points, number of samples, statistical
LTl justification, and analytical methods was created and approved.

CES B THRIFAS B, AR BRI S, i k2 ikl DL 05 12

« A Continued Process Verification plan was created to identify the parameters and
attributes to be tested and monitored during PPQ and Stage 3 (Continued Process
Verification).

NS T EHIATHR], AR T EMEREM AP 3 (FP8: T 2L il Az
1l 1 S HOR o = i

Some of the elements included in the plan were justification of parameters, frequency of,
statistical procedures used to determine state of control, and handling of excursions.

TR EAE R ZRESH . FUREE KRR . T IE R B T 2 RS MG J7 ik,
DA SRR PR R AL 2

A qualitative decision tool was used to determine the number of PPQ runs. Some of the
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factors considered were:

KM TR, e m L2 ek, FHEIHIEEaRE.

0 Process variability (e.g., novel and difficult scale-up unit operations, raw material

variability, age of equipment and facility, level of commercial manufacturing experience of

operators, clinical manufacturing experience, robustness of control strategy).

TZAA (Bln, HFIXMER T ZBORERAE . JFORIAR . B M R e W, #4E

BREDNACFI AT ZL . RS AR G50, 1S S R 32 1)

« The tool suggested a range of 5-6 runs for the PPQ campaign.

Z TR TE-6 IR T EMERERE

« Discussions with the Health Authorities are helpful and generally a proposal is submitted

for the number of runs.

ALEF R TR, 8 2R I R B A

« A similar approach was taken for DP PPQ campaign.

#1350 1) T2 R s R F 2R A2

« Materials generated during the DP PPQ campaign will likely expire before approval.
Depending upon company practices, one may perform one run at full scale and others at
reduced (approximately 10%) scale.
FERIF) T Z RN B P BV R AT e e AL AERT I 1o AR A I B E 20K, IR IE it
HIBAT R, AR BN R CRAYIER R 110%)

« Cleaning validation that is specific for the new process was performed concurrently with

the PPQ runs.

FEREAT T ZMERERIIN RIS I, R BEAT 7 T 2 AR K AT Y0 E «

« Product and process comparability was initiated with approved protocols.

WG CHLHETT %, B3 A L2 — BT 5T

« A comparability plan describes the actions to be taken in the event of significant process

changes (including site change). The plan describes the testing program to be used to

demonstrate comparability between the Phase 3 and the commercial processes.
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—HEBT T RIIE TAEE R TERE (OFFE A D) I RCREIAT 8. Zih R
IR T 3B B R LA L) — B TR

PPQ campaign

 The qualification lots were scheduled in advance of the targeted submission date to allow

In general, Health Authorities require 6

» Multiple freeze and thaw cycles of the DS were also included in this study.

JEURFEA 0 2 R VR RO 24t BB AR 12k B

T2 MR ESL | for sufficient real-time stability data in the application. months of real-time stability data at the
2V 7E B AR B E AR TR BRI, BASRAR AL 08 SR R e PR 2a0 time of submission.
« PPQ campaign was conducted as per the protocols. TEH 2 T B SR A AR N R AC 64N H AR
F 5 SR AT T EMEREM B SR A 7 FE MBI
* The PPQ was concluded to be successful after all the acceptance criteria were met. By | « Any excursions were handled
meeting the statistically-derived acceptance criteria, the process was demonstrated to be in | according to the established
a preliminary state of control. The demonstration of state of control will continue into Stage | procedures.
3. T2 HR O ST A FE A A s
MR EITE T ARE, W T 2R AT . AT SR E @ L B2 ArdE, IEW T | - Additional sampling is performed for all
AT ERIRGS . 2 T Z42IRAS HUE ] RIS I B 3. the runs in the event of an unforeseen
» The PPQ reports were generated and approved. incident, which would have
LM RER AR S R B AL compromised the initial PPQ runs.
* The Process Desigh Summary Report was updated appropriately. 2 AR FIUH I (8] °) B X 5 ok L 201 RE A A
&R LW S i PP R,  REBEAT AR -
Stability « Three lots of DS and DP from the PPQ campaign were put into the stability program. « In addition to real-time testing and the
FaE L Z BRI =L J5ORE 245 R 1) T REAT A2 P25 ¢ designated  storage  temperature,

stability at accelerated conditions is
performed per ICH guidelines.

B 7 SR IR G AR, I S A
Ko MR B 4 HR ICHTE B EAT

» The stability program also includes a
comprehensive study in which the DS is
held at its longest expiry and then used

to prepare DP vials, which will are also
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held for the entire expiry time.
e RIS N AT 7T B R 2 A
IRACAEAE T, T SRAE 15, 7 R
L ER RN

« In addition to the primary stability data
PPQ

supportive stability data acquired during

obtained during the runs,
clinical development is also used in the
submission package.

Br 7 L ZPERe A A K P SR AS I B AR
SEVEERE, A5 R SO N AL I ROT
BRI SRR e MR

Table 7.1-3 Stage 3: Continued Process Verification BB 3: #r4: T 2HiiE

Category 285 Activities 53l Outputs/ Deliverables ¥iH/&5R Rationale/Examples JEHE /A

Continued Process | Process Monitoring « The CPV plan that was developed prior to start of the PPQ was submitted to the Health | « Preliminary control limits were

Verification T2k Authorities. established after 15 commercial batches

FREE T ZH0E FE¥ L ETERE IR A I A TR, R SLHFEE T EHE &) (including ~ PPQ  batches)  were
» Testing and monitoring were performed during Stage 3 according to the CPV plan. manufactured.

FEM B3, 1 MRS L2 uE v R AT DA 5 )
* CPV data review was conducted as described in the CPV plan.

ARG FF 82 T 2R UE TS o 1 475 8 T 2 e Sl

T8 5E ASHERR Y AE 7= CRLHE T 2 Re A
WO a5, BV ESIIR .
» Final control limits were established
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« The monitoring reports generated supplemented the Annual Product Review.

M A AT AR A 7 i [ ot 7S

« The CPV plan was used throughout the product lifecycle and helped to ensure that the
process was in a state of control.

FEREA = AR N, RS T2 iE it R, MR T2 T 2R E.

after 30 commercial batches had been
manufactured.

1858 BSOHL N IR A2 7= J5 s B ST 4445
il PR o

Product  Technical
Teams
ks 7 NEilN

« Each commercial product had a Product Technical Team (PTT) that helped to oversee the
process for the remainder of the product lifetime.

B A AT S BOREIBN, PR A A A A A R L2

« The PTT was also responsible for reviewing data from multiple production sites to ensure
consistent process performance and product quality.

77 A BRI A A7 B 8 A% 22 A S A Bt DLARAIE— B0 T2k BEA™ f 5

e

e The PTT is cross-functional, including
manufacturing, process development,
analytical, quality, and statistics. The
team is responsible for reviewing the
processing data that accumulates during
commercial production.

FE AR B 2 FB TR, A
LZIFR Jrfr BrEmMgit. &3 i
BT A AL AL A U B

e The PTT can recommend process
changes and helps to ensure continuous
improvement.

PR B BB AT A TR T, H B IR
Frakoiit.

Specification File

FRESCA

« A manufacturing process specifications file was generated at the time of the license
submission.

FESRASE N FRE I I, ARk S

« The file was updated upon approval and contained the licensed parameters that had been
agreed to by the agency.

TEME R LR S B I SR SO, N A A I HEHE A 2

The file is maintained throughout the
product lifetime and is be updated to
include in process and specification
changes that might occur.

FE7= ity B A A JEL ST, R AR SR AT 4
7, R R A (B2 RN L Z AR B I R A&
il
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7.2 Small Molecule (Parenteral) M3+ GESFRZY)
An example of the three stages of process validation for an organic, parenteral dosage form in Table 7.2-1 (Stage 1), Table 7.2-2 (Stage 2), and Table 7.2-3 (Stage 3).

