ICH Q11 Development & Manufacture of Drug Substances

INTERNATIONAL CONFERENCE ON HARMONISATION OF TECHNICAL REQUIREMENTS FOR
REGISTRATION OF PHARMACEUTICALS FOR HUMAN USE

ICH HARMONISED TRIPARTITE GUIDELINE

DEVELOPMENT AND MANUFACTURE OF DRUG

SUBSTANCES
(CHEMICAL ENTITIES AND
BIOTECHNOLOGICAL/BIOLOGICAL ENTITIES)
Q11

Current Step 4 version
dated 1 May 2012

This Guideline has been developed by the appropriate ICH Expert Working Group and has
been subject to consultation by the regulatory parties, in accordance with the ICH Process.
At Step 4 of the Process the final draft is recommended for adoption to the regulatory

bodlies of the European Union, Japan and USA.

gmpeye

www.gmpeye.co.kr




ICH Q11 Development & Manufacture of Drug Substances

Q11
Document History

History

Date

Approval by the Steering Committee under Step 2 and

release for public consultation

19 May 2011

Current Step 4 version

History

Date

Approval by the Steering Committee under Step 4 and
recommendation for adoption to the three ICH regulatory

bodies

1 May 2012

gmpeye

www.gmpeye.co.kr




ICH Q11 Development & Manufacture of Drug Substances
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ABOGFEINH Y2 U MUJA/MERY 4E) HY L HE
DEVELOPMENT AND MANUFACTURE OF DRUG SUBSTANCES
(CHEMICAL ENTITIES AND BIOTECHNOLOGICAL/BIOLOGICAL ENTITIES)
Q11

M 2 (Introduction)

This guideline describes approaches to developing and understanding the manufacturing
process of the drug substance, and also provides guidance on what information should be
provided in Module 3 of the Common Technical Document (CTD) Sections 3.2.5.2.2 -
3.25.2.6 (ICH M4Q). It addresses aspects of development and manufacture that pertain to
drug substance, including the presence of steps designed to reduce impurities. In addition,
ICH Q11 provides further clarification on the principles. and concepts described in ICH
Guidelines on Pharmaceutical Development (Q8), Quality Risk Management (Q9) and
Pharmaceutical Quality System (Q10) as they pertain to the development and manufacture
of drug substance.

HEOYE Mz 34

280z of ZH
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REMISEH M sty

A company can choose to follow different approaches in developing a drug substance. For
the purpose of this guideline, the terms “traditional” and “enhanced” are used to
differentiate two possible approaches. In a traditional approach, set points and operating
ranges for process parameters are defined and the drug substance control strategy is
typically based on demonstration of process reproducibility and testing to meet established
acceptance criteria. In an enhanced approach, risk management and scientific knowledge are
used more extensively to identify and understand process parameters and unit operations
that impact critical quality attributes (CQAs) and develop appropriate control strategies
applicable over the lifecycle of the drug substance which may include the establishment of
design space(s). As discussed in ICH Q8 for drug product, a greater understanding of the
drug substance and its manufacturing process can create the basis for more flexible
regulatory approaches. The degree of regulatory flexibility is generally predicated on the

level of relevant scientific knowledge provided in the application for marketing
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authorisation.
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Traditional and enhanced approaches are not mutually exclusive. A company can use either
a traditional approach or an enhanced approach to drug substance development, or a
combination of both.

e dEL Zd=t

H=oHF LS Y

Mg H2|(Scope)

This guideline is applicable to drug substances as defined in the Scope sections of ICH
Guidelines Q6A and Q6B, but might also be appropriate for other types of products
following consultation with the appropriate regulatory authorities. It is particularly relevant
to the preparation and organisation of the contents of Sections 3.2.52.2 - 3.25.2.6 of
Module 3 of the Common Technical Document (ICH M4Q). The guideline does not apply to
contents of submissions during the clinical research stages of drug development.
Nevertheless, the development principles presented in this guideline are important to
consider during the investigational stages.
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Regional requirements for post-approval changes are not covered by this guideline.
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7% (Manufacturing Process Development)
2% (General Principles)

The goal of manufacturing process development for the drug substance is to establish a
commercial manufacturing process capable of consistently producing drug substance of the
intended quality.

HAzo%E M= SH FEE THITH HARQUYZFS LA
datd = A= S
3.1.1  2HHIeEDt A= YFE2

Product)

The intended quality of the drug substance should be determined through consideration of
its use in the drug product as well as from knowledge and understanding of its physical,
chemical, biological, and microbiological properties or characteristics, which can influence
the development of the drug product (e.g., the solubility of the drug substance can affect
the choice of dosage form). The Quality Target Product Profile (QTPP), potential CQAs of the
drug product (as defined in ICH Q8) and previous experience from related products can
help identify potential CQAs of the drug substance. Knowledge and understanding of the
CQAs can evolve during the course of development.

2HelE JHEo e ' + A ARAYEF2 =2|H, ooy, 429H,
S80[LE S48 XA ofsf, 2| 2HHYFAMe SRS
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ol CQA mefof =F0] & =+ ULk CQAO| Cfiet

=
NES

3.1.2 &= F(Process Development Tools)

Quality Risk Management (QRM, as described in ICH Q9) can be used in a variety of
activities including assessing options for the design of the manufacturing process, assessing
quality attributes and manufacturing process parameters, and increasing the assurance of
routinely producing batches of the intended quality. Risk assessments can be carried out

early in the development process and repeated as greater knowledge and understanding
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become available. Either formal or informal risk management tools, such as recognised tools

or internal procedures, can be used.
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Knowledge management (as described in ICH Q10) can also facilitate manufacturing process
development. In this context, potential sources of information can include prior knowledge
and development studies. Prior knowledge can include established biological, chemical and
engineering principles, technical literature, and applied ‘manufacturing experience. Data
derived from relevant prior knowledge, including platform manufacturing (see Glossary) can
be leveraged to support development of the commercial process and expedite scientific
understanding.

XA 22|(1CH Q10

U wy i

(Approaches to Development)

ICH Q8 recognises that “Strategies for product development vary from company to
company and from product to product. The approach to, and extent of, development can
also vary and should be outlined in the submission.” These concepts apply equally to the
development of the drug substance manufacturing process. An applicant can choose either
a traditional approach or an enhanced approach to drug substance development, or a
combination of both.

"MZ JHE TEFOl S|AtORCt, MFOMCt Ch2a, JiE e §EE OHE 5 JA2LZ
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Manufacturing process development should include, at a minimum, the following elements:
Mz 38 /g0 xast Chg Q47F 2otk 0o ohot

gmpeye

www.gmpeye.co.kr




ICH Q11 Development & Manufacture of Drug Substances

Identifying potential CQAs associated with the drug substance so that those
characteristics having an impact on drug product quality can be studied and
controlled;

Ao ef = g2 A el = UA=SF, ERoUE

Defining an appropriate manufacturing process;
HES Mz 388 st

Defining a control strategy to ensure process performance and drug substance

quality.
Y 451 d=olo

An enhanced approach to manufacturing process development would additionally include

the following elements:
7#2} l:iI-Alo| xﬂx S| 7H|:|+ A|0”" Efo _9_)\7'. _;;:_7|. ISHE E 9}1[:|..

A systematic approach to evaluating, understanding and refining the manufacturing

process, including;
Che2 Z&et M= 382 MAX 87t ofsll, Xzt

|dentifying, through e.g., prior knowledge, experimentation and risk assessment,

the material attributes (e.g, of raw materials, starting materials, reagents,

solvents, process aids, intermediates) and process parameters that can have an

effect on drug substance CQAs;

=0 dd XA, deut 223 BILE S A=ROYEF CQAN TS
Ed 224, g, 22 =Z, A%, 80, 38 ExH,

tetojE mhey

Determining the functional relationships that link material attributes and

process parameters to drug substance CQAs;
YAROI%E CQAY BE S4 24 I IY LA0HE AANIIE JISH
A 24

Using the enhanced approach in combination with QRM to establish an appropriate
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control strategy which can, for example, include a proposal for a design space(s).
RME Zgol &&83td, 0§ =0 CIAY AHo|~E

2|
=]

The increased knowledge and understanding obtained from taking an enhanced approach

could facilitate continual improvement and innovation throughout the product lifecycle (see
ICH Q10).
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3.1.4 | F9I%E CQA(Drug Substance Critical Quality Attributes)

A 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. Potential drug substance CQAs are used to guide process development. The list of
potential CQAs can be modified as drug substance knowledge and process understanding

increase.

HAZROI%E CQASE

S7retoll ek =R

Drug substance CQAs typically include those properties or characteristics that affect identity,
purity, biological activity and stability. When physical properties are important with respect
to drug product manufacture or performance, these can be designated as CQAs. In the case
of biotechnological/biological products, most of the CQAs of the drug product are
associated with the drug substance and thus are a direct result of the design of the drug
substance or its manufacturing process.
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Impurities are an important class of potential drug substance CQAs because of their

potential impact on drug product safety. For chemical entities, impurities can include
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organic impurities (including potentially mutagenic impurities), inorganic impurities e.g.,
metal residues, and residual solvents (see ICH Q3A and Q3C). For biotechnological/biological
products, impurities may be process-related or product-related (see ICH Q6B). Process-
related impurities include: cell substrate-derived impurities (e.g., Host Cell Proteins (HCP)
and DNA); cell culture-derived impurities (e.g., media components); and downstream-derived
impurities (e.g., column leachables). Determining CQAs for biotechnology/biological
products should also include consideration of contaminants, as defined in Q6B, including all
adventitiously introduced materials not intended to be part of the manufacturing process
(e.g., adventitious viral, bacterial, or mycoplasma contamination).
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The identification of CQAs for complex products can be challenging.
Biotechnological/biological products, for example, typically possess such a large number of
quality attributes that it might not be possible to fully evaluate the impact on safety and
efficacy of each one. Risk assessments can be performed to rank or prioritise quality
attributes. Prior knowledge can be used at the beginning of development and assessments
can be iteratively updated with development data (including data from nonclinical and
clinical studies) during the lifecycle. Knowledge regarding mechanism of action and
biological characterisation, such as studies evaluating structure-function relationships, can
contribute to the assessment of risk for some product attributes.
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315 =8 54 84 9% 33 m2ioieet ARQUE CQA2| ¢¥H|(Linking Material

Attributes and Process Parameters to Drug Substance CQAs)

The manufacturing process development program should identify which material attributes
(e.g., of raw materials, starting materials, reagents, solvents, process aids, intermediates) and
process parameters should be controlled. Risk assessment can help identify the material
attributes and process parameters with the potential for having an effect on drug substance
CQAs. Those material attributes and process parameters that are found to be important to
drug substance quality should be addressed by the control strategy.

