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3.1  Introduction

The concept of Quality by Design (QbD) has provided both opportunities and chal-
lenges for the biopharmaceutical industry. A successful QbD approach can lead to 
a better understanding of products and more robust manufacturing processes, and 
offers the potential for timely and flexible regulatory approval (Stevenson and Co-
chrane 2011a, b). QbD uses a science and risk-based approach that emphasizes the 
importance of developing scientific knowledge and thorough understanding of both 
the product and the process. This concept has been successfully applied in many 
industries and is only recently being introduced in the pharmaceutical industry, first 
to small molecules and now to biologics (Elliott et al. 2013). The US Food and 
Drug Administration (FDA) and other health authorities are also engaged in ap-
plying QbD to pharmaceutical development and manufacturing. In the past several 
years, significant progress has been made to establish and implement the concepts 
of QbD to pharmaceutical development and manufacturing. A number of initiatives 
within the FDA have described their expectations and objectives and are encourag-
ing pharmaceutical industry to utilize QbD concepts in their product development 
and manufacturing. Several International Conferences on Harmonization (ICH) 
guidance documents (ICH Q8, ICH Q9, ICH Q10, and ICH Q11), and the FDA Pro-
cess Analytical Technology guidance have been published and laid the foundation 
for pharmaceutical companies to implement QbD in their operations and product 
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development (FDA 2004; ICH 2009, 2005, 2008, 2012). In addition, a recently pub-
lished mock case study on an antibody API and Drug Product by the CMC Biotech 
Working group, with FDA and other health authority feedback, has provided further 
useful and practical information about how to apply the key elements of QbD to 
process development (CMC Working Group 2009).

QbD requires a thorough understanding of the product and its manufacturing 
process. Additional time and resources are required to establish a company’s ap-
proach and framework to applying QbD for its first few products. But once es-
tablished, such a program should streamline development by applying consistent 
approaches and tools, and leveraging data across the same class of products more 
easily. A successful QbD approach should provide a higher level of assurance of 
product quality and improved efficiency for industry and regulatory approval.

The key elements of the QbD approach include the quality target product profile 
(QTPP), critical quality attributes (CQAs), risk assessments, design space, critical 
material attributes (CMAs), critical process parameters (CPPs), control strategy and 
product life cycle management which include continuous improvement. Figure 3.1 
illustrates the QbD roadmap and how all of the elements of QbD are linked to each 
other.

Despite much progress having been made in past several years, interpretation of 
QbD concepts and the scope of its key elements are still an ongoing process and will 
require further clarification and alignment within industry, particularly for more 
complex biopharmaceutical products and with regulators. In this chapter, we focus 
on the basic definition and scope of the key elements of QbD for biopharmaceutical 
drug development.

CQA Identification Analytical Testing
Strategy

Process 
Development

Knowledge from Control StrategyPotential Final
CQA

Increasing Product  Knowledge

g
Similar 

Molecules

Product 
Understandin

CQAs
Lifecycle 

Management
Plan

s

Multi-Step DOEProcess Characterization & 
V lid ti

Design Space   & CPP 
g

Scientific 
Literature

or Linkage StudiesValidation Identification

Increasing Process Knowledge

Process Characterization 
Study Design

CPP & Design Space 
Identification

Knowledge Management

Fig. 3.1  Quality by design (QbD) roadmap

 



333 Definitions and Scope of Key Elements of QbD

3.2  Quality Target Product Profile

3.2.1  Definition

The QbD approach begins with the establishment of quality target product profile 
(QTPP). The QTPP is 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 product (ICH 2009). The establishment of 
a good understanding of the target product profile (TPP) is an important step in 
determining QTPP. The TPP provides a statement of the overall intent of the drug 
development program and gives information about the drug at a particular time in 
its development lifecycle. Usually, it includes the specific studies (both planned and 
completed) that will supply the evidence for each conclusion that becomes part of 
the label (Lionberger et al. 2008). The QTPP is derived from an understanding of 
the mode of action of the product, patient profile, clinical indication, desired safety 
profile, and where appropriate, includes quality characteristics related to:

• Route of administration and intended use (in a clinical setting or at home)
• Dosage form, delivery system
• Dosage strength
• Container closure system
• Therapeutic moiety release or delivery and attributes affecting pharmacokinetic 

characteristics (e.g., dissolution, aerodynamic performance) appropriate to the 
Drug Product dosage form being developed

• Drug Product quality criteria (e.g., sterility, purity, stability, and drug release) 
appropriate for the intended marketed product

3.2.2  Interpretation/Consideration for Biopharmaceuticals

The QTPP defines a target for product quality requirements. It forms the basis for 
the development of other key QbD elements, such as CQAs and control strategy, 
and drives formulation and process development decisions. The QTPP describes the 
product design criteria that will ensure the quality, safety, and efficacy of a specific 
product for patients. A series of critical considerations should be made for the QTPP 
of a biopharmaceutical product. This includes important information from the TPP 
or equivalent source that describes the use, safety and efficacy of the product. In 
addition, it also includes the understanding of scientific knowledge, health author-
ity requirements and in case of the Drug Product intrinsic Active Product Ingredient 
(API) properties. The flow of inputs to and output of QTPP is shown in Fig. 3.2:

Establishment of the QTPP is a critical step for a QbD approach. The QTPP 
includes not only the relevant information from the product specification but also 
patient relevant product performance. For example, if the viscosity of a high con-
centration product is critical to the reconstitution or delivery of the Drug Product, 
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then the QTPP should include viscosity information. The QTPP is a living docu-
ment that can change as more information become available. When changes are 
made to the TPP or other key elements, a reevaluation must be performed to assess 
impact to the QTPP. The QTPP may be updated to reflect new knowledge about the 
product and changes in the clinical development program.

An example of a QTPP for a biopharmaceutical product is provided below. This 
example is taken from the A–MAb published mock case study on an antibody API 
and Drug Product (CMC Working Group 2009). Detailed information in QTPP will 
vary from product to product based on the differences between indications, intended 
use, and the characteristics of the product itself. For example, in the A–MAb mock 
case study, Drug Product quality criteria, such as aggregate, fucose content, galac-
tosylation, and host cell protein were listed in detail (Table 3.1).

3.3  Critical Quality Attributes

3.3.1  Definition

ICH Q8 defines a CQA as a physical, chemical, biological, or microbiological prop-
erty or characteristic that should be within an appropriate limit, range, or distribu-
tion to ensure the desired product quality (ICH 2009). Product quality is typically 
interpreted as product safety and efficacy. A CQA is a product attribute and not 
an analytical test and is generally associated with the Drug Substance, excipients, 
intermediate and Drug Product. It should be noted that the intended safety, efficacy, 
stability, and performance of the product are generally not considered as CQAs. 
Safety and efficacy clearly fall under the domain of the TPP. CQAs can be further 
categorized as an obligatory CQA. An obligatory CQA is an attribute required by a 
health authority to be either monitored or controlled as part of the product’s control 
strategy.

CQAs are managed throughout the product lifecycle (see Fig. 3.2). During 
product development, potential CQAs (pCQAs) are identified based on an itera-
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tive  application of risk-based tools. The list of pCQAs and their risk scores will 
be further modified as product knowledge increases through the various stages of 
product development. When changes are made to the QTPP, an evaluation must be 
performed to assess the impact on the pCQAs. At the time of filing for approval, 
the potential CQAs become CQAs and should reflect the current knowledge and 
understanding of the impact on patient safety and product efficacy. The CQAs must 
be described, justified, and documented. As more knowledge is gained about qual-
ity attributes post-licensure, the criticality of those attributes may change (increase 
or decrease) and the CQAs should be updated. When there is a change in a CQA, 
the impact on the design space and control strategy should be assessed and updated 
if necessary.