F£7.2-1 (B  F£7.2-2 (rEE2) MEE7.2-3 (MER3) #2487 — NEHIESHIE T 28U =W B ol .

Table 7.2-1 Stage 1:

Process Design BBk 1: T2t

Category 283 Activities J53) Outputs/ Deliverables % Hi/&5 3 Rationale/Examples J& 2 /751
Process Development | Establish  TPP & | Parenteral drug solution dosage form:, sterile formulation in three multiple strengths, intended to | The product development process had no
TZ2HkK QTPP comply with the USP compendial requirements for injection. Target shelf life at least 24 months at | clinical trials; therapeutic strength relied on
ST HARTE SR AN | 25°C. bioequivalence. Thus, clinical
H AR i i A WARESF: 3RS TE R AL, BT A USPXIIEFFIIE R HEsEHAZE D N244 A | manufacturing experience was minimal
(25°C) compared to a new chemical entity.
PE R IT AR ARBEAT I R V6T A
IRAE A5 R e o BRI TR A 2444
EE, IGARAEE IR D .
Identify Critical | Active collaboration took place between R&D, development, formulators, and analytical scientists

Quality Attributes
WU SR o B

to identify potential CQAs and methods for detection. Experience with past liquid dosage form
manufacturing was vital in identifying CQAs.

Wk TFR ATTRITFEN AR T RE S SRR B, IRU3TERAE R DS B o B J M A 27 7%
DU WA 1 ) A 7 2 B A2 VR DR B o R R IR P FH K

Assays used to release product and test methods to release APl were developed and verified at
Stage 1 with the intention that they would be validated and transferred to the manufacturing site to
support PPQ.

FEBY BEUEE ST IF BT T 1 770 B 25 2 D00 RAT JsORE 2 IR 78, DB FEE AT 0, TR
BEAF=], NI 2RISR

Define Manufacturing
Process
EA T LE

Development was based on experience with previous and existing processes, excipients, and
capabilities at the company’s current manufacturing sites. The lab scale formulation batches were

produced using identical primary packaging material. All raw materials were in the company’s

Samples from these pilot batches of 400 L
were analyzed and tested to narrow down

formulations based on compatibility and
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GMP system.

TERRFET ] UAEMBLAE T2, ik A/ se IR AR . KSR AR A
S ERLA = e A OB BT & A FIGMP 3K

A DoE concluded that the DP was heat-sensitive, and therefore, would be manufactured aseptically
and not terminally sterilized. Followed by lab feasibility / formulation batches, the pilot scale
formulation stability batches (with at least three formulation pH levels) were prepared in an R&D
Pilot Plant. The solution stability due to maximum temperature during compounding, filtration,
filling and its impact on DP degradation rate and impurity profile was established.

BEAT IR BE T, RIS ARG, BT ORI T2 AR B 2 K o E 5256 5 A
F AT T BRI A 5, AERT R ) s i & b O AR E ekt (2= N3
ANFPHAKF) o BENL T ECRH IEE R O XA AR E MR RO, X i) 7R e gtk 2 AN
AR T3 AT RS

At least two API supplier batches were considered. Intentions were to use standard and familiar unit
operations and minimize the time to develop the process. The process for the formulation studies
performed at pilot scale (at least 10% of commercial scale) established knowledge on process
variability, CPP, and CQAs. The process scale-up parameters, manufacturing specification,
analytical, and biological specifications were established through pilot scale runs.

20 R PR R AL RIS HE IR H AR R AR HERISEARRAE TR, I8 20T R IR
ZRAC. Pl (EDEAER10%) MATTHE R R G T L ZEA R, RERES
B VLRASIO AR AR Al s A e L T ZOR S A bR iRk, B
AW AERR o

stability due to:

Xf AR AL B 400LEAT IR A0y, FE T —
BV RIRS SE PR IR R AL T -

« Light sensitivity, St

« Oxygen sensitivity, and #£ 7 &l

« Formulation pH, 477 ffpH

« Container material incompatibility,
BT AR A

» Manufacturing material incompatibility,
AR AN He Ak

 Thermal stability,

» Color formation, and A%

« Any anticipated stability-limiting factors.
AT TR ) 52 i A 7 P ) PR 3R

Solution  temperature  controls  during
mixing, filling, and storage were also
followed as controls.

TEIR G BERIR TR IR R HO b, A Ar

AT 2 ]

« Scale-up models for unit operations were developed. R&D personnel provided justification for the
models and documented the limitations through design and stage gate review processes.
FESLAS T RIBORRA . Sl Bt A Bed A%, WER N SR AR R e ST AR, IR % R
o

« The Process Evaluation (PE) studies were initiated prior to manufacturing of the stability batch

using the bracketing approach at the scale-up production GMP manufacturing site. A total of two

Tests of the Quality Attributes included:
o M R L

« Appearance and identity &hR1 4% )
« Purity test ZiJ&

« Solution pH AW pH

« Osmolality BB EIRE
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scale-up batches of highest DP concentration using active product ingredient from two different
suppliers were manufactured. To establish and understand all CPP and CQA, both batches were
produced at full scale. The study design was based on risk assessment accompanied by an extended
in-process control program defined in protocols and product- /batch-specific sampling plans. These
studies established:

TEAE R YRR RT, TEBCRA = IIGMPT B R A FEINE B30 T2 M a7t . adtAzr=2
e IR B RIBORHE Y, TR AN A F BRI R JERL 2 . O 7 SL R T R i T 228
MOt R, 2417 B AR RER A KR . B 5T 7 R IR T REEE T R 1T A, &
B SE M — YRR sl TR, BLURCRE E P SR R TR I SERIE SRS T

o drug dissolution profile 24#%s t i £&

o degradation over the manufacturing process £ /=32 4 A (1 [ figt

o solution filter compatibility ¥ €240 2 Pk

o solution hold time % & 72 &

o solution closure/container compatibility. ¥4 R0 /75 2e F A 2

« Extensive sampling and specification evaluations were conducted. Characterization and
comparisons among the batches for both active ingredient and finished product were performed.
The data demonstrated that the DP met the finished product specification when produced using the
worst case scenario.

BEAT AT URE AR AEPEAN o 58 B 17 IR M 770 A P K R SR AE A U o B0 S8 2R T
FESRATATIN TR BENE 15 R o AR A o

« Research personnel were primarily responsible for these batches, but manufacturing site personnel
were also involved.

RN GO IR R 88 — st N, (HAEP NN 2,

« Dissolution profiles ¥ ik

* Process impurities .2 245

» Particulate matter $0RL{4:4 R

« Microbiological attributes {44 #4544

« Sterility assurance levels

T AR UE KT

These studies established CPPs:
RS T R L E S

*RPM %%

« Temperature i@

« Dissolved oxygen ¥ fi#4

* Mixing time V&4 1 &)

There were 10 sampling points throughout
the PE batch of 2800 L during filling. These
(eg.,
samples at the beginning, middle, and end

encompassed multiple triplicate)
of the process step. This approach is
patterned after other heterogeneous system
sampling practices, such as the FDA’s bulk
powder blend sampling schemes.

FE2800LERE I FEAL R T ZPFA 4710
ANBORE R BRI REIT AR ) A s
REZAEG (N—X =D o X
THERMRIE AR AR — RGIURERAE (0
FDAR RIS HURE TR 57

Quality
Assessments

Risk

Formal risk assessments were performed during development. The scope was limited to the

manufacturing risks of the product and processes. An approval of this document indicated that the

Risk Ranking and Filtering (RRF), which

included severity  and probability
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Jo B AU VA

residual risks and associated risk scores with development DOE activities were acceptable to
process with an entry into the stability design phase. Well after Stage 2, other formal risk
assessments were conducted during Stage 3 and during a long and successful commercial
manufacturing phase. This included linking the worst case scenario for various operations, which
aided in the development of the design space.