ME BY i ZROHS JWSRAN, BE S4 240, U=
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The risk assessment used to help define the elements of the control strategy that pertain to
materials upstream from the drug substance can include an assessment of manufacturing
process capability, attribute detectability, and severity of impact as they relate to drug
substance quality. For example, when assessing the link between an impurity in a raw
material or intermediate and drug substance CQAs, the ability of the drug substance
manufacturing process to remove that impurity or its derivatives should be considered in
the assessment. The risk related to impurities can usually be controlled by specifications for
raw material/intermediates and/or robust purification capability in downstream steps. The
risk assessment can also identify CQAs for which there are inherent limitations in
detectability in the drug substance (e.g., viral safety). In these cases, such CQAs should be
controlled at an appropriate point upstream in the process.
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For chemical entity development, a major focus is knowledge and control of impurities. It is
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important to understand the formation, fate (whether the impurity reacts and changes its
chemical structure), and purge (whether the impurity is removed via crystallisation,
extraction, etc.) as well as their relationship to the resulting impurities that end up in the
drug substance as CQAs. The process should be evaluated to establish appropriate controls
for impurities as they progress through multiple process operations.
gtst g2 7igel 3R0= 2x==0 it XAl 22[7F S5t
HEl(E==0l

M AHEl=X),
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2t o
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Using a traditional approach, material specifications and process parameter ranges can be
based primarily on batch process history and univariate experiments. An enhanced approach
can lead to a more thorough understanding of the relationship of material attributes and
process parameters to CQAs and the effect of ‘interactions. Example 1 (see Section 10.1)
illustrates the development of process parameters using prior knowledge and chemistry first
principles.
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Risk assessment can be used during development to identify those parts of the
manufacturing process likely to impact potential CQAs. Further risk assessments can be used
to focus development work in areas where better understanding of the link between process
and quality is needed. Using an enhanced approach, the determination of appropriate
material specifications and process parameter ranges could follow a sequence such as the

one shown below:
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Identify potential sources of process variability;

Y BAS Q9T JH5N0| Yk 222 T
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Identify the material attributes and process parameters likely to have the greatest

impact on drug substance quality. This can be based on prior knowledge and risk

assessment tools;

AZo|HE Eo| I 98 # 9= | Tfeto|E 5

moLSCE M3 X|AlD c1= ug

Design and conduct studies (e.g., mechanistic and/or kinetic evaluations, multivariate

design of experiments, simulations, modelling) to identify and confirm the links and

relationships of material attributes and process parameters to drug substance CQAs;
E4 24 8 38 Ltet0jEet F=oofF CQA°| *F74IE npofsta

C k=X
ZEY)S

Analyse and assess the data to establish appropriate ranges, including establishment
of a design space if desired.
HOIHE =AMsta FItstol HEgASHAE CARl Amo|x =HES =Zesl XA

#Holg MHALL

Small-scale models can be developed and used to support process development studies.
The development of a model should account for scale effects and be representative of the
proposed commercial process. A scientifically justified model can enable a prediction of
quality, and can be used to support the extrapolation of operating conditions across
multiple scales and equipment.

478 Y Jjgsel 3
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3.1.6 LC|X}Ql AHO|A(Design Space)

Design space is 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 as 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 (ICH Q8).
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The considerations for design space addressed in ICH Q8 for an enhanced approach to the
development of the drug product are applicable to drug substance. The ability to accurately
assess the significance and effect of the variability of material attributes and process
parameters on drug substance CQAs, and hence the limits of a design space, depends on
the extent of process and product understanding.

=t gA ol RAM|C[fF JHEnr ZHESIY ICH Q80 MAIEL EfXtel AMO|A 7Y
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H2 380 ME ol =0 2l ZFElCh

Design space can be developed based on a combination of prior knowledge, first principles,
and/or empirical understanding of the process. Models (e.g., qualitative, quantitative) can be

used to support design spaces across multiple scales and equipment.
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A design space might be determined per unit operation (e.g., reaction, crystallisation,
distillation, purification), or a combination of selected unit operations. The unit operations
included in such a design space should generally be selected based on their impact on
CQAs and do not necessarily need to be sequential. The linkages between process steps
should be evaluated so that, for example, the cumulative generation and removal of
impurities is controlled. A design space that spans multiple unit operations can provide
more operational flexibility.
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The development and approval of a design space for some biotechnology/biological drug
substances can be challenging due to factors including process variability and drug
substance complexity (e.g., post-translational modifications). These factors can affect residual
risk (e.g. potential for unexpected changes to CQAs based on uncertainties related to scale
sensitivity) which remains after approval of the design space. Depending on the level of
residual risk, it may be appropriate for an applicant to provide proposals on how
movements within a design space will be managed post approval. These proposals should
indicate how process knowledge, control strategy and characterisation methods can be
deployed to assess product quality following movement within the approved design space.
e dYIY/MESH FEoYFl CIAtQl AHO[A it 50l0| d4Ed| oz =
A=, 38 HAR F=2o%E: ST, #HY ol HIY)S Zeoh oy 7HX| 24
M=o 2t ojz{gh 24+ LAl AW0|A Sl O|=0E e THo 2|23 (0], 27
g CQAQ| Ol x| et Blst 7hs8)0f &= O[E =

S0l 0|20 CfArQl AHO[A OJLHO|A

AL ojmf QI &2 CIXel AM oA

Hf &4

e, 54 87t ¢S =&Y ME

H= 3% Y HE9| HZE(Submission of Manufacturing Process Development

Information)

The information provided on the development of the drug substance manufacturing process
(primarily in Section 3.2.5.2.6 of the application) should identify significant changes during
process development, link relevant drug substance batches with the developmental stage of
the manufacturing process used to prepare them, and explain how prior knowledge, risk
assessments, and other studies (e.g., experimental, modelling, simulations) were used to
establish important aspects of the manufacturing process and control strategy. Process
development information should be logically organised and easy to understand.
Manufacturers can present process development information in a number of different ways,
but some specific recommendations are provided below for consideration.
HARO%E M= 58 7HH*01| ot §EE HI3Y M=d M2l ME 32526), 38
WE DFEOA 2T =ota, 2H AROFF HiXIQE O|F HiX|2l Hz=0
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Att2 otziet ZLCt.
3.2.1 d 71'g 22 (Overall Process Development Summary)

It is recommended that the manufacturing process development section begin with a
narrative summary that describes important milestones in the development of the process
and explains how they are linked to assuring that the intended quality of the drug
substance is achieved. The following should be included in the summary:

Mz 88 71 d8g 7leg Me 378 22 S8 OIEAES 7|0t A=2%4F2

— o o 2—1=
g E2s Zdot=d o g0l A=X| “':”OP" g% FEE HMABHH AlESH=
Y0 HZEC ol Chg JYEE EHDI0 J|ETL.

List of drug substance CQAs;
YEO%E CQA 2|2E

Brief description of the stages in the evolution of the manufacturing process and
relevant changes to the control strategy;

Mz S89f Hatet ga| Fefol B0 tiet ZHefot 23

Brief description of the material attributes and process parameters identified as
impacting drug substance CQAs;

HZO%F CQAL s OiX= A2z mtofe = d a2t Y Li2to[H2

2herst M

Brief description of the development of any design spaces.
CIXQl Am[O]& ZHE apgel Zhefot 49

Following the overall process development summary, the manufacturing process

development section should include more comprehensive information, as recommended

Htet Z0| 20t ZEHel YEE M=

3.2.2 YEOUE CQA(Drug Substance CQAs)

The CQAs of the drug substance should be listed, and the rationale for designating these
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properties or characteristics as CQAs should be provided. In some cases, it might be
appropriate to explain why other properties or characteristics that might be considered
potential CQAs are not included in the list of CQAs. Links or references should be provided
to information submitted elsewhere in the submission (e.g., 3.2.5.3.1, Elucidation of Structure
and other Characteristics) that supports the designation of these properties or characteristics
as CQAs. Some discussion of drug substance CQAs as they relate to drug product CQAs can
be appropriate in the pharmaceutical development section of the application (e.g., 3.2.P.2.1

Components of the Drug Product).
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3.23 HX 3% 0|3 (Manufacturing Process History)

A description and discussion should be provided of significant changes made to the
manufacturing process or site of manufacture of drug substance batches used in support of
the marketing application (e.g., those used in nonclinical or clinical studies or stability
studies in support of a marketing authorisation) and, if available, production-scale batches.
The description should usually follow a chronological sequence ending with the proposed
commercial process. Batch information (batch size or scale, site and date of manufacture,
route and process used, and intended purpose [e.g. in a specified toxicology or clinical
study]) and supporting data from comparative analytical testing on relevant drug substance
batches should be provided or referenced (e.g., Batch Analysis, Section 3.2.5.4.4).
ool H7tE sgEStEd AMEE AZROIE HIX|EN 37HE H#HEHShe etEd
Alglo[L} H Ay Al AEE )b THSSHEH EA AFHY HIX[Q M=

d0= 20| oo ZHeotoh ol Az

SU=Ch HiX| SEEIX] 2

=HOl, A8 54 Al

Aol =tEst 27 Ho|HE A

2.54.4).