3.3.2  Interpretation/Considerations for Biopharmaceuticals

The approach to identifying CQAs should be dependent on the category of the qual-
ity attribute (QA) being assessed. Quality attributes for a biopharmaceutical product 
may be divided into the different assessment categories (see Table 3.2). Dividing 

Table 3.1  Quality target product profile for A-MAb1 (CMC working group, 2009)
Product attribute Target
Dosage form Liquid, single use
Protein content per vial 500 mg
Dose 10 mg/kg
Concentration 25 mg/mL
Mode of administration IV, diluted with isotonic saline or dextrose
Viscosity Acceptable for manufacturing, storage, and delivery with-

out the use of special devices (for example, less than 10 cP 
at room temperature)

Container 20R type 1 borosilicate glass vials, fluro-resin laminated 
stopper

Shelf life ≥ 2 years at 2–8°C
Compatibility with manufactur-
ing processes

Minimum 14 days at 25 °C and subsequent 2 years at 
2–8 °C, soluble at higher concentrations during UF/DF

Biocompatibility Acceptable toleration on infusion
Degradants and impurities Below safety threshold, or qualified
Pharmacopoeial compliance Meets pharmacopoeial requirements for parenteral dos-

age forms, colorless to slightly yellow, practically free of 
visible particles and meets USP criteria for sub-visible 
particles

Aggregate 0–5 %
Fucose content 2–13 %
Galactosylation (%G1 + %G2) 10–40 %
Host cell protein 0–100 ng/mg
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quality attributes into categories enables distinction of QAs that are product or pro-
cess specific and require a risk assessment, from those that are common across 
products and processes and can therefore be assessed generically, or those that must 
be controlled based on regulatory agency requirements or expectations.

In general, the risk assessment tools developed for evaluation of quality attributes 
are science and risk based, and designed to allow consistent CQA identification that 
is independent of process capability and applicable throughout the product lifecycle. 
This approach enables early identification of high-risk product variants and impuri-
ties that may be need to be studied further to lower the uncertainty and modify the 
impact based on the new information obtained. The risk assessment tool should be 
applied at defined stages of product development to incorporate new information 
and help guide development studies to better understand product quality attributes. 
Consistency among products and users determining QA criticality is assured through 
training, subject matter expert facilitation of assessments, standardized documenta-
tion, team and expert review, and management approval of CQA identification.

3.3.2.1  Product Variants and Process-related Impurities

Product variants and certain process-related impurities should be evaluated carefully 
using a risk assessment approach that assesses the impact of each QA on safety and 

Table 3.2  Categories of antibody product quality attributes
Category of Attribute Assessment Rationale for approach
Product variants
Charge, size, thiol/disulfide, 
glycans, oxidation, sequence

Risk assessment Impacts on patient safety and 
product efficacy are specific 
to variant in question, the 
product's mechanism of action, 
route of administration, clini-
cal experience, etc.

Process-related impurities
Host cell protein, DNA, 
leached protein A

Risk assessment With appropriate justification, 
data from similar products can 
be used to assess safety in the 
absence of product-specific 
clinical experience

Composition and strength
pH, buffers, protein concen-
tration, appearance

not required, obligate CQA Potentially high impact on 
patient safety and product 
efficacy

Adventitious agents
Potential viruses, bioburden, 
mycoplasma, endotoxin, 
microbial contamination

not required, obligate CQA Potentially high impact on 
patient safety

Raw materials and leachables
Cell culture and recovery 
components (nutrients, trace 
elements, salts, buffers, etc.) 
and leachables

Safety and toxicity/process 
clearance

Extensive data are often avail-
able from safety and toxicity 
assessments
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efficacy. Product variants are assessed on a product-specific basis to account for the 
unique modifications, mechanism of action, indication, route of administration, pre-
clinical and clinical experience, in vitro studies, and other factors that influence risk 
assessment. General product and platform knowledge from similar molecules can 
also help this process. Process-related impurities are often common among similar 
products and process. Therefore, prior knowledge is often applied to assess risk for 
these attributes in products manufactured using similar processes. Criticality of each 
QA is assessed independent of actual levels present or the ability of the process to 
control the QA. Process capability should be considered later, during development 
of the control strategy and any post-approval lifecycle management plan. An excep-
tion to this is the assessment done with raw materials and leachables (see 4.3.2.3).

3.3.2.2  Risk Assessment Approach

Many biopharmaceutical companies, with input from the regulators, have adopted 
the use of a risk ranking and filtering (RRF) approach to assess criticality of QAs 
(Martin-Moe et al. 2011). The risk-ranking approach typically incorporates two 
factors: impact and the uncertainty of that impact. Impact is the potential affect a 
 variant or impurity may have on patient safety and product efficacy (together these 
constitute “harm”). Uncertainty is related to the degree of confidence that the im-
pact is correctly assigned for the QA of interest. Also, the impact and uncertainty 
rankings may have different scales to reflect the relative importance of the two fac-
tors, with impact outweighing uncertainty. Numerical values are assigned to impact 
and uncertainty and multiplied to generate a relative risk score, which is used in 
ranking. Filters, in the form of cut-offs for risk scores, are then used to identify attri-
butes that are high risk (classified as CQAs) and low risk (classified as non-CQAs).