FETF RN REAT T IE R KU Al o Tl Ve B PR A £ 77 ot R 25 AR 6 AUy b o 2 S0 AL
RYITF ARG BT Bl Ak B XU MR 52 (0 KU 1F 70 8 T #5252 10, I E ARG SE PR BB
TERTBL2J5, AEBT BB AL J5 Ik AR 7 AT A 1E SO PG . X AR B 22 55 1 5 %4
TERSGEE, XA BT @S et =3 6]

components, was used. This is a simpler
tool to understand; it enabled focusing on
the most important factors. Other tools used
were FMEAs and Cause and Effect
diagrams.

KRR HE PP A, LA P S AN AT R
o XRANESIMEK TR, ERETER
HIEME T A T B AR U5
ma o i R E.

Process
Characterization
TERAE

Unit operations were optimized to improve efficiency and robustness. Using experimental and
scale-up studies, scientists were able to establish scale-up process parameters and perform
evaluations prior to stability runs.

X & LR RAEBAT AL, SR R 321 . R R FBORHIE T, R 5 RENS ST TROR T
ZBH, JHERE R A P T EEAT VA

Improvements in the process included enhancing immediate dissolution through solution mixing
process optimization, in-tank solution pH, and a dissolved oxygen monitoring system. Process
characterization or evaluation studies were designed using a DOE approach to minimize
experiments. There were numerous research and scale-up / transfer reports, along with qualification
and process understanding reports. Qualification of the most critical excipients from a different
vendor was performed on the full-scale drug product.

T 2R Bt O ERIR S T2 NS R pHAE A R4 RGUOR ISR I R . SRSk
BB AT T RSP O T it DU RIG i . A ICEE R AT R4k

PAB AR T 2SR AR AR 5 o A I bt B ) 70 A 77 0 R |8 S [ 57 7 ) B O SR bR AT AL

Qualified excipients were those that
impacted CQAs, such as the ones that
controlled pH and osmolality.

i A R IR A S L R i O B i e 1 »
Uz pHANES & SR L R -

Finalize CQAs

and

« Issues with respect to API dissolution occurred during development and scale-up due to variations

CQASs were: J i &2 )@ M A2
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CPPs
i 5 K B o B s kA
KT ZEBH

in raw material particle size. The scale-up process parameters for agitation and solution temperature
were modified and evaluated from model calculations. Manufacturing procedure specifications
were modified and evaluated to confirm finished product CQA.

FEFFRABORERE S, H T ERPRAR A AR A, 30T ORI 27 . SR AT B, X
RILZEWFAERORE N LESHAT TR . XA LERT T, 2
P20IND TIPS s R

* CQAs for the solution product were identified early in development, refined during Stage 1, and
implemented as final specification in the manufacturing procedure. These generally inherent
attributes from the molecule and formulation provided desired activity, purity, and safety. The
review and approval of the CQAs was performed by a dedicated team and documented in a formal
report. The process parameters that impacted the CQAs were identified in PV protocols and their
criticality determined from results of the PV studies.

TR it 1 DB TT  J M AE R B B L EAT TR, TERT BRLBEAT T ik, JEENE R
RAFFERAT . RS> TR TT BN AEJE TSR 1 BUBI R e e . aifE R4tk didRE A
BEAT SR T R A A A, IR ISR o AR T EIRIE Ty 58 R R S 5 R R
TZBHOHAT TR, FERIE L2 A4 e 7 HOCR R .

« Solution pH ¥ pH

« Dissolved oxygen A fif4

« Drug dissolution and homogeneity

2 oA —

* Process (i.e., drug) impurities
TERM

« Drug concentration (potency)
ZPIRIE A

« Osmolality BiEEIRE

« Microbiological attributes 4 4484
« Sterility assurance levels & B {#iE/KF

Documenting Process
Design
LZEBRT

¢ Analytical methods were not validated for PE/demonstration batches; however, they were
validated and transferred from R&D to manufacturing sites prior to stability batch production at a
GMP site. Factors included specificity, forced degradation, precision, linearity, LOD/LOQ,
accuracy, and robustness.

W T LEFRRIEHE, AT T 07 E ERAIE: B AERR E YL IR A P i LA T 38 I B
REBEAET] . WEBELEE. BB RS, &k, RIIRGE R Ak A
21k

« Scientists were encouraged to write technical reports that summarized different aspects of the
process. In general, they focused on a single unit operation, describing changes and improvements.
A technical review reference document was also prepared. It summarized all of the developmental

reports covering methods, ranges, conditions, and knowledge of the entire process.

Analytical methods were dependable but
not validated initially since:

AT TR, (H B BT B AR
iE, BN

e The knowledge-gathering phase with
experimental batches early in the lifecycle
were carried out

TE A iy JE 3 1R 0 2 58 R 56 4 19 AR
LVES

« Draft specs were used and case changes

made in the ranges
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SR A EERARIR S, BELZNARTE. @AM E TR AL, XAEH
HOHBHT IR . ERERERARFENSHE M. BRg T IEIF R, MBEEAN T2
e JERL FREEAIAIA

» The documents are updated each time significant process changes occur. The technical review
reference document and associated specifications and procedures are filed in a central archiving
system, and are then used by manufacturing for generation of batch production records.

ME KT AT LA, NSO AT . BORFESH M MR ERTE AL TR,
HHFHEA ISR HIT .

KR GEbRE, AR S AE 0 Y

 Saving on timeline of analytical method
validation at this stage

WE T AL BT I UE I 1)

Upon site transfer, lab analysts will be
present for method validation according to
internal SOPs. These will also meet ICH
Q2, USP or other regulatory or compendial
standards.

TEJJVERERE I, TR0 3 A 50 G 7R 44 R P 50
SOPHEAT J7 i8I . HVFFF&ICH Q2.
USPER I A 72K/ 24 dt b v

Process
Master Plan
T258EELI

Validation

Developed a detailed Validation Master Plan (VMP) that identified specific studies to be performed.
Individual Process Validation protocols were written for each batch. The PPQ batches were
completed just before the expected NDA approval.

AL VRS IE F TR, R TR AT AR R R TE S . & W R A R L 2R 2 .
TR REM VAN W 75 T 47 245 1 2 T 52 A

« In addition to new process validation studies, the plan identified studies and appropriate references
that had been executed for other projects, but would be used to support this product.

BT LRSS, FREE U T I H CoR BT RIS 2%, (HEEN X
AL R

The process validation plan was initiated
prior to Stage 2 to identify supportive
information needed from Stage 1. However,
the formal Validation Master Plan was
finalized during Stage 2, when all attributes,
parameters, and systems were known.

T 2L THRISAE R Bl 5, e Br
i R B B L SRS B . HIEUHY)
B0 UE F L RITERT Br 2 e, XA O A
TETAERE. SRS

Table 7.2-2 Stage 2: Process Qualification [frB 2: T.Z#iA

Category 3| Activities ¥E3]

Outputs/ Deliverables %yH/455%

Rationale/Examples J& 2 /741
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Process Qualification
TZHA

Equipment,  Utilities,
and Facility
Qualification

B WA
i

The extent of the qualification and verification of the equipment was based on risk assessment. The
critical aspects (e.g., critical functions, controls, and attributes) and other system components or
functions were verified to be fit for their intended use. Equipment and utilities had to be in qualified
states of their own for any product used. This activity was carried out according to plant procedures
to maintain a state of control.

VA AN E ) V0 B RS T PP Al . OGS 5T CAnoCER TR 48 HIAER L) AN A R 5
A BT RE AL ST PUE . WA FIUOIE RLAL T HUCIRAS o X RIARYE L AL P 2ET
PAGRFEZ AR

Qualifications and calibrations were confirmed. Any system for which proper operation was fully
ensured through routine calibration and/or preventive maintenance programs may not have required
formal qualification.