For biotechnological/biological drug substances, the reason for each significant change
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should be explained, together with an assessment of its potential to impact the quality of
the drug substance (and/or intermediate, if appropriate). The manufacturing process history
section should include a discussion of comparability during development as described in
ICH Q5E. A discussion of the data, including a justification for selection of the tests and
assessment of results, should be included. Testing used to assess the impact of
manufacturing changes on the drug substance and the corresponding drug product can
also include nonclinical and clinical studies. Cross-reference to the location of these studies
in other modules of the submission should be included.
=t A=oFEe FRH IR HE
HE dR0l= ¢ HE)2 2
. ICH Q5EO0| 7= & Hieb Z0] 7HE 1go

of 7Isetch Alg g5 48 27et 2

O o1

!

d
-

=2 Mo 2 M

Z 1% ¥ (Manufacturing Development Studies)

The studies and risk _assessments used to establish important aspects of the commercial
manufacturing process and control strategy cited in the application should be listed (e.g., in

tabular form). The purpose or end use of each cited study or risk assessment should be

ol T2 F Sk7| 2o 2AIRE
|

oIt 223 F7tel FHO[Lt =T

Each cited study or risk assessment should be summarised with a level of detail sufficient to
convey an understanding of the purpose of the study, the data collected, how it was
analysed, the conclusions reached, and the impact of the study on the manufacturing
process or further development of the manufacturing process. The particular parameters and
ranges studied should be described and discussed in relation to the proposed operating
conditions or design space for the commercial manufacturing process (as described in
3.2.5.2.2). The risk assessment tools and study results on which a design space is based
should be adequately described. Example 2 (see Section 10.2) shows a possible
communication tool for presenting a risk ranking for parameters evaluated during

development of a design space. Where development refers to specific prior knowledge, the
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relevant information and data should be provided and, where appropriate, the relevance to
the particular drug substance should be justified.
de =X, +4S HolH, HolH 24 Wy, 2&,
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Small-scale models used to support development of the commercial manufacturing process
should be described.

dE8H M= 8 W20 T2 223 23ttt

M= 2H 2|(Description of Manufacturing Process and Process

Controls)

The description of the drug substance manufacturing process represents the applicant’s
commitment for the manufacture of the drug substance. Information should be provided to
adequately describe the manufacturing process and process controls (see ICH M4Q
3.25.2.2).

AR|}E HZE 3 o MzO| B

EEETRE S
x

SHE=ICH M= 37dut HICH M4Q 3.25.22 & X).

The description of the manufacturing process should be provided in the form of a flow
diagram and sequential procedural narrative. The in-process controls for each step or stage
of the process should be indicated in the description. Scaling factors should be included for
manufacturing steps intended to span multiple operational scales when the process step is
scale dependent. Any design spaces in the manufacturing process should be included as
part of the manufacturing process description. Example 3 (see Section 10.3) gives an
example of the presentation of a design space for a biotechnological product.

Mz 388 S8k 338 tAE 2% dAez 7|t 338 tHAE IpC EEE
7|&oh A Y 9 ARl B2, oE 3d 2AEE ZES= M HA

CHot A2 E M= 3d ZEE Ve O M= SFel A
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AL0|AE ZehAZICE of 3(4d 103)2 H&Eel LIl 2Hoja 7| YES

20 =

Many biotechnological/biological products have complex upstream processes and use
splitting and pooling to create a drug substance batch. An explanation of how batches of
drug substance are defined by the manufacturer (e.g., splitting and pooling of harvests or
intermediates) should be provided. Details of batch size or scale and batch numbering
should be included.
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2 Hor
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Y =t 71 O] XMEH(Selection of Starting Materials and Source

Materials)
Ut 2% (General Principles)

e AEoUEe =Y =F MEi(Selection of Starting Materials for Synthetic

Drug Substances)

The following general principles should be considered in determining where the drug
substance manufacturing process begins (i.e., in selecting starting materials).
Chg b RAES 22435ty FROYE M= S8 AlIE X[HE ZEULHEF, 22 =22

—
).

In general, changes in material attributes or operating conditions that occur near the
beginning of the manufacturing process have lower potential to impact the quality of
the drug substance;

utdoz HE BF A WAEE 2E 54 82 E= 3F U

Biots AZO%ES FE 7 o] Hct.

The relationship between risk and number of steps from the end of the
manufacturing process is the result of two factors, one concerning the physical
properties of the drug substance and the other concerning the formation, fate,

and purge of impurities. The physical properties of a drug substance are
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determined during the final crystallisation step and subsequent operations (e.g.,
milling, micronising), all of which occur at the end of the manufacturing
process. Impurities introduced or created early in the manufacturing process
typically have more opportunities to be removed in purification operations (e.g.,
washing, crystallisation of isolated intermediates) than impurities generated late
in the manufacturing process, and are therefore less likely to be carried into the
drug substance. However, in some cases (e.g, when peptides or
oligonucleotides are synthesised on a solid support), there is a more limited
relationship between risk and number of steps from the end of the
manufacturing prOCGSS‘
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Regulatory authorities assess whether the controls on the drug substance and drug
substance manufacturing process can be considered adequate, including whether
there are appropriate controls for impurities. To conduct this assessment, enough of
the drug substance manufacturing process should be described in the application for
regulatory authorities to understand how impurities are formed in the process, how
changes in the process could affect the formation, fate, and purge of impurities, and
why the proposed control strategy is suitable for the drug substance manufacturing
process. This will typically include a description of multiple chemical transformation
CHM S Zetsto], HRo%F
ﬁlxﬂ 7|40I Goteotct. ol2{st Z
KHMSHA Zle5to], 88 &
T JH, MAM oFEH IS
2otX], A 7|Eo] ofsiEt

www.gmpeye.co.kr




ICH Q11 Development & Manufacture of Drug Substances

Manufacturing steps that impact the impurity profile of the drug substance should
normally be included in the manufacturing process described in Section 3.2.5.2.2 of
the application;

A= ot F2 ojXl= M= &

3.258.2.29| A

Each branch of a convergent drug substance manufacturing process begins with one
or more starting materials. The Good Manufacturing Practice (GMP) provisions
described in ICH Q7 apply to each branch beginning with the first use of a starting

material. Performing manufacturing steps under GMP together with an appropriate

control strategy provides assurance of quality of the drug substance;
ofg| £7|=2 THECHL oF X2 +EEEs FE2UE H= SE2
StLt of¢el =% =EEZ AHECLL ICH Q72 GMP 7|E2

MEEEM AXEE 4 27 #200 H&&Ch NIt &2
=
=

—

28lisfo}, Y2o|%ES| EHO

=
C

T8E 5ol M= BHAS

A starting material should be a substance of defined chemical properties and
structure. Non-isolated intermediates are usually not considered appropriate starting
materials;

= o S
=Y =22 ==y

5}
HE2 8oz X

A starting material is incorporated as a significant structural fragment into the
structure of the drug substance. “Significant structural fragment” in this context is
intended to distinguish starting materials from reagents, solvents, or other raw
materials. Commonly available chemicals used to create salts, esters or other simple
derivatives should be considered reagents.
Y 22U Fa% PXY 2ROz YAR0|GE| 2X0|
Z=F BErolgt &2, Alef, 80f, 7|Et Rzt E¢ =2
ol~HZ, Z|Bt ZtEet REMNE UE=H AREEHE

—'?'—%Ef.

All the general principles above should be considered in selecting Starting Material(s), rather

than strictly applying each general principle in isolation (see Example 4, Section 10.4).
=Y 22 U Aols Zzel L8t AF S JfEHoz AASHH HESIZ|EL, 2[0AM
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Yo At AX| SHCHO| 4(MM 10.4) & X).
5.1.2 4dtghd AZOIGESl EU EE M (Selection of Starting Materials for Semi-

Synthetic Drug Substances)

For purposes of this guideline, a semi-synthetic drug substance is one in which the
structural constituents have been introduced by a combination of chemical synthesis and
elements of biological origin (e.g., obtained from fermentation or by extraction from
botanical material). In some cases, it might be appropriate for the applicant to describe the
manufacturing process starting from the source material (microorganism or botanical
material). However, if it can be demonstrated that one of the isolated intermediates in the
synthetic process complies with the principles outlined above for the selection of starting
materials for synthetic drug substances, that isolated ‘intermediate can be proposed as the
starting material. The applicant should specifically evaluate whether it is possible to
analytically characterise the proposed starting material, /including its impurity profile, and
whether the fermentation or botanical ‘material and extraction process impact the impurity
profile of the drug substance. Risks from microbial and other contamination should also be

addressed.
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HE2oYEC 7| X &Y =EH M%(Selection of Source

Cell banks are the starting point for manufacture of biotechnological drug substances and
some biological drug substances. In some regions, these are referred to as source materials;
in others, starting materials. Guidance is contained in ICH Q5A, Q5B, and Q5D.

Mz #3= TSP JzofFn LR H=OF HMz=ol ZYHOILL M=
M3 7| 22 7HFSlE XY9E UL, 2 UFSt= X UK ICH Q5A, Q58,

Q5D2| 7Ho|Egtols FZSHLY.
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5.2 g4 SEH = 7|9 SHof| zet "EO| HE(Submission of Information for

Starting Material or Source Material)

Applicants should identify all proposed starting materials or source materials and provide
appropriate specifications. Proposed starting materials for synthetic and semi-synthetic drug
substances should be justified.