Application of risk assessments to identify the criticality of QAs should not take 
the place of the need for review by subject matter experts and technical manage-
ment before final CQA classifications are endorsed. Business practices should en-
sure review of QA classification by technical experts and management. In the event 
that a QA is categorized incorrectly with a risk assessment tool, this practice would 
enable reclassification, with appropriate justification. Moreover, the justification 
for the assigned classifications will also be presented to health authority reviewers 
as a part of the summary of the outcomes of the risk assessment. As a result of this 
internal and external oversight, there is assurance that no high-risk QAs are inadver-
tently classified as low risk due to strict application of a risk assessment.

The criticalities of composition/strength and adventitious agents are assessed in 
a different approach. Regulatory requirements specify that certain attributes in the 
composition/strength and adventitious agent categories must always be controlled 
due to their potentially significant impact on safety and efficacy of products. There-
fore, these attributes have been classified as obligatory CQAs and do not require 
using a risk-ranking tool for further evaluation of criticality. For these attributes, 
appropriate process and analytical controls should be implemented. Examples of 
such attributes are summarized in Table 3.3.
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3.3.2.3  Raw Materials and Leachables

The assessment of the criticality of raw materials is a challenging task. One ap-
proach is to consider the toxicity of the raw material assuming no clearance in 
the manufacturing process as a worse case. This approach evaluates and expresses 
theoretical risk to patients related to the direct impact of the presence of these mate-
rials on the Drug Product. In practice, many of the raw materials used in the manu-
facturing process have been studied extensively in animal or clinical studies. For 
example, extensive data are available for culture additives such as insulin (Smith 
et al. 1980), and process chemicals such as phosphate and acetate (Haut et al. 1980).

Raw materials are evaluated for criticality by assessing the potential toxicity of 
the compound itself. This approach evaluates the theoretical risk to patients related 
to the direct impact of the presence of these materials on the Drug Product. Those 
raw materials that pose a potential toxicity risk are considered potential CQAs (pC-
QAs). Those pCQAs are then assessed for clearance and the potential toxicity is 
reassessed based on the levels determined in those studies. Not all compounds iden-
tified as pCQAs can be measured directly. In those cases, clearance was supported 
by removal of detectable compounds with similar physicochemical properties. For 
example, clearance of a subset of ionic salts may be used to demonstrate clearance 
of all ionic salts (e.g., magnesium, chlorides, and sodium). Raw materials that are 
still potentially a toxicity risk after considering that clearance through the process 
becomes CQAs, and a control strategy will need to be developed for them. The 
impurity of a raw material that affects a CQA is also known as a CMA. A CMA 
is defined as a physical, chemical, biological, or microbiological property or the 
characteristic of a raw material whose variability has an impact on CQAs. There-
fore, they need to be monitored or controlled to ensure the desired product quality. 
CMAs may include purity of raw materials, physical properties of excipient, and 
chemical and/or microbiological purity of API or excipient. Acceptable ranges for 
CMAs must be specified to ensure that the CQAs of the final product will be within 
the acceptable ranges.

Identification of specific leachables as CQAs is much dependent on whether a 
specific compound or its impact can be detected. Leachables are compounds that 
leach into the drug or biological product from elastomeric or plastic components or 
coatings of the primary container and closure system. If development and stability 
data show evidence that leachables are consistently below levels that are demon-
strated to be acceptable and safe, no leachables will be classified as CQAs. Typical-
ly, no leachables are classified as CQAs. However, if leachables are shown to have 

Table 3.3  Examples of obligatory critical quality attributes
Category of attribute Examples
Composition and strength Protein concentration, pH, excipient and buffer concentrations, 

osmolality, extractable fill volume
Adventitious agents Virus, bioburden, mycoplasma, bacterial endotoxin, sterility



393 Definitions and Scope of Key Elements of QbD

significant impacts on CQAs of the final product (e.g., glue, tungsten, or silicone 
oil from a prefilled syringe) by a stability study, they can be classified as CQAs.