X AE SRR AEBEAT A o X T it H R v A T 44 R O 1E B AT AR T R
gt, ATREAN TR E AT IEAH A

Qualification was performed for:

XTRATF HEATHhIA -

« Agitator mixing speeds i3k VR4 &
* Sensors, such as level, volume, and
temperature measurements

TR AR A ARURI I 5

« In-tank pH measurements i Py pHIl &

+ Oxygen measurements 4l &

« Solution filling system AR % R %5

« Storage chambers (frozen). Y% 7748

Process Performance
Qualification
T MRemiA

Technology Transfer
and Engineering Runs

FREH R TR AT

« Manufacturing, analytical, and biological procedure specs were transferred to the manufacturing
site based on process evaluation batch results.

RYE L2V LA R, AT SRR EAE

« Three stability batches of DP strength were produced at 10-15% of commercial batch volume.
PAL0-15% i b Atk & A 7= 34t e s 1 il 571

 Three different batches from various API suppliers were factored in (matrix approach) among all
stability batches. One batch with the highest strength per API supplier was performed using the
worst case scenario for CPP (e.g., solution hold-time). Stability studies were initiated using tank
release, in-process testing, and finished product release testing assays.

P RS VERE IR 7 R =R B AR ES R R RO 2 GREREIED) o Herp A% e ) — R A
RZE LA iR, EBCEAFNED) A= o FosE PEW 0 R RO BETBCAT - o 1 42 ) 0 0 o
At AT IR 5 B E

< Analytical and microbiological methods were validated. Assays were performed by a dedicated

stability operations group. Long term stability studies for the aforementioned batches at 2-8° C/60%

The demonstration batch included verifying:
IS UFHLISLAf A -

« Solution mixing process ¥ RIEA L2

« Filling process 3 T2

« Sterilization process (as applicable)

KB L2 CGE4m)

 Packaging and confirmation of finished
product meeting final specifications.

B BEIRA AT A i 28 o o Ar o

For the registration, the different suppliers
provided matrix; everything else in the
process remained the same.

VRS 5 SR R R 1028 AN [R) (4L L 7 1 5
Wi, oA PRFFAAR
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RH; 30° C/65% RH and 40° C/75%RH were initiated. For one batch of each strength, stability data
were generated for the products, which were stored in an inverted orientation. A formal stability
plan was prepared prior to entering stability production, and was issued prior to submission. Formal
stability production protocols were issued for each code prior to stability production.

XIS AT AE A T AT RAIE o B BN E BT TR E AR I N e R A B IER E
PR )y E2-8° CIAHRTEIZ60%; [FIIN #EAT R EE30° CIAHXS I EE65% FIifJEE40° C/AH
IR ETE MR . %7 b B RE— AR, BIREAT — AR MR, IR DR AR E VERE S (8 B A
B TERATARE A AT, BT IER R v R, HAEIRAS R BRI R AT . fERaE A
FRHT, RATIERIRE T 5T R

« A full-scale commercial ‘demo” batch was followed by multiple PPQ batches at a manufacturing
facility for launch quantities

FEIE R DA B A BRI S , 2247 BT 2 T ZVE Rt L™ i

PPQ batches verified the same process
parameters and quality attributes used in the
demonstration (pre-validation) batch.
T2 =IE e (TR
MR TZS MR IEET 7 ik,

Process Performance
Qualification

Readiness Assessment

« Sites for the commercial production process were identified in Stage 1. Readiness for PPQ was
confirmed at ‘Stage gate’ meetings.
TERY BELf s L A = St . FRAECBR B A S W A T2 M R A T &

Ensure finalization of: & #i5E :
« Specifications £/ ik

* Previous reports (e.g., Formulation, PE)

mid-range strength, and 1 batch with the lowest strength of finished product made at the

T2 MRema A | PPQs runs took place under nominal, routine conditions PUERE (kb T2
WAL TE MR IR B IR AL T A, * Equipment and facility qualifications
B A
» Previous batches done at worst case
scenario
IR FE AR AR
e The readiness of other items, (e.g.,
labeling
FoAt g CanGRE) AOHES IS
PPQ campaign Material requirements to support commercial runs determined the number of runs for the campaign. | « Solution Mixing step: Time, Temp,,
T2 MERERIA The DP PPQ campaign consisted of 5 runs, covering 3 batches with highest strength, 1 batch with | dissolve oxygen, agitator speed, solution

homogeneity by drug assay, and pH-
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commercial production scale. Additional sampling was performed for all the runs. All runs that

meet commercial release criteria could be used to support commercial supply. All PPQ batches

were performed at nominal conditions.

LA PR ESR PE T LM RERA R . IR L2V RE A LA 5L, AR R

AR HI3HE . PR A, DR MRS I — k. SR RLAE R P LR kAT
THONKE . AT A AT EE SR IRLRE T ETAERL. BT T2 Re il i X ERTE IR 2% 1

NS

« Hold study was performed on one of the three highest strength product batches to establish and

validate hold intervals for solution mix, fill, and hold prior to sterilization (as applicable).

PR B K I LA AT S A I TR0 9, DA I UE VA TR A+ VAT I A7 T8 ) B T ) B
Ce=hp

« Data report of initial analysis of the variation of outputs such as quality and performance attributes

in stages 1 and 2

X AR B HEAT AR 0 T ORI G Be LR 2 rh o R R AR

« Cleaning validation that was specific for the new process was performed concurrently with the

PPQ runs.

e LEMHERIES TZM el R B 3E1T .

mixing validation

WHORA D ER: IR R WA, W
FEHRT I L E A E R —
P, PLRpH-IR & 5SHIE

« Sterile fill or terminally sterilized finished
product testing: finished product assay,
degradation and impurities, pH, particulate,
microbial and sterility testing.

TG T T i KR 7 it R RS
BRA . B pH. KT AED
TG B

The number of batches in the entire process
validation Stages 1 and 2 were:

AT BELRO B B 2896 F Fik i B

« 3-6 feasibility batches 3-63tt 24t

« 3-6 formulation batches 3-6tt4b J7 i et
» 1-2 PE batches 1-2#t T Z ¥4 fit

« 3 stability batches 3#tbFz 2 Mtk

* 5 PPQ batches 54t T. Z L EE AL

Data were analyzed for the total of both
stages.

Xof 24N B BRI B 2R 4T 53 H

A slight variation in the number of
development and PPQ batches can depend
on dosage strengths, complexity of
formulation and process, and results of PE

and stability batches.
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AR~ i L AT LR AR FEE LR
T AR E LS 3, PR T2
PEREB AL BT W32 B

Five batches provided 3 at worst-case of
most  concentrated  conditions.  Lower
concentrations were confirmed with 2
batches.

SHLH AU RIRIE (=% o KK
JE TR AT B

Timing of PPQ batches were scheduled in
advance of the targeted NDA submission
date to allow for initial data in the
application. In this case, 1 month of
real-time and accelerated stability data was
available. This led to the respective start of
the DS and DP PPQ runs 12 and 9 months
prior to the anticipated approval date. PPQ
batches were thus able to be
commercialized.

FE TR B 25 W S 22 H AT o T2 R
NN 0 sy | IR 17 S AR A
B . ZXAMEOLN, AT H KK
I Hds . AT AR Ut H T2
9/ H 43 Sl TF 46 JEURE 24 Al 1 ) 2 1 g
BRI = o XA T 2R RERA ALt AT DA
W& T

Stability

All batches of DP from the PPQ campaign were put into the stability program. In addition to
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real-time testing and the designated storage temperature, stability at accelerated conditions was
performed per ICH guidelines. In addition to the primary stability data obtained during the Stage 1
runs, supportive stability data acquired during PPQ runs was also used in the submission package
on an as-needed basis.