A= ol %%‘ =22 E= 7| 4

gl fAzoES FY =X MM B EtF’d FW(Justification of Starting

Material Selection for Synthetic Drug Substances)

The applicant should provide a justification for how each proposed starting material is
appropriate in light of the general principles for the selection of starting materials outlined
above in Section 5.1.1. This can include information on:

71 A4 510N 28 22 2E 48 it HEHsS F

2120 MUAT EFYHS MHYRI HAIGHOL BCt o CtS

The ability of analytical procedures to detect impurities in the starting material;

=g 20 =Mtz =x=22 =4 YHO| 452 =+ U= 58

The fate and purge of those impurities and their derivatives in subsequent processing
steps;
Ol 338 HAMAM ==t REMel Z[T HEiR MA

How the proposed specification for each starting material will contribute to the
control strategy.
2t 22 22 oI 40| 2l ™E ofEA 7|0t=7t?

The applicant should provide, as part of the justification, a flow diagram outlining the
current synthetic route(s) for the manufacture of the drug substance, with the proposed
starting materials clearly indicated. Changes to the starting material specification and to the
synthetic route from the starting material to final drug substance are subject to regional,
post-approval change requirements. In addition, regional requirements concerning starting

material suppliers may also be applicable.
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An applicant generally need not justify the use of a commercially available chemical as a
starting material. A commercially available chemical is usually one that is sold as a
commodity in a pre-existing, non-pharmaceutical market in addition to its proposed use as
starting material. Chemicals produced by custom syntheses are not considered to be
commercially available. If a chemical from a custom synthesis is proposed as a starting
material, it should be justified in accordance with the general principles for the selection of

starting materials outlined above in Section 5.1.1.
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In some instances, additional purification steps by the drug substance manufacturer might
be called for to ensure the consistent quality of a commercially available starting material. In
these instances, the additional purification steps should be included as part of the
description of the drug substance manufacturing process. Specifications should normally be
provided for both incoming and purified starting material.
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522 Hrghd AROYES £ EFH MM e EFFE SY(Justification of Starting

Material Selection for Semi-Synthetic Drug Substances)

If an isolated intermediate is proposed as the starting material for a semi-synthetic drug
substance, the applicant should provide a justification that explains how the proposed
starting material complies with the general principles for the selection of starting materials

outlined above in Section 5.1.1. Otherwise, the applicant should describe the manufacturing
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process starting from the microorganism or botanical material, as appropriate, and these
materials should be qualified.
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of Source or Starting Materials for

Biotechnological/Biological Drug Substances)

Guidance is contained in ICH Q5A, Q5B and Q5D.
ICH Q5A, Q5B, Q5DE EH=3tCt,

22| HEF(Control Strategy)

6.1 UHt X (General Principles)

A control strategy is_a planned set of controls, derived from current product and process
understanding, that assures process performance and product quality (ICH Q10). Every drug
substance manufacturing process, whether developed through a traditional or an enhanced

approach (or some combination thereof), has an associated control strategy.

e ™2 oMol MEF X S o[FE T2 5F dsit MEF

= o o
Bo| A=A 2| ™S SD[BCHICH Q10).

o2 HUMEMRE O £ wHo oz AU
|

AXN -
|= 22| 0] A OF SHCE

A control strategy can include, but is not limited to, the following:

CteS Zeotsl Ol0| =ototA| e AMes el ol ZHAZE + AL

Controls on material attributes (including raw materials, starting materials,
intermediates, reagents, primary packaging materials for the drug substance, etc.);
=28 54 229 H2RE =2 =Z U MIF, MY FAROGEFO LA =T

A S ZE).

Controls implicit in the design of the manufacturing process (e.g., sequence of
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purification steps [biotechnological/biological drug substances], or order of addition
of reagents [chemical entities]);
Mz &8 CIRrlof Wi=g 22| oisof, & BHAQ s=MEdgssh/dassy

ARO|OHE) EE A £ MY 42).

In-process controls (including in-process tests and process parameters);
IPC(EE &) (SE Algdnt S8 mefoly =g

Controls on drug substance (e.g., release testing).
S =Kol [sl=e] _T'_|-E| 01| 9| Alo-l

6.1.1 2| M2F 7§'L L (Approaches to Developing a Control Strategy)

A control strategy can be developed through a combination of approaches, utilising the
traditional approach for some CQAs, steps, or unit operations, and a more enhanced
approach for others.

25 CQA A, ! gof| Chotol HE & S0 skl £t
Z QIC}.

yotEl YE e S =go A

o [ o
In a traditional approach to developing a manufacturing process and control strategy, set
points and operating ranges are typically set narrowly based on the observed data to ensure
consistency of manufacture. More emphasis is placed on assessment of CQAs at the stage
of the drug substance (i.e., end-product testing). The traditional approach provides limited

flexibility in the operating ranges to address variability (e.g., in raw materials).

MEXQ WOz NI I ma| WS AUY [t Yo

=
2ostel MHYUT BY HAS B LW ME ]
coA BIKE, 23 HE Al o S
BAHO, €2 HXh B2lol NN BH Bl

An enhanced approach to manufacturing process development generates better process
and product understanding than the traditional approach, so sources of variability can be
identified in a more systematic way. This allows for the development of more meaningful
and efficient parametric, attribute, and procedural controls. The control strategy might be
developed through several iterations as the level of process understanding increases during
the product lifecycle. A control strategy based on an enhanced approach can provide for

flexibility in the operating ranges for process parameters to address variability (e.g., in raw
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materials).

dst HEezZ M= M=o ciet olsizt o
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37 O2tojHel HelE 2L
6.1.2 2| M2k 7§12 A|e] 12 AlEH(Considerations in Developing a Control Strategy)

A control strategy should ensure that each drug substance CQA is within the appropriate

range, limit, or distribution to assure drug substance quality. The drug substance

specification is one part of a total control strategy and not all CQAs need to be included in

the drug substance specification. CQAs can be (1) included on the specification and

confirmed through testing the final drug substance, or (2) included on the specification and

confirmed through upstream controls (e.g., as in Real Time Release Testing [RTRT]), or (3)

not included on the specification but ensured through upstream controls. Examples of

upstream controls can include:

Z AROI¥E CQAZL H ATt
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In process testing;

8 Al

Use of measurements of process parameters and/or in process material attributes that
are predictive of a drug substance CQA. In some cases, Process Analytical Technology
(PAT) can be used to enhance control of the process and maintain output quality.
AROI%HF CQAE 0=t =820 &= 58 m2tily S/Es 38

240 H7t Zi 8 PATE #8830 I3F #IE

SAY +5 YLk

Regardless of whether a traditional or enhanced process development approach is taken,

gmpeye

www.gmpeye.co.kr




ICH Q11 Development & Manufacture of Drug Substances

the use of upstream controls should be based on an evaluation and understanding of the
sources of variability of a CQA. Downstream factors that might impact the quality of the
drug substance, such as temperature changes, oxidative conditions, light, ionic content, and

shear, should be taken into consideration.

When developing a control strategy, a manufacturer can consider implementing controls for
a specific CQA at single or multiple locations in the process, depending on the risk
associated with the CQA and the ability of individual controls to detect a potential problem.
For example, with sterilised chemical entities or biotechnological/biclogical drug substances,
there is an inherent limitation in the ability to detect low levels of bacterial or viral
contamination. In these cases, testing on the drug substance is considered to provide
inadequate assurance of quality, so additional controls (e.g., attribute and in-process
controls) are incorporated into the control strategy.
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The quality of each raw material used in the manufacturing process should be appropriate
for its intended use. Raw materials used in operations near the end of the manufacturing
process have a greater potential to introduce impurities into the drug substance than raw
materials used upstream. Therefore, manufacturers should evaluate whether the quality of
such materials should be more tightly controlled than similar materials used upstream.

Hz= 580 ArgEl= #E 4o S22 1 d=z9l o =0 HES| O otif. HAEF
80 A8EE =0 HSHY, Mz I 27 Z2Hel IZH A8He EERs
AZROHEN =S =YAZ 7tsd0l O At a2z MNzYHe Y¥92EE I3
THAlO| FREl= Hlxtt RZELCE o2t 22 ;=S FES O HASHA Zt2[sHof
Zotof oot

6.2 2| H2F ™HEO| HE(Submission of Control Strategy Information)
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The information provided on the control strategy should include detailed descriptions of the
individual elements of the control strategy plus, when appropriate, a summary of the overall
drug substance control strategy. The summary of the overall control strategy can be
presented in either a tabular format or in a diagrammatic format, to aid visualisation and
understanding (see Example 5, Section 10.5 for example of a control strategy summary in
tabular form). Ideally, the summary should explain how the individual elements of the
control strategy work together to assure drug substance quality.

e ME| oot HEE MIY Mies, 22| FEe 4 79 248 XMD 7|&Esta
HES 420l HetEol Yzo|o RFRICL Al2tsiof olsiE 71 Hsiol
A e ¥ 29 Helg 4 ckm Halez
e FEE 10. . Z e 247t M2
oA %83 o YEE Helsts

ICH M4Q recommends that the individual elements of the control strategy reported in an
application be provided in the appropriate sections of a submission, including:

ICH M4QO| =, 22| JEe| 2 Fd /ag ChEs ZYoio My Ao HE
Muo Jled 227t AL

Description of Manufacturing Process and Process Controls (3.2.5.2.2);
Mz &8 3% 38 22((3.25.2.2)

Control of Materials (3.2.5.2.3);

HE #2[(3.25.23)

Controls of Critical Steps and Intermediates (3.2.5.2.4);

TR 38 A 2 S HF E2(3.2.5.24)

Container Closure System (3.2.5.6);

87| Ol AM2"(3.25.6)

Control of Drug Substance (3.2.5.4).

HEO|%E #2((3.254)

2 Ha|gjo|M/™ 7} (Process Validation/Evaluation)
71 Ut 2l%|(General Principles)

Process validation is the documented evidence that the process, operated within established
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parameters, can perform effectively and reproducibly to produce a drug substance or
intermediate meeting its predetermined specifications and quality attributes (ICH Q7).