Examples of identifying critical quality attributes have been presented recently 
(CMC Working Group 2009). These examples have demonstrated the importance of 
using prior product knowledge, laboratory data, nonclinical data, and clinical data 
for the criticality assessment.

3.4  Critical Process Parameters (CPPs) and Design Space

3.4.1  Definition

Once pCQAs are identified, the next important step in the QbD process is to define 
CPPs and design space. This work is usually done in parallel with the identification 
and characterization of CQAs. A CPP is defined as a process parameter whose vari-
ability has an impact on a critical quality attribute and therefore should be monitored 
and controlled to ensure the process produces the desired quality (ICH, 2006a).

The concept of design space has been defined in ICH Q8 (R2) as “The mul-
tidimensional combination and interaction of input variables (e.g., material attri-
butes and process parameters) that have been demonstrated to provide assurance of 
quality within an acceptable range.” A design space can be applied to a single unit 
operation, multiple unit operations, or the entire process. The establishment of a 
design space for a manufacturing process is based on a good understanding of how 
the process impacts the CQAs. The limits of the design space should correspond 
to the acceptable ranges for the CQAs. In general, a change within the established 
design space for a manufacturing process is not considered as a significant change, 
while moving beyond the established design space is considered to be a significant 
change and would require pre-approval by the health authorities. In addition, more 
extensive preclinical or clinical data may also be required to support such a change.

3.4.2  Interpretation/Considerations for Biopharmaceuticals

The concepts of CPPs and design space are used in the manufacturing process de-
velopment studies to define the acceptable ranges for the manufacturing process 
parameters and formulation conditions for biopharmaceutical industry (Jameel and 
Khan 2009; Martin-Moe et al. 2011). Key steps for establishing CPPs and design 
space include performing risk assessments to identify which process parameters 
should be studied; designing those studies using design of experiments (DOE) and 
using qualified scale-down models; and executing the studies and analyzing the 
results to determine the importance of the process parameters, as well as define the 
design space.
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Prior knowledge from early manufacturing development experience with the 
molecule in question and knowledge from similar molecules is used to assess initial 
criticality. The initial criticality of the process parameters is usually assessed based 
on likelihood that a parameter can impact a pCQA on its own or in combination 
with other parameters. For a product with limited prior knowledge, small-scale pilot 
studies are often conducted before doing more thorough DOE studies.

Process characterization and validation studies are the final steps for establish-
ing CPPs and design space. Process characterization is a systematic investigation 
to understand the relationship between key operating parameters and critical qual-
ity attributes. Objectives of process characterization include identification of key 
operational and performance parameters, establishment of acceptable range for key 
parameters, and demonstrating process robustness (Li et al. 2006). Process valida-
tion is establishing documented evidence that provides a high degree of assurance 
that a specific process will consistently produce a product meeting its pre-defined 
specifications and quality attributes. Process validation often includes results of 
full-scale runs under target manufacturing conditions, and the collection of data 
on an appropriate number of production batches. Cumulative impact of multiple 
unit operations on pCQAs may be assessed by doing multi-step DOE studies or 
by assessing the impact on a given pCQA by running the various process steps 
that impact that pCQA at a worse case (process step linkage study). DOE is used 
during process characterization studies to establish CPPs and design space for the 
manufacturing process. DOE is a systematic and rigorous approach to determine 
the multidimensional relationship among input variables and their influences on 
outputs of a process. The input variable can be a process parameter (e.g., process 
time and/or temperature) and formulation attributes (e.g., concentration and excipi-
ents), while outputs are the product quality and impurity levels which usually are 
defined by CQAs.

For a DOE study, it should be emphasized that a combination of acceptable 
ranges based on univariate experiments can provide supporting data but may not 
be sufficient to establish a design space. The acceptable ranges may need to be 
based on multivariate experiments that take into account the main effects, as well 
as interactions of the process parameters and formulation attributes. For many of 
biopharmaceutical products, site- and scale-independent characterization studies 
that support identification of CPPs and define the design space are conducted using 
scale-