TEPEREIN R A SRR AT R 1B 5. B TN AR e i AF il 24t IR B %
HEICHFR Bt AT I 2 k5. B 1 I BOUBRAS R AR RS e e, R, 7R L ZMEREmA
TSR I SO AR E PEEOE ) T H R SR

Table 7.2-3 Stage 3: Continued Process Verification B 3: #:4: T 2HiiE

Category J55

Activities J&3h

Outputs/ Deliverables %y Hi/45 52

Rationale/Examples J& 2 /74

Continued Process
Verification
FrE: T2 AE

Process Monitoring

TZkE

A process monitoring plan and trending were developed during the commercial phase. The
monitoring plan was used during routine manufacturing to help ensure that the process remained in
a state of control. The process capability metric and trend analysis were performed with positive
outcomes.

FERM A PR B, @ T M R AT R B AT
TEHIRE . SRR IR FES e R R .

TR T H WA R iR T 24

e Performance metrics (e.g., Yields,

complaints, and deviations) continued
during commercial production.

FERG AL A 7B BOdEAT I 4R PERE SR bR (i
LBV ZE)

« Process robustness contour plots are used
when the number of data points is small
(e.g., less than 20-25). Process performance
capability indices, such as PpK and /or
CpK, are used for 25 or greater data points.
LR/ (it F20-25) , RATZ
M 3255 e B Es B AT 250, R
M ENERERE 4R R, Bl A RE4E %L
OUESSR X VAR V8

Product Technical

Each product has a Product Technical Team (PTT) that helps to oversee the process for the

Additional studies, including PAT, DOEs,
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Teams

77 d AR A

remainder of the product’s lifetime.

B A R BOR BIBN, i Bl A i A i U AT A

The PTT is cross-functional, with representatives from manufacturing, process development,
analytical, quality, and statistics. The team is responsible for reviewing the processing data that
accumulates during commercial production. It can recommend process changes and help ensure
continuous improvement. The PTT is also responsible for reviewing data from multiple production
sites to ensure consistent process performance and product quality.

FE R BN Z TS, AR IR . RS HRITAAR . Z EIBA i
DU LR LA PSR ) TE i . 0 AR M I, B OREFRS . 72 i BOR [ BA 1
DUE AN F A RO, B OR— SO MR

continuous processing experiments, and
clinical studies were carried out in a long
Stage 3 to improve the product line.

FEMY B 3BEAT FARAT 5T, AFmd AR i i
ARG FRE L Z R AN ARAIT 5T,
AU A 7 2

Specification
File/NDA
Supplements

B SCAF T 2540 78 R

i

Numerous supplements to the registrations were made to add new manufacturing and testing
facilities. Transfers and process validations were carried out during Stage 3.

Manufacturing knowledge documentation files generated at the time of development are updated
regularly with all pertinent studies.

SEARHT AL P A I8 B0 XM SO T 2 Rk e . FERT B3 TE I L A AN T ZHHE. R
AL, ISR I 7 A B AR 7 SRR SO

Critical quality attributes and parameters have been agreed to by the development and quality
organizations. The process understanding file is maintained throughout the product lifetime and is
updated to include any process and/or specification changes.

TR BRI — i e R R EE S TEEA AR AN, X LR E S
ATHEY . BT, DU SR AR LA ER AR T .
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8.0  Appendices
P

8.1  Appendix 1: Statistical Methods for Determining the Number of Lots

BiH 1. REHBERGTE 75
Listed below are statistical approaches used to determine the number of lots that may be required at the
PPQ stage. Other approaches may also be suitable. As there is no standard industry approach to statistically
determine the number of lots, multiple options are offered. This section will provide applied statistical
methods for determining the number of lots. It will also stimulate further discussion on this issue.
Regardless of the number of lots selected and the acceptance criteria used, the data collected during PPQ as
well as CPV should be statistically analyzed to help understand process stability, capability, and within
(intra-) and between-lot (inter-lot) variation.
N HAIZE AL PPQ BB T g ik BRI Siit 705k BRIk 2 ATk 9T se& A . KA
AN IR G2 EPGE IR AR AE TV, BT DA AR 2 R 7 VR [FRE AT USRIt . A & 500
SefE R S et 2207 1%, RS AER N 7 E IR A I8 . TR s BRIt Bz LA
SRR A2 e £ /0, PPQ AR A #R R BEAT G v A AR BB T2 Ae e, TE
HE /LA B Atk Y AL ] R AR AL, o

8.1.1 Average Run Length (ARL) to detect a px100% lot failure rate

LRI R (px100%) HFHEITKE (ARL)
The average number of lots until the first lot failure is ARL =1/p. where p is the lot failure rate that is
important to detect.
B H LS — ORI P RECE (ARL) =1p, o p RHLRIGER, W p 2 REET.
Example: A lot failure rate of 20% is deemed unacceptable for a given process. A lot failure rate of 20%
would be detected on average in 1/0.2=5 lots.
P 7+ FEAE— T ZH1 B 20% HI 7L KIKFAE e ih Fg AN E 12 1] o 177 20% HIHE FIFE AT LA -F-#47110.2=5
AR I o

Common choices for p would be 25%, 20%, 10%, and 5%, depending on the other factors given earlier
(e.g., prior knowledge, risk, production rate) Five (5%) would generally be the tightest value to consider
since a process running right at the Acceptance Quality Limit is still expected to have a 5% lot rejection rate.
If applicable, this approach can also be used to determine the number of lots to use with tightened sampling
during CPV (continued process verification). It may be particularly useful when there are many quality
attributes to assess. Rather than determine the number of lots required separately for each attribute, the PPQ
stage is complete when all attributes pass for the required number of lots.

B p FHUE T LA 25%, 20%, 10%A1 5%, HEGRTREIRKEZE (b amrznis )k, 4=
K)o — R 5% p BN R B IHUE, ARSI T 2 e 332 i SRR FE g A7 IR s, (A
V3 %L R S % ARG, XA ITEW AT DU TAE CPV (RREER) LML) H DAk sE i
WORE AL R BOCR, Rl 4 LA VP2 iR Bl DI s A . SERMBERRT G R
VeSS @I, PPQ M BA A2 58 B, AN R BB — @ MRk kg ik i

8.1.2  Range of between-lot (inter-lot) variation expected to be covered in n_ lots
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FE ny Atk 7 2 2R T A IR AR A0 T

Table 8.1.2-1 outlines the expected between-lot variation coverage in n_ lots.
% 8.1.2-1 TIRAE ny #H B IR A2 10 78 75 e
Table 8.1.2-1 Expected Between-Lot Variation Coverage in n_ lots

Expected Coverage Number of lots n
T F 78 o Y HEREE n,
33% 2
50% 3
60% 4
67% 5
5% 7
80% 9
85% 12
90% 19
95% 39

Example: It is desired to represent two-thirds =67% of the between-lot variation during PPQ. The number
of lots required is n_ =5 lots.
250 1R PPQ WM EEK 213 (6T%) HIHLIHZEIL A BKATHE A H 5 Fyn =5

Expected coverage is calculated as (n.-1)/( n +1). This follows from the expected percentile of an order
statistic being its rank divided by n+1 (53). This approach does not require between-lot normality. The
method may be modified to provide confidence levels of coverage instead of expected coverage. The
approach may be used to determine “step-down sampling” during CPV. For example, highly tightened
sampling may be used in PPQ for the first three lots until 50% coverage is reached. At that time, the PPQ is
considered complete. Moderately tightened sampling for critical characteristics could continue into Stage 3
CPV for four more lots until 75% coverage is reached, at which point routine sampling begins.
WA SRR AL (-D/(notl) . RAKERFFGTHE A7 S5 R ER DL n+ L HEWT S 2] X A0 5
IATERIA IS . ZINER RESHEATIET, B DARLE 2 o R 1 EAR KPR B B A ih . 1%
T AHALE CPV MrBiksE “iB s/ DIURE ", filtn: PPQ W BXHT 3 ik 75 2 5 P4 ) e B3
50%M)78 i Ak E, BEi, PPQ BRI BLAASER 7o fEMTEL 3 CPV 4 fitEisE 2 it b A 5 B S f R
PEBEAT SRR BE R IURE EL B 75%IM 8 a5 Rk B, BEJE N R ST H R I .