Y Welolde SYE mADlE olUolM BHE S¥tE L0l AE MY A
M 54 7|70 Rgets RIUBOILL B2 MBS BT WHY A Wi &

H3l= AO[|CHICH Q7).

Process validation can include the collection and evaluation of data, from the process design
stage throughout production, that establish scientific evidence that a process is capable of
consistently delivering a quality drug substance.

578 dElgojde g WM 3% CAY BHARH 4u 277X HO|HE
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The drug substance manufacturing process should be validated before commercial
distribution of resulting drug product. For biotechnological processes, or for aseptic
processing and sterilisation process steps for drug substances, the data provided in support
of process validation is included ‘as part of the marketing application (3.2.5.2.5). For non-
sterile chemical entity drug substance processes, results of process validation studies are not
normally included in the dossier.

A= 0% W= %Wﬂ“%ﬂ o

@G0

Generally, process validation includes the collection of data on an appropriate number of
production batches (see ICH Q7, Section 12.5). The number of batches can depend on
several factors including but not limited to: (1) the complexity of the process being
validated; (2) the level of process variability; and (3) the amount of experimental data and/or
process knowledge available on the specific process.
38 delfodes o Me HES 2o HIXE
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As an alternative to the traditional process validation, continuous process verification (ICH

gmpeye

www.gmpeye.co.kr




ICH Q11 Development & Manufacture of Drug Substances

Q8) can be utilised in process validation protocols for the initial commercial production and
also for manufacturing process changes for the continual improvement throughout the
remainder of the product lifecycle.
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72 HHIE/EEEH HEoIYE =g 21| (Principles Specific to

Biotechnological/Biological Drug Substance)

For biotechnological/biological drug substances, the information provided in the dossier in

support of process validation usually contains both®commercial-scale process validation

studies and small-scale studies. Process validation batches should be representative of the

commercial process, taking into account the batch definition as detailed in the process
description.

de HE
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The contribution of data from small-scale studies to the overall validation package will
depend upon demonstration that the small-scale model is an appropriate representation of
the proposed commercial-scale. Data should be provided demonstrating that the model is
scalable and representative of the proposed commercial process. Successful demonstration
of the suitability of the small-scale model can enable manufacturers to propose process
validation with reduced dependence on testing of commercial-scale batches. Data derived
from commercial-scale batches should confirm results obtained from small-scale studies
used to generate data in support of process validation. Scientific grounds, or reference to
guidelines which do not require or specifically exclude such studies, can be an appropriate
justification to conduct certain studies only at small-scale (e.g., viral removal).
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olz{gt dds THMH2=Z HiMsIAU 27SHK = ZHolEEte
=HE HMAISHH, 28 dEE a2 ZUMT HASKE: EtEE
QUEHO, BFO[2{ A K[A).

Studies should be conducted to demonstrate the ability of the process to remove product-
related impurities, process-related impurities (ICH Q6B) and potential contaminants (such as
viruses in processes using material from human or animal origin, see ICH Q5A). Studies
carried out to demonstrate the lifetime of chromatography columns can include
experimental studies carried out in small-scale models but should be confirmed during
commercial-scale production.
oHH =Ex=, I E2=2(CH Q6B), X 29 SH@O|, MEOILL 58 R
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The limit of /n vitro cell age for commercial production should be assessed. ICH documents

Q5B and Q5D provide further guidance for relevant products.
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When platform manufacturing experience is utilised, the suitability of the control strategy
should be demonstrated and the drug substance manufacturing process should be
appropriately validated at the time of marketing authorisation application. Usually, full scale
validation studies should include data derived from the final manufacturing process and
site(s) used to produce the product to be commercialised.
= ZEe geuCY, el MY MNES 5
57t AE AIEO MESHA H2|H[0]d3HOF ShL.

o 2T Mz= SEoM =2E2ot HO|HE X w2 #2|Ho|

CTD "o 2ot Hzx 38 WY AU 2H FEO HIE(Submission of
Manufacturing Process Development and Related Information in Common

Technical Documents (CTD) Format)

The use of an enhanced approach to process development results in the generation of
information for which a location in the CTD is not defined. Process development information

should usually be submitted in Section 3.2.5.2.6 of the CTD. Other information resulting
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from development studies could be accommodated by the CTD format in a number of
different ways and some specific suggestions are provided below. The applicant should
clearly indicate where the different information is located. In addition to what is submitted
in the application, certain topics referenced in this guideline (e.g., lifecycle management,
continual improvement) are handled under the applicant's Pharmaceutical Quality System
(PQS, see ICH Q10).
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8.1 EX g2l23 2 Y% 3H J(Quality Risk Management and Process
y g

Development)

Quality risk management can be used at different stages during process development and
manufacturing implementation. The assessments used to guide and justify development
decisions (e.g., risk assessment and functional relationships linking material attributes and
process parameters to drug substance CQAs) can be summarised in Section 3.2.5.2.6.
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8.2 CQA(Critical Quality Attributes)

The CQAs of the drug substance should be listed, and the rationale for designating these
properties or characteristics as CQAs should be provided in the manufacturing process
development section of the application (3.2.5.2.6). However, detailed information about
structural characterisation studies that supports the designation of these properties or
characteristics as CQAs should be provided in the appropriate CTD format sections (e.g.,
3.2.5.3.1 Elucidation of Structure and other Characteristics, 3.2.S.7 Stability). Some discussion
of drug substance CQAs as they relate to drug product CQAs can be appropriate in the

pharmaceutical development section of the application (3.2.P.2.1 Components of the Drug
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Product).
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8.3 C|X}Ql A O|A(Design Space)

As an element of the proposed manufacturing process, the design space(s) can be described
in the section of the application that includes the description of the manufacturing process
and process controls (3.2.5.2.2). If appropriate, additional information can be provided in the
section of the application that addresses the controls of critical steps and intermediates
(3.2.5.2.4). The manufacturing process development section of the application (3.2.5.2.6) is
the appropriate place to summarise and describe process development studies that provide
the basis for the design space(s). The relationship of the design space(s) to the overall
control strategy can be discussed in the section of the application that includes the
justification of the drug substance specification (3.2.5.4.5).
Z 33810 &3 2| FEQB2S22)2 ZELH MUE
o Q42 M CIAFRl AHO|AE Jj&d = UCL
HE 22[.2S54)0 2ot Mdo =7 YRE 7
2.6)2 LAl AHo|A9] ECi7t &&= 38 N
StCt CIRRQlL AT 0| A HEFHQl 2|

s
i

z
ra
=2

o
2
rr 1
of
fo

O op =
ox oz

o
=
7
o

— =

M((3.2545)0 HdHS 5= QUCt

mu re 3o
rot
ox
HL

o
Hu
10

19 M
o

#2| F2f(Control Strategy)

Although the drug substance specification is only one part of the total control strategy, the
section of the application that includes the justification of the drug substance specification
(3.254.5) is a good place to summarise the overall drug substance control strategy.
However, detailed information about input material controls, process controls, and control of
drug substance should still be provided in the appropriate CTD format sections (e.g.
description of manufacturing process and process controls [3.2.5.2.2], control of materials
[3.2.5.2.3], controls of critical steps and intermediates [3.2.5.2.4], drug substance specification

[3.25.4.1]). A brief description of relevant changes to the control strategy during the
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evolution of the manufacturing process should be provided in Section 3.2.5.2.6 of the
application.
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2fo|Z=Ato| 2 E2|(Lifecycle Management)

The quality system elements and management responsibilities described in ICH Q10 are
intended to encourage the use of science-based and risk-based approaches at each lifecycle
stage, thereby promoting continual improvement across the entire product lifecycle. Product
and process knowledge should be managed from development through the commercial life
of the product up to and including product discontinuation.
ICH Q1001 7|&& B2 A" Q40 #ha| M2 2t0[ZAO[Z EHA Ot 1t
718 LAS 280 MEF 2EO[ZAOIZE TAOf ZM X&H s FTot
N CHARH MEFo) JE8A O THAE AN MF ST
X|AS Zt2|otr)
The development and improvement of a drug substance manufacturing process usually
continues over its lifecycle. Manufacturing process performance, including the effectiveness
of the control strategy, should be periodically evaluated. Knowledge gained from
commercial manufacturing can be used to further improve process understanding and
process performance and to adjust the control strategy to ensure drug substance quality.
Knowledge gained from other products, or from new innovative technologies, can also
contribute to these goals. Continual improvement and successful process validation, or
continuous process verification, call for an appropriate and effective control strategy.
HBo%E M= d JHEan i H=O|%HFo| ZtO|ZAO[Z THOf Z2H
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There should be a systematic approach to managing knowledge related to both drug
substance and its manufacturing process throughout the lifecycle. This knowledge
management should include but not be limited to process development activities,
technology transfer activities to internal sites and contract manufacturers, process validation
studies over the lifecycle of the drug substance, and change management activities. The
knowledge and process understanding should be shared as needed to perform the
manufacturing process and implement the control strategy across sites involved in
manufacturing the drug substance.
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An applicant can include in the original submission a proposal for how specific future
changes will be managed during the product lifecycle, including changes to the control
strategy. As an example of life cycle management of process parameters for a
biotechnological product, see Example 2, Section 10.2.