8.1.3  Within and Between Lot Normal Tolerance Intervals
P K ALE EH A ZX

Statistical tolerance intervals are commonly used in validation. For example, a capping process may have a
validation criterion of “demonstrate with 90% confidence that at least 99% of the removal torques for the
lot are within specification limits.” Tables of normal tolerance interval factors for variables data are widely
available and also implemented in statistical software. Specialized software is available to optimally
calculate the desired confidence statement. Normal tolerance intervals for the total process variation over
time are more complicated; they include both within- and between-lot variation. Standard normal tolerance
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interval factors assume that there is only one population in the data. However, most PPQs contain multiple
populations since each lot is a separate population.

b B ik E A ZE X A B, FLas LEM—NRuEbR iR “UEE /> 99% bR T K
PIFERRAERR B HAT 9000 B S B2 7. 1 & BBl i) 8 i o 22 X AN R TV 22 G SR A R mT DA 3191 2
A DM b R DACAG T S TR B BAF IX ] RS T 2R A 3 20 22 X ) s oRoBl 53 %
AT ELFE T HEP BRI B9 AR A o BRI 2 Z2 X TR R AR it o R — k. SR, T
A A B, RIR 25 PPQ B T 2 AN A

If there are no significant differences between the lots, the simplest way to deal with multiple lots is to
combine the data. ANOA may be used to compare lot means; within-lot variation may be compared with
the Levene / Brown-Forsyth, Bartlett, Cochran, or Fmax tests (54-57). An omnibus test may also be used. If
there are no significant differences between lots or if the between-lot variance component is not statistically,
the standard normal tolerance interval for the combined data may be used. The sample size per lot and
number of lots should be statistically determined to have adequate power to detect any between-lot
variation.

IR R E N E R, A2 RIRE T R TE R SR . ANOA (J7 Z 700 Al T+ Eedsedtt
I8, #EINAZ 5 Levene / Brown-Forsyth, Bartlett, Cochran, B Fmax #&363E47 tbak, e bAH %
BRI A SRR B35 2 R bR ) 2 B A gt S B AT DUE & 0 S B
FRBRERE I I A ZE X ] BRI REAS 8 DL A AR H Gt 2 ok I 2 DU I 2 AE T 46 8] ) A2 4

Example: The specification for cap removal torque for a small volume parenteral (SVP) product is 8.0-12.0
inch-pounds. Limited data from Stage 1 showed a standard deviation of about 0.5. The production AQL
(Acceptance Quality Limit) for removal torque is 1.0%. The acceptance criterion for the PPQ is to show
with 90% confidence that at least 99% (1 minus the AQL) of the cap torques are within specifications.

B DB i I i R TT I RilAe 8.0-12.0 ZE/ 1%, BB 1 A IRATEH 2 D it thi
ZEE05 LA S I IFERT AQL (I #EZ N IRIE) 91.0% . A4 PPQ HYF] 1 ki itE W N Z b
99% (1 M2 AQL) HIM i I T A br P B 17 /E 0 90% .

Three lots are included in the PPQ to evaluate the within- and between-lot variations. A sample size of 30
units per PPQ lot was tested to detect between-lot variation as large as the within-lot variation with 90%
confidence (58). Samples were tested from throughout each of the three lots, and the acceptance criteria for
each lot was met. An I/MR SPC chart indicated that the process was in control during each lot. Normality
tests for each lot did not indicate significant non-normality. Since ANOVA and Levene’s test showed no
significant difference between the three lots, the data were combined. The 90 test results had a mean of 9.59
and standard deviation of 0.51.

PPQ /1] 3 T LA IF O P AR HLITHIZE I . 1~ PPQ FEA/H 30 TNHERE AT M1 AR A
HIZELL, B15/247990% (58). MFFMiAIG4 5 7 3 1~ PPQ HANIHE—H, FFHEF— A& i #%
Ztpit. CEHIMR CHEE-FEZIRZE) Zit i Ffes) (SPC) KIZH#E— it 1 Z L2175, AL
B VER T2 2B N I IS H1 7- ANOVA I Levene #4774 3 L 0 i 2 2507, H# st 7] LU &
HFAE—d2o 90 T 2 R AT LI 79 9.59, FritfhiZE % 0.51.

A 90% confidence normal tolerance interval for 99% of the population is 9.59+2.872 x 0.51=(8.13,11.05).
This interval is within the specification limits of 8.0-12.0. Thus, the PPQ has shown with 90% confidence
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that at least 99% of torque results are expected to meet specifications.
99%.41 74 90% £ 15 /2 A 42 221X ] 7 9.59+2.872 x 0.51=(8.13,11.05). £ [X [i] 7= i fE 1R /2 8.0-12.0 L/
Ao L, PPQ v L 99% #9777 6 90% B 17 /242 1+ & TRATE FF i -

If there are statistically significant differences between lots, the tolerance interval should be constructed
with more advanced methods that take the between-lot variance component into account (56,57).
IARALIAG A RE MG B ER, NS TR E S A Z X, 75V SR AR ) 7
ZEEHIBEN .

8.1.4  Statistical Process Control Charts (45)
gtz & (45)

Most SPC references suggest obtaining data from 20-30 time periods before calculating control limits to
assess whether the process is in control. Samples could be taken at 30 time periods across three or more lots.
For three lots, 10 sets of ‘rational subgroup™ samples could be selected from each lot. The SPC chart limits
are then calculated and the process assessed for statistical control. The number of lots to use can be based
on the power of the SPC chart to detect undesirable between-lot variation.

KZHH) SPC 25 IR AR 20-30 HEH R TH Sz I R APHAG TZ 25328, 7T LU 3 ek
A E 30 HRIFEA . XT3 KL, TR A2y 10 HEH TR . )55 SPC K
FIRR B 0 T2 AT Gert A3 hl il (AR RO s kT SPCTAar I 38 J9T 22 gtk A1 AR A4

ab
He o

A potential problem with the use of SPC charts, such as Xbar/S chart plotted across lots, is that they define
a process as being in statistical control if there is no underlying lot-to-lot variation (Figure 6.2.2.1-1). This
is often not the case, and some lot-to-lot variation is typical and expected, especially for lot means. In these
cases, an I/MR chart for the mean and/or standard deviation or three-way between/within chart can be used
to detect out-of-statistical-control between-lot variation.

SPC EUEA oA —Len i, thingEHtH Xbar/S B, Wiz E 7 F %A E AR St 1T,
WA AT giit i esml ot (B 6.2.2.1-1) HXAEEIFARL, —eft Sita 3 12 R i) Jf Ho2
FTCATRORL R, 50 T e E . 0 T Le b, W DU I/MR I BB AN/ BbR 4 i 22 51 = AR A]/
P U RBEAT G T LUK I H 6 TR AN & S T i AR 1L

If there is only one test result per lot, such as lot assay or pH of a tank of solution, the 20-30 time periods
become 20-30 lots. This is seldom feasible for PPQ. An alternative is to select a smaller number of lots,
perhaps 5-10, and construct a preliminary I/MR control chart. If it shows an in-control process, the PPQ
would be complete and the control chart extended into Stage 3 to verify longer term statistical control
during CPV.

USRI L ARG, ik 2 B i A VK pH, IR 20-30 ALt v] AAZ Dy 20-30 #it. iX
£ PPQ AR TIAT o I3 — M7 o e S/ b R, Huan 5-10 b, SRJ5 @SZHIDHT IIMR 541 & .
IR IR T 25245, 4 PPQ H 2 5e 48 1) I B4 il B LB 22 i B 3 LA A CPV Hh K G T3

8.1.5  Ppk, Cyk Process Capability Metrics (59)
Pok, Cok LZRETTHEHR (59)
Pok (see Figure 6.2.2.1.3-1) is the most common statistic used to assess long-term process capability.
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Acceptable values of P, depend on the criticality of the characteristic, but 1.0 and 1.33 are commonly used.
Smaller or larger values may be used depending on the risk factors involved. The P acceptance criterion
may be based on a point estimate or a one-sided lower confidence interval. If there is significant
bewteen-lot variation, caution should be exercised in using confidence intervals for Py calculated by
statistical software. Most statistical software programs do not take between-lot variation into account, and
may provide optimistic confidence intervals that are too narrow.