22| HEfe| HES Zol MF 2H0|ZA0|Z2 IS¢ = Zalst7| fie
Worg ME EMO| EIAFA HEYE = UCL HME 338 metolge|
2tO|ZALO|Z 22| HH2 of 2(MM 1028 HZSHCL

Any proposed change to the manufacturing process should be evaluated for the impact on
the quality of drug substance and, when appropriate, drug product. This evaluation should
be based on scientific understanding of the manufacturing process and should determine
appropriate testing to analyse the impact of the proposed change. For chemical entities the
appropriate testing to analyse the impact of the proposed change could include, but is not
limited to, an assessment of current and potential new impurities and an assessment of the
test procedures’ abilities to detect any new impurities. This testing should be performed at
an appropriate point in the process (e.g., on an intermediate or drug substance) after the
proposed change. For process changes for biotechnological/biological drug substances, see
also ICH Q5E.
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All changes should be subject to internal change management processes as part of the
quality system (ICH Q7 and ICH Q10). This includes movements within the design space,
which do not require approval by regional regulatory authorities.

2E HE2 D AAE’O| of ATt LR HE 22| BAHE AMOF SHEHICH Q7, ICH Q10).
A 712tel X 0t El= CIAMQl AT0|A QHOfAMe| O|F = OHEIIX|Z B Y
22| CH4olLt.

Changes to information filed and approved in a dossier should be reported to regulatory
authorities in accordance with regional regulations and guidelines.

MY EM0 ZeAH S0 B2 FE2o| #E A= =l w8d Zto|=2telof| et
THAl 7| 2o EasjoF Shot.

10. A (Nustrative Examples)

These examples are provided for illustrative purposes and only suggest potential uses. This

Appendix is not intended to create any new expectations beyond the current regulatory

requirements.

otzfel of= of 7to|=ztelel O|sHE 28 WHs HYsty| st Aot O] RE2

A A ZlE oo Mz=2 ZItf 7] HMAISH?| ?lgt Z40] OfLICH,

101 o 1: 28 &4 22 % 33 nI0jEer F=oUYE CQA2l Al - e
=2 (Example 1: Linking Material Attributes and Process Parameters to Drug
Substance CQAs - Chemical Entity)

This example illustrates development of a design space using prior knowledge and

chemistry first principles. It depicts both a traditional and enhanced approach to

determination of the ranges for parameters controlling the formation of a hydrolysis

impurity during Step 5 of the following reaction scheme (also used in Example 4

A& X AMa =tstd MR- ofAH5H0 CjAtel AH0|AS Edt=
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Ry Purification Ry Step 6

«— —
R}/L,m <« Rj/'\,m F

Final Drug “Crude™
Substance Drug Substance

After the formation of intermediate F in Step 5, the mixture is heated to reflux. During reflux

an impurity is formed through hydrolysis of intermediate F.
SH CHANM S MEF PO d9E S0 EdES JHEt0] sRAIZICH S A 0IAM

S HMEF Fe 728 E S 220 44 =tk

For the purpose of this simplified example, this is the only reaction of intermediate F that
occurs during this reflux. The following assumptions were used in the design of the process:
O ZtGhot OfjoijA o|Zi0] 2hg =& Zdsts S MEF Fof et B30It 5738 CiAHe

Alol chg 7Hge MLk

o= 710 A

The concentration of intermediate F remains approximately constant;

S HEF Fel =70 tE 2F5A 7RI

Temperature remains constant;

=27t 85 7Rl

The acceptance criterion for the hydrolysis impurity in Intermediate F is 0.30%. (This is
based on the CQA in the drug substance and the demonstrated capacity of the
subsequent steps to purge the impurity.);

S HE FO| 728l 28 318 7IE2 030%0|Ct (RE2IAE2| CQASt 0|=
TS| B E === MA 58S HE2=z Fot 7|&E0|0h)

The initial amount of water in the reflux mixture depends on the amount of water in
Intermediate E, which can be controlled by drying.

Tz g2 U ME EQ =2 0| Mt K=, ¢
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UL

Time of reflux and water concentration were identified as the most important parameters
affecting the hydrolysis of intermediate F. Other potential factors were determined to be
insignificant based on prior knowledge and risk assessment.
ghR At =5 527t B MF FQl Zhe2oio] e F

PRI QAT Al X[ Aot 2|~3 @7t Zotof| QlstH, ChE 24

Fof [ ACE.

The reaction was expected to follow second-order kinetics according to the equation below:
S22 ot SAOf WE Ojxt H=AlS HE A= O & E[ACK

d [fn drolysis _impurity ]
dt

k#,0]F]

Where [F] refers to the concentration of intermediate F.
q7|IM [Fle S HE Fel =& 20|tk

Through simple experimentation the following graph linking the extent of hydrolysis to time

and the water content of intermediate E can be generated:
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Hydrolysis Degradation at Reflux

purity (%) in Intermediate F

Hydrolysis Im

2.0 3.0
Reflux Time (hours)

& Y8 (Traditional Approach):

In a traditional approach this information would be used to set a proven acceptable range
for % water and time that achieves the acceptance criteria for the hydrolysis impurity of

0.30% in intermediate F. This is typically done by setting a target value and maximum such
¢ ®MEF T It
ARS &
Dry Intermediate E to a maximum water content of 1.0%;

S HE EE U= 2H =2 S-S 1.0%= ok

Target reflux time of 1 hour and a maximum reflux time of 3 hours.

SE BE A7 A7, HT) BF AIZHS 3A7IO 2 HCh

23} g (Enhanced Approach):
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The 2nd order rate equation can be integrated and solved explicitly (Chemical Reaction
Engineering, Levenspiel 2nd Edition, 1972).

O|Xt 2tSAIZ MBS A4t = RACHChemical Reaction Engineering, Levenspiel 2nd
Edition, 1972).

= (0L ~[FL )

n| ———m—
| M(1-X;))

Where:

(Ao refers to the initial concentration of intermediate F,
S HE Fe X7 s&

[H-0, refers to the initial concentration of water,
X7 =2 &

M = [H>011A» refers to the ratio of the initial concentration of water to the initial
concentration of intermediate F; and
x7| =& & U MF Fel 7| 529 HE

Xe = XI1HAo refers to the time-dependent concentration of the hydrolysis degradant
of intermediate F divided by the initial concentration of intermediate F.
S HE Fe 7| sE2 ks ¢ MHE Fol 7t=&28 28l =2

ANZEO|EN 55

Solving this equation for time (# permits the calculation of the maximum allowable reflux
time for any combination of initial water content and target level for the hydrolysis impurity.
(The initial concentration of intermediate F in the reflux mixture will essentially be constant
from batch to batch.) The following graph shows the combination of conditions required to
ensure that the hydrolysis impurity remains below 0.30% in intermediate F.
AlZkwoll ChHotol of SAs HESHH, 7t+zd =x=2
2o et zof 5& R Alde 7 = Utk #F
Zl2dez HiX| Atolof ZEE[A FA|=ECf) Of2f

= |
8 2420| 030% 0|PHE SX[SIZE sh=0|
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Interdependence of Reflux Time and Water Content in
the Formation of Hydrolysis Impurity

Conditions that produce a level of
0.30% of the hydrolysis impurity

Operating above the line will produce
more than 0.30% of the hydrolysis
impurity

Reflux Time (hours)

1.0 2.0 3.0 4.0

Water Content (%) in Intermediate E

The area below the line in the plot above could be proposed as the design space.
of agoM A ot FHS CIAtQl Amojlaz FE = ULk

2 °F(Summary):

While both the traditional and enhanced approach provide ranges of water content and
time to control the formation of the hydrolysis impurity, the enhanced approach allows
more manufacturing flexibility.
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2: Use of Quality Risk Management to Support Lifecycle Management of Process

Parameters)

This example illustrates how results from an iterative quality risk assessment can be used to
communicate the rationale for classification and proposed future management of changes
to process parameters. Relevant parameters for establishment of a design space for a Q-
anion exchange column are shown in this Risk Ranking Histogram. The histogram showing
the ranking of parameters is intended for illustrative purposes only and is not all inclusive,
nor is it meant to be applicable to all products that may use ion exchange chromatography.
gtEXo FE 223 g7t Z2uE ZEot9 Dgiel ¥ mtole HEs
et WyE 28ttt Q20|12 ZEol CIXQl - AmOo|A~ Ao
o2tojHE orgfel 223 LEEFSHCE. mef0lE - =% &

Ch Zobota QUX|= @eH, =

or=r}.
x4 B A (Initial Filing)

A quality risk assessment utilising prior knowledge and development studies can be used to
rank process parameters based on their relative potential to have an effect on product
quality if parameter ranges were changed. The histogram shows the potential impact to
quality for future changes to parameter ranges based on the knowledge and understanding
at the time of submission. Process development studies and interaction studies were
conducted to establish design space boundaries for each of the higher risk parameters
(parameters A-F) that impact CQAs. Parameters G, H and | were also challenged in the
development studies and shown not to impact CQAs under the conditions studied. Changes
to the ranges of these parameters could still carry residual risk (based on prior
knowledge/uncertainties, including potential scale sensitivity). Parameters J-T were
considered lower risk parameters based on documented prior knowledge, and therefore an
impact on quality attributes is not anticipated. The ranking of parameters from the quality
risk assessment can be used to communicate with regulators regarding a lifecycle
management approach to assure continual improvement throughout the product lifecycle.

M X|Alab i de duE Higez FF 2(23 BIHE HAlStD O ZNE &9,
o2toje #gelvh Bols 220 HE 20 dgE UE 7tsde EMZE 3F mato|ge
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2 Ot(Lifecycle Management Options)

Risk should be reassessed throughout the lifecycle as process understanding increases.
Recommendations regarding lifecycle management changes «can be found in the
Pharmaceutical Quality System (PQS) as described in ICH Q10.

2tO|ZALO|E &2 37 Ol +FO0| Oty et 2|A3E Y EItet}. 2t0|ZAO| S
Hg 2efof 2ot M A2 ICH Q10 "Mef S8 AlLE"S Txotr)
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Working within the design space is not considered as a change. Movement out of the
design space is considered to be a change and consequently any extension of ranges for
higher risk parameters (i.e., parameters A-F) outside the design space would normally initiate
a regulatory post approval change process.