FEGE T B P (UL 6.2.2.1.3-1) SRV KHI L ZAEM: . P KT A HE T L 241
BV, (H— A 1.0 A1 1.33. At B /)N BB K BB AT DARRE # K 21 B KU R TR R 8 o P Y
AR HERT AT mi ot CEE ST s BRI BAF X (] G iR AL B2 m ek, RS
AT Py A EAR X B 2 IER . KRG H AR I BCH Bt rAeAL, JFmrag
25 AL I BT XA, X AR TR 1

Example: Fill volume specification limits for a small-volume parenteral product are 98-102. PPQ
acceptance criteria are that each lot’s Py>/.0; also, that the overall process Py is >1.0 with 95%
confidence. To detect a between-lot standard deviation that is half of the within-lot standard deviation with
90% confidence, 33 units will need to be tested form across each of five PPQ lots.

2EWY: BT i B R B R /2 98-102.. PPQ ] 325 1fEKy BE A P>1.0, [T
B LZHIPaL.0, E1G/E 9% K T 1A Rt i 75, H A A bRl 720 —F, B15/EN
0%, M5 1 PPQ HAH IR 33 MEA.

The data from the five lots were analyzed by control charts, histograms, normality tests, Levene’s test, and
ANOVA. These analyses indicated that the data from the five lots could be combined. Each of the five lots’
Pus were >1.0. The calculated Py, from the combined data was 1.14, with a lower 95% confidence interval
of 1.03. Since each lot met its Py requirement and the lower confidence interval for the overall process, P
was above the acceptance limit of 1.0. Thus the PPQ acceptance criteria were met.

5 HAWCERIEAE EHEEFE H R IESTERS Levene #7247 LI ANOVA #1777 Hro ZL7Hr
K]S HHTEHT AT ELEG I 5 HTEE—HHT P YA T 1.0 BIFITHIZH 11 S i1 Py 77 1.14, 95%
FEFIXIE 7 1.030 K9 HF— LT 77 5 H Py K H AL ZHT Py FE G XA E AT #6227 1.0 L
L rELZ PPQ LA B it

An alternative to calculating a parametric confidence interval for Py is to require four or five lots in a row

to each meet the Py, acceptance criteria. For example, four PPQ lots, each with P,>1.0, provides over 90%

confidence that the process median Py is >1.0. Five lots provide over 95% confidence.

FHS T RS E P BAS X B A 777202 B R AL 4 ka5 #LIF HAR—HIRF& L Py ATzt

B, 4 4~ PPQ #tik, Hfg—Ht Py 3>1.0, TZHH Pu=1.0 M EFELE 90%LA . 5 HLEE

FENTE 959% LA 1.

8.1.6  Assure The Lot Conformance Rate is Above An Acceptable Rate With Specified Confidence
RIS R 2z I EEMERERE

This approach demonstrates that the percent of lot conformance is acceptable. It identifies unacceptable

variation due to either common or special causes. Table 8.1.6-1 shows the required number of conforming

lots. This method is sometimes called “confidence for reliability.”

BITFIE I SR AR P2 1 FLUUn Y H T RS IR R S B AT 2 Ak . 3K 8.1.6-1 JiE

N T TR EUE SR IR . 2T AR AT E AR,
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Table 8.1.6-1 Number of lots to demonstrate confidence for lot conformance rate
_ % 8.1.6-1 iIE%Tth%*%%E%EE‘JTM%&%

Confidence Conformance Rate Accept #
BHEE B2H
90% 0 7
50% 95% 0 14
99% 0 69
90% 0 22
90% 95% 0 45
99% 0 230
90% 0 29
95% 95% 0 59
99% 0 299

Example: To demonstrate the process is acceptable, the PPQ acceptance criterion will be show with 90%
confidence that the process lot conformance rate (the lot pass rate) is at least 90%. A total of 22 passing
lots in a row will demonstrate this.

250 05 T ub WL 2 AR, PPQ HY ] #E LR SR T ZH 65 (ML) £ LA 7
0%, E15/ZH90%. H4ELE22 WA tEHARIGEIF W

Requiring such a large number of lots during PPQ to reach 90% or 95% confidence is difficult. An
alternative is to use 50% confidence in PPQ and monitor the process further during CPV to reach the final
desired confidence. Crossing the 50% confidence threshold is the point at which it is more likely that the
selected lot conformance rate is met. For the example above, once 7 passing lots are reached, it is more
likely that the conformance rate is greater than 90% rather than less than 90%, and the PPQ could be
considered complete. An additional 15 lots during early CPV would reach the required 22 lots. This
approach may be particularly useful when there are many quality attributes to assess. Rather than determine
the number of lots required separately for each attribute, the PPQ stage is complete when all attributes pass
for the required number of lots.

fE£ PPQ HHiAF| 90%I B A5 B 7 2R B AR, (HSEhr ERIRMMER . S35h—MT7%02 PPQ i
50%I1 EAGE, fE CPV HiiAT Bk — B R IF i &k B E ) B . BAS L B{E 4 2 50%, T}
LTI G R A AT BRI AR o it R R 28] — BUAR] 7 s ALK, AR TEA ITRE KT 90%
MARAKT 90%, W84 PPQ HLil A2 5e% 1. 7E CPV FLIARNBI N 15 fbRpik 3] 12k 1) 22 #it.
ZITVE] REREE I T R E A R B B R IR 2 RGO . A B EOREOE LR T A o 2R
BIatk, PPQ BrBUA S e REM), AN BE— @ P EAT B F5E o

8.1.7 Wald Sequential Probability Ratio

FLRTBFF R ML
Wald’s sequential probability ratio (SPR) test can be used to determine when a suitable number of PPQ lots
have been made for decision-marking. No fixed number is specified in advance; the PPQ continues until
either the failure or pass decision line is crossed. The SPR test is most often used for percent of passing
units or lots, but it can also be used for other statistics as well as for CPV to determine when to revert to
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normal sampling. An example is shown in Figure 8.1.7-1.

FURTEFF SIMEZREL (SPRD A6 AT LA TR SRIN YE A @ i PPQ HEREUE . ANFILHE B iR
H: PPQ FFEEFIH KM@ Kk . SPR IS K ZHUH T &A% B ALEAt I A 70 L, B[R
WA T HAL GE Tt 5ok, BUAnPE CPV v ok e A IR BURE 9 B2 Pk 52 21383 . 2545 LI 8.1.7-1.

Example: A 5% lot failure rate is considered minimally acceptable, while a 25% lot failure rate is not
acceptable. The SPR decision chart below was made using a=0.05, p=0.2, p;=0.05, p,=0.25. The failure
decision line was crossed at lot 7; the PPQ failed due to too many lot (3 in 7) failures.