CIXtQl Amo]A QrofMel AH2 #iZ22 ZHEh|X| @f=Ch A+l AH|Of

Ols2 HZe=Z 7iFLHn, J32=2 1 2(A3 ni2tolHE, ItetolH

CIXLQl AHO]A Oj¢2 =z =St aAr & Wol= Al 720 5l ol

g AOo|Ck

An applicant can include in the original submission a proposal for how specific future
changes to parameters G, H, and | will be managed during the product lifecycle. Extension
of ranges for lower risk parameters (J-T) is addressed primarily via the PQS and does not
require prior regulatory approval, although notification may be called for depending on
regional regulatory requirements and guidance. If it is determined subsequently to the filing
that there is a change in the risk ranking, such that an extension of ranges for a parameter
represents a higher risk, this change should be appropriately filed through the regional
regulatory process.

HMEZF 2O[ZAO[Z SO 2dE mEtoje G, H, 12 7t
MY EMO ZHAA Zled + .M 2|3 mEfolgo-me TE
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ZtolE2tRlof mEtM= S27 274E = Utk H7F MY oj=0 223 WH9 HFO|
dots Z2(0f, metolEel Hel =i mWE 2(23%F 2 F9), A ZAHo| et of

MS
B0 2ot EME HESHA HMEoiof St

Risk Ranking of lon Chromatography Process Parameters

Laweer Fisk Higher Risk

Feedstock Conductivity (A)
Feedstock pH (B)
Load Density (C)
Buffer Conductivity (D)
Feedstock Impurity Level (E)
Parameter X (F)
Resin Age (G)
Flaw Rate (H)

Parameter Y {I) |

Feedstock Salt Composition (J)
Buffer Salt Composition (K)
Buffer Titrant Concentration (L)

B Extension of ranges would normally initiate a
regulatory post-approval change process

Resin Lot (M)
Temperature (N)

B The applicant can include in the origmal
gubmission a proposgal for extengion of ranges for
these parameters

Feadstack Titrant (O)
Biotechnology Product Concentration (P)
Cleaning Buffer (Q)

Start of Pooling (R) . . i . .
[1 Extension of ranges is addressed primanly via the

PQS (Q10)

End of Pooling (3)
Parameter Z (T)

SRR

103 Of3: 43S AR2YE The| 32| C|X}Q AHO|A(Example 3: Presentation

of a Design Space for a Biotechnological Drug Substance Unit Operation)

This example is based on a design space for a drug substance purification unit operation
(Q-anion exchange column run for a monoclonal antibody in flow-through mode),
determined from the common region of successful operating ranges for multiple CQAs. This
figure illustrates a potential depiction of a design space based on successful operating
ranges for three CQAs and the use of prior knowledge (platform manufacturing) in
developing a design space. The ranges represented here indicate areas of successful
operation. Operation beyond these ranges does not necessarily mean that drug substance
of unacceptable quality will be produced, simply that these operating conditions have not
been studied and therefore the quality of the drug substance is unknown.

Of Ol= oz CQAdl Chstol Mgt 58 89l 7t20 38 X992 Edz o

HEo%E M Hel ST ERLFR BEo HE 28 X Q3012 ug ZH)9 Lkt
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Viral clearance and Host Cell Proteins (HCP) ranges were derived from multivariate
experimentation (see ICH Q8). The successful operating range for DNA was derived from
prior knowledge (platform manufacturing) which in turn was derived from results of
multivariate studies performed on related products. The successful operating range for HCP
lies within the viral clearance and DNA successful operating ranges. In this example, the
diagrams below show how HCP limits the unit operation design space compared to viral
safety and DNA. Consideration of additional input variables, process parameters, or CQAs
could limit design space further.
HFO|2{A ZS2|0{RAQL £F A MH(ICH Q8 #xX)2 Sl
E=3UCE DNAO| Cisto Hetot )2 HEgez FA=H,
Ol= CHA| 23 HES Ahz AA 0| C}. HCPOI| CH3IOf

A0
et 28 "fl= HiOl2L SE(0ELR ot A &8 "9l O|LjoICt,

o
2l 28 solaia e Haal DNAs el B3 ORIl AHoO|AE

otSt=X| BEOof FLf F7hHQ & { Ot2t0jE, CQAS AESHH, LAt
ﬁﬂ1|0|ﬁ7f 0= Herd & RACEH

The design space is applicable only within specified conditions, including
CIxtel AW O|AE BHEE 2P0 X =d O[LoMEt HEE =+ UCL
Appropriately defined quality criteria for input materials;

T8 =30 oot HESHA A8 B2 7=

Appropriately selected CQAs and process parameters.
HESHA HEE CQARt 53 mi2to|H
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Viral Clearance

Conductviby (msfom)

£H

I

DNA

Viral Clearance

Conductivity {mSicm)

R0 R A0 A AR R AR RN A
pH

Conductivity (mSfcm)

Design Space

Host Cell Proteins

Host
Cell
Proteins

Canductivity [mSfom)

pH

104 o 4 HAE 1’4 (Example 4: Selecting an Appropriate Starting
Material)

Ry Purification Ry Step 6
€« — D
RB/L/R-‘i- Rj/'\/R4

Final Dmug “Crude”

Substance Drug Substance

This example illustrates the importance of considering all general principles described in

Section 5.1.1 when selecting an appropriate starting material, rather than applying each
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general principle in isolation. The example is fictional, based on a linear synthesis for a
relatively simple molecule, and is not intended to convey any particular meaning in relation
to the number of steps.

of o= HBt =2 =% 1. %]

HESH7|ECs, 25 &bt ct.

=Ae i g SEE Bt T2

olo|E HMAISH| fgt A0|

The desired stereochemical configuration in the drug substance results from the synthesis of
compound B in Step 1 from a commercially available achiral precursor A and a stereo-
selective reagent. A small amount of the opposite enantiomer of compound B is also
formed in Step 1. Once formed, both stereochemical configurations persist through the
synthetic steps that follow, so the drug substance <also. contains a small amount of its
undesired enantiomer as a specified impurity. In accordance with the principle that
manufacturing steps that impact the drug substance impurity profile should normally be
included in the manufacturing process described in Section 3.2.5.2.2 of the application, it
could be concluded that Step 1/ should be described in 3.2.5.2.2, and that A should be
considered the starting material.

At
(=]

A= O|tE9
StCf HE4 old&HZL 1THAOM &
Ol o A WU X$EH, 122
HEMI A2 SHREC
=Ml MM 325220
H AE &% SEE B}

However, for this manufacturing process, it is also known that all of the significant impurities
in the drug substance (other than opposite enantiomer) arise from Steps 4, 5, and 6. Steps 2
and 3 have no impact on the drug substance impurity profile, and the only impact from
Step 1 is with regard to the enantiomeric impurity. Furthermore, it is also known that the
stereocentre first formed in Step 1 is stable to the manufacturing conditions in all of the
steps that follow (i.e, no racemisation occurs or is ever likely to occur), and that a suitable
analytical procedure exists for measuring the amount of the opposite enantiomer in
compound D. Therefore, provided compound D is in accordance with most of the other
general principles described in Section 5.1.1, it would be reasonable to propose D as the

starting material instead of A in accordance with the principle that early steps in the
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manufacturing process tend to have a lower potential to impact drug substance quality than
later steps. In this example, the only impact of Step 1 is on the amount of the enantiomeric
impurity in the drug substance, and this could alternatively be controlled through an
appropriate limit on the amount of the opposite enantiomer in compound D. Information
on Steps 1-3 would be made available to regulatory authorities in order to justify such a

proposal as per regional expectations.
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A similar argument could be made if the stereocentre in the drug substance originated in
the commercially available precursor A instead of being created in Step 1.
HZoofFo| AHYWHZ 1EHAMNAM FJEX §n JE¥Hez F0f Ztsst HA

AOM Fefot ZR0 e HIRSHA FHE 5+ UL

105 Of 5: X|¥ CQAQ| 22| 24 2%(Example 5: Summary of Control Elements for
select CQAs)

This example illustrates how part of a drug substance control strategy might be summarised
in tabular form. The tables show how an applicant can communicate information on
multiple elements of a drug substance control strategy and guide the reviewer to sections
of the CTD where detailed elements of the control strategy are described or justified. Such
control strategy summary tables should not contain the rationale or justification for the
controls but should simply indicate where the information can be found in the application
for marketing authorisation.

of o= ®ERo%E 2| T ZHEE B FH2=2 ool gEHs 2o FL
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There are multiple ways of presenting this information, and two are shown below. One table
shows more detail than the other to illustrate that there is a range of possibilities for
presenting this information. The amount of detail included in a control strategy summary
table is up to the applicant and is not related to the type of drug substance. CQAs and
control elements shown in the tables below are only examples and are not intended to be a
comprehensive representation of all elements of a drugsubstance control strategy. The
tables should not be considered templates. The section of the application that includes the
justification of the drug substance specification (3.2.5.4.5) is @ good place to summarise the
overall drug substance control strategy.

Of Y25 HMAlst= g0l B2, 27kK] &S Ofafoll A

Crets 20 . B SfLk= O ApM[SHA 2HS AL
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S5a. 2|

My Qo0

e

of -

H|Z (Example of a Possible

Summary - Biotechnological Products)

Control Strategy

Drug Substance
CQA
HROI%F CQA

Control Strategy for drug substance CQA
HEOI%E CQA 2| M=

Section(s) in CTD
where detailed
information is

located
N& HRE
7|&8t= CTD 44

Contaminants in
biologically  sourced
materials
(Viral Safety)
SeH g2 2o
Ashe o

= 2(H0l2{& oY)

Summaries of viral safety information for biologically-

sourced materials

WESY |2 2T B2~ oHY BY Y

325823

Detailed information including for © materials  of

biological origin, testing at appropriate stages of
production and viral clearance studies

gox | 2o o
& EHAOA HAISHE Al b HEO[2 A

2o 2t

As

oSt A e

Residual Host Cell

Proteins

e &3 ME

Design Space for an individual unit operation (e.g., see

Example 3

)
SJ8 CIAtQL ATo|A(of, of 3 &=x)

2

Target range for consistent removal assured by

validation

#alHojdo 2lsf SHE, HMAHe

1

25 e

Analytical procedures and their validation

=4 et 24 FXt E2|Ho[M

3.254.2 and 3.254.3

Specific Glycoforms

= _1 IT
£ 2gI2E

Controls implicit in the design of the manufacturing
process including a summary of process control steps

(e.g., cell culture conditions, downstream purification,

holding conditions etc.)
8 &2l A %=

Zestol M= 578 LAl

a1
o o
e CHAE(Ol, MZ B =4, T22EY FH,

LZE &

z2 §)

Characterisation to justify classification as CQA (cross
on-clinical/clinical sections if relevant)

=20

reference to

n
cAz  =Fet Z2AE F= 594 B
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YEEIYEE 20l HYY/AY Mo Fe BA)

Control of Critical Steps, Testing program and
specifications

58 3F oo B2, AY 221, 32

and/or

Justification of specification

Aol By

Stability

OF & M
L OO
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5b. #2| M2k 229| of - $8t EE(Example of a Possible Control Strategy Summary —

Chemical Entity)

Type of
Control
Drug -
Substance
CQA (3.2.5.2.6) /
Limit in Drug

Substance |

In process Controls
(including In-process
testing and process

parameters)

Controls on material
attributes (raw
materials/starting
materials

/intermediates)

Impact of
Manufacturing

Process Design

Is CQA tested
on drug
substance/
included in
Drug
Substance
specification

(3.2.5.4.1)

Organic Purity
- Impurity X
NMT* 0.15%

- Impurity Y
NMT 0.20%

- Any individual

unspecified

Design

space of the

reflux unit operation

composed of a combination of %water in

Intermediate E and the reflux time in step 5 that

delivers Intermediate F with- Hydrolysis Impurity

<0.30% (3.2.5.2.2)

ClALol "AFO[~, St ME

<0.30%7F |4

St=

E =+ f

Process  parameters
step 4 (3.2.5.2.2)

p(Hz) 22 barg

T <50°C

In-process test step 4
(3.25.2.4)

Impurity Y <0.50%
4EHA 2|
oetojef(3.2.5.2.2)

nb s
[SN(=]

p(H,) =2 barg
T <50°C
45|
Al&E(3.2.5.2.4)

== Y <0.50%

Yes/Yes

Specs for starting

material D (3.2.5.2.3)

Yes/Yes
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impurity
NMT 0.10%
- Total impurities

NMT 0.50%

Yes/Yes

Enantiomeric
purity
- S-enantiomer

NMT 0.50%

Spec for starting
material D (3.2.5.2.3)
- S-enantiomer £0.50%

D9

- S-enantiomer <0.50%

Stereocentre
shown not to
racemize (3.2.5.2.6)
2HPY A=
2 O] 2HE[ K|

AS(3.2.5.2.6)

No/No

Residual Solvent
- Ethanol

NMT 5000 ppm

- Toluene

NMT 890 ppm

In-process test during

after  final

drying
purification step
(3.25.24)

LOD <040 %

A A

Alel

S
A=
A& (3.2.5.2.4)
LOD <0.40 %

In-process results
correlated to test
results on drug
substance
(3.2.5.2.6)
HROIAZL| Al
et 38 Al

od(3.25.2.6)

In-process test step 4
(3.25.24)

<2000 ppm by G.C
ACHA 3
AE(3.25.2.4)

<2000 ppm by G.C

Process steps after
step 4 are shown
to purge toluene
to levels
significantly below
than

(less 10%)

that indicated in
ICH Q3C (3.25.2.6)
o

ey
o
ol

_'c'>':
HA= =

Fog
ICH Q3Coll e
=T ost2
F2l0/5tA
H7A 7|2 Ae®

.
SRS

* NMT: not more than
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T This approach could be acceptable as part of a control strategy when justified by
submission of relevant process data that confirms the adequacy of the process design and
control. The manufacturing process should be periodically evaluated under the firm's quality
system to verify removal of the solvent.

S8 CIAtel 8 gele] HEYES ¢5ste #d 338 HOoIHE &5t Ef

F0 el HEe] UFE2M o €40l FE ACE RHH| SE Al

o=
Mz S8 F7IH22 Eoteh 8o MA ==&
H 5b #E F(Notes concerning Table 5b)

The above table is based on the route of synthesis presented in‘Example 1. The Control for
enantiomeric impurity is based on Decision Tree 5 from ICH Guideline Q6A, which allows for
control of chiral quality to be established by applying limits to appropriate starting materials
or intermediates when justified from development studies. In order for this approach to be
acceptable data would need to be provided in 3.2.S.2.6 to demonstrate the stability of the
stereocentre under the proposed manufacturing conditions.

1ol 2= of 19| gd 428 HEg2=z2 o AOICh HE2d OIdEM =
Q6AS| SjA ZP¥LE 55 HtEe=z ok A, of Ao 2lstEH
EtEstota = ¢ M=o

712 22

AH M

o
e
T

OF
=

k=3
=
S|
oS
e

=2 o om
2

Y oo
X

The table summarises only a portion of the control strategy that would be presented at the
time of initial submission and does not include all CQAs of the drug substance. The example
control strategy provides for control of some CQAs at stages in the process prior to the
drug substance. The elements of the proposed control strategy described in the application
would be justified by the applicant and subject to regulatory assessment and approval.
of #= ¥ =EME NMZ HMEZ TAQ &2 T2 724 LR 9%t Ao|H,
AROI¥F2| ZE CQAE =EESt RUAX| §ct 0] 2| FE2 A=ROIfEF0| TS0{X|7|
O 38 HHAMM 28 CQAE ZtE|st7| flet Ao|Ct MUE M0 7|&dt=s 22| TE
o EfgdE LEYENI S 2Rt AeH, of FE2 Al 7|l Eriet sels

Hh
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11. 20 J2|(Glossary)

stst™ T ThA|(Chemical Transformation Step):
For Chemical Entities, a step involved in the synthesis of the chemical structure of the drug
substance from precursor molecular fragments. Typically it involves C-X or C-C bond
formation or breaking.

ot 222 20 MM XM Fzol¥F2ol ot

HtH o2 C-X £ C-C 220 HgE|AHLt TR

£ Z(Contaminants):

Any adventitiously introduced materials (e.g., chemical, biochemical, or microbial species)

not intended to be part of the manufacturing process of the drug substance or drug
product. (ICH Q6B)
AROIGBOIL} AH AT HMZE BY Alo| o|=SK| §UE 2Ho| sfetx]
A
o

= 3)(ICH Q6B)

|

AEH 2 H|2|m|#H o] M (Continuous Process Verification):
An alternative approach to process validation in which manufacturing process performance

is continuously monitored and evaluated. (ICH Q8)
HE B39 452 ASHOR RUEYSD Wiksts, BF Wa|6|0|M0 3 W, (CH Q8).

#2| H2(Control Strategy):
A planned set of controls, derived from current product and process understanding, that
assures 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. (ICH Q10)
el MEZF S OBfE Higez HotH, 38 dsit M=
A=lsto] Aok 22| oM, AzoFEnt 2Ne|FEl ARt

=28 =4, IPC, 2[FT HE 4, ZHEHE A

Ck. (ICH Q10)

CQA(Critical Quality Attribute):

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. (ICH
Q8)
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O[Li6{OF St=

C|X}Ql AHO|A(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 as 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. (ICH Q8)
= EEE}QI ddol s8E 33 ﬂfEHﬂlEﬂEf
et A 2
7+’<E|D1

37t X E (Intermediate):
See ICH Q7, ICH Q3A, and ICH Q5C.
ICH Q7, ICH Q3A, ICH Q5C &=,

== (Impurity):
See ICH Q3A, ICH Q6A and ICH Q6B.
ICH Q3A, Q6A, ICH Q6B & Z.

210 = A}O| & (Lifecycle):
All phases in the life of a product from the initial development through marketing until the

product’s discontinuation (ICH Q8).
x7| JHLRE BOE AN XE STl 0|2

E8E N X (Platform Manufacturing):

The approach of developing a production strategy for a new drug starting from
manufacturing processes similar to those used by the same applicant to manufacture other
drugs of the same type (e.g, as in the production of monoclonal antibodies using
predefined host cell, cell culture, and purification processes, for which there already exists
considerable experience).

SY NHUMIL 5Y [ bR TR
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gmpeye

www.gmpeye.co.kr




ICH Q11 Development & Manufacture of Drug Substances

a8 =3 M=, M= HY, 3§ sF2= Y

2% ZA1’d(Process Robustness):
Ability of a process to tolerate variability of materials and changes of the process and
equipment without negative impact on quality. (ICH Q8)

20| 2N FS FX YW FHD Hulo|] HMFW 2ol WAE IZY 5 9

ol 3. (ICH Q8)

QRM(Quality Risk Management):

A systematic process for the assessment, control, communication and review of risks to the
quality of the drug (medicinal) product across the product lifecycle. (ICH Q9)

HME 2Ho|ZAO|Z TMOf ZM 2lofF FE 2l239 B2, &AM, HAFUZHoM, dE=
TE MAXFL EXE (ICH Q9)

QTPP(Quality Target Product Profile):

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. (ICH Q8)

oofZ ol erH-gut 22 2T

olotBo| o5

HA|Zt £} £Q A& (Real Time Release Testing):

The ability to evaluate and ensure the quality of in-process and/or final product based on
process data, which typically include a valid combination of measured material attributes
and process controls. (ICH Q8)

gEto2E= 25 E4 24 Gt 38 22
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