2545 SOOI A ISR AT AR R B AR T AR SZ 10, 171 2596t R IR N e AN REREZ ). T T SPR
REEET, o B 0.05, pHL 0.2, p AL 0.05, pHX 0.25. % 7 it Rk, PPQ R, KR
ZRMAR (7 3 34D,

Figure 8.1.7-1 Wald’s Sequential Probability Ratio Example
Kl 8.1.7-1 FL/RTEFF STHEZ L 2641

ﬁE FAIL
£ 3
532 I X X
“1 X X X
Dx PASS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Lot Number

8.1.8  Narrow Limit Gauging

2 SRl
Narrow limit gauging can be used to reduce the sample size or number of lots required in PPQ. The basic
idea is to use narrowed pseudo-specification limits during PPQ to obtain more statistical power. An
example is case in which the assay specification for an active ingredient in a solution is 95-105, and only
one assay result is determined per lot. If five lots all are within narrowed limits of 97.5-102.5, this gives the
same confidence as a larger number of lots being within the unadjusted 95-105 specification limits in
detecting the lot nonconformance rate (see Farnuma and Stantona for calculation details) (57).
B FHBRAG THE T A F7E PPQ Hhili e A R /N R 22 At R BicER: « BEAS (AR A PPQ P ZE IO
PRAERREE ARG B 2 ST DAL — AN S22 5 NS T BRIV 2 A dR A5 95-105,  Ff HAAE )
SE—MTER . WAk 5 AR 97.5-102.5, HBA XA IHEA G4 A 4R FRERAE 95-105 1
HREEAIRBA MM EEE . (BfEiHH W Farnuma and Stantona) (57).

One form of narrow limit gauging is called PRE-Control. It is often used as a QC procedure for fill volume.
If 5 units in a row fall in the middle 50% of the specification limit, then the lot is qualified for startup. This
concept can be extended to quality characteristics (e.g., lot assay, pH)) where there is one result per lot. For
an assay specification of 95-105 for an active ingredient, the PRE-Control narrow limits would be
97.5-102.5. If five PPQ lots in row meet the 50% narrow limits, then the PPQ is complete. Note that the
narrow limits are not used to determine lot acceptance, but only to determine whether the PPQ acceptance
criteria are met.
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A Gl — R B L. AT QC MR A AR R . WRIELE 5 AN RAIITE TR IE
PREEII TR 50% LAY, FBAZHLR AT LUESEN T o X ANES T DUE M 2 Rt R — /N85 R R
(Bt & & pHD. X T& 284509 95-105 &S, Tids 7 SR AT L2 97.5-102.5. iR IELE
1) 5 it PPQ HLIXFF & 50%M) %5 FLIR, A4 PPQ Hi5e#E 1 R, 45 F IR I A F e fib il 2 52 b ik s
HHF e & B & PPQ I EARE

8.1.9 Demonstrate Between-Lot Variation is Less Than Within-Lot Variation (Anova) (60)
UERAHLIEBAL D> THEAN AL (Anova %) (60)

Under the classical one-factor random effects variance components model, the total process standard

deviation is calculated as o= 02W+02}}FDW’[6 the squaring under the radical, if op<oy, the impact of the

between-lot variation oy, on the total process variation decrease rapidly the smaller it is compared to the

within-lot variation o,,. Table 8.1.9-1 shows this impact.

T2 28 1) B R KB AL RO 7 25 20 BB ohr, B L 2 AR UE R 254% ofo’wto’s BEATH . BIAMRS T

B~ T7, Wk op<ow, LEHENZRAK o i8N, IS AMEII AR AL o 75 £ T 230 B B FEMa R/ B R e o

* 8.1.9-1 R [ IX PR .
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Table 8.1.9-1 Effect of between-lot variation on the total process variance
% 8.1.9-1 #HLIAARAIER T 75 2 LRSI
Between as % of

Total Variance

Within #t N Between #t[H] Total B hH % Y Total
ow 5 HEIE] 5 27 2%
° czb/czt
1.00 2.00 2.24 5.00 80%
1.00 1.50 1.80 3.25 69%
1.00 1.00 141 2.00 50%
1.00 0.75 1.25 1.56 36%
1.00 0.50 1.12 1.25 20%
1.00 0.25 1.03 1.06 6%

If the between-lot variation (o) is half (50%) of the within-lot variation (o), the former only accounts for
20% of total process variance. Reasonable PPQ acceptance criteria for between-lot variation would
typically be 75%, 50%, or 25% of the within-lot variation. The sample size within lots and humber of lots
required may be determined by the statistical power to detect the differences of interest. Acceptance criteria
could be based on point estimates of the variance components or confidence intervals.

A R R] 32 (o) J9AtE N AE A (o), B —2F (50%), B4 HTE AN T 277 21 20%. &HH) PPQ
L TR AR A () T B2 2 bR — RO N AR 75%, 50%EK 25%. kA IAEA & DL 7 B b &
AT LA G T Dy ek i@ LIRS HY OSBRI 22 5 AT RS2 bR v] BT 07 22 00 B p il T H B LA X ]

8.1.10 Sample Size
AR
Table 8.1.10-1 shows the sample n size required to estimate a standard deviation to within a specified % of
its true value with 90% and 95% confidence (45,54). This method does not require a previous estimate or
reference sigma since the error is expressed in relative rather than absolute terms.
% 8.1.10-1 FIH TR bRt ZEAE L KB [ 2 BLA,  HBAS N 90%F1 959% 3 7 AL A& n
(4554) . XFTTIEA TG LR IVHEESH o BN 1R 22 FARXT T AN 2 T4 0iR 22

Table 8.1.10-1 Sample Size to estimate a standard deviation to within £X% of true value

% 8.1.10-1 VN TE EAEEX% LA N F bR AE (i 2 AT 75 HIREAS

Confidence % relative error
BEEE 9O IRE
90% 20% 35
90% 25% 23
90% 33% 14
95% 20% 49
95% 25% 32
95% 33% 18

Table 8.1.10-1 indicates that a minimum of 32 lots are required for the estimated between-lot standard
deviation oy, to be within £25% of its true value o, with 95% confidence. Since the table assumes the lot
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means are estimated exactly, more than 32 lots may be required if the sample size per lot is small or there is
substantial within-lot variation. Table 8.1.10-1 shows the difficulty in estimating a standard deviation: large
sample sizes are required to obtain precise estimates. Again, a phased approach could be used where the
PPQ is based on five lots, and additional data is collected during CPV to obtain a more precise estimate.

#* 8.1.10-1 R [ VPN IR FRHE 2 o fEH B op+25% LN BB S E N 95%HT 7 iR Mt EUE A
32 it TR BRBAMIBOVENMEE, PO RS A BBV AR S, IS AT RETR
LT 32 MR 3£ 8.1.10-1 RUIVE HbR e 222 AR . FETHHIAL S 7 2R ERIREA . BbAh,
1 PPQ T 5 AN IR 1T LU 23 B Be 1) J7323, 7 CPV [ B mT LASCER Aok (1) 55 LASRAS ARG B R PEA

8.1.11 Demonstrate the Between-Lot Standard Deviation o6, < Acceptable Value X

EBSL AR E R ZE o, AT FTHERZME X
It is generally easy to test enough samples to estimate the within-lot standard deviation o, with reasonable
precision. Also, estimates of the within-lot variation are often available before PPQ from Stage 1 data or
other similar production processes. The total process standard deviation is
csﬁ/m . The PPQ acceptace criterion for o, may be selected to show that total process variation is
acceptable (e.g., 3-sigma capable or other desirable value).
— AR IS NS (W FEAIR S 2 VPN S A PRI 22 0w, JF B S BRI E R, [FFE, 7£ PPQ ZHT BB
1 A K BRI A AR 2B 72 T2 AT DASR AL A B AR A 5 T b 25 B A 30N o= oPutos o
WQ*%%ﬂuﬁ%Uﬁéigﬁmﬁﬂﬂu%QWﬁ@<Mm%léﬁﬁﬁﬁméﬁ%ﬁx

8.1.12 Demonstrating equivalence between lots

HEEIFHIERA
Differences between PPQ lots can be statistically detectable, but they might be small enough to consider the
lots equivalent. To use this method, an equivalence test using multiple TOST (two one-sided tests) or other
extension of the equivalence concept may be used. The number of lots required would be based on the
statistical power for the equivalence procedure chosen (52).
PPQ bk [a] ) 22 5 vl LA Ge vt 2Rl ARG SR 22 5 8 /Nl w] BLIA b iR T S50 1 o st
XA, HEME|Z TOST S0l (PR ik siHb MBS n R T %, R
REET PSS MR P St it 223 (52D,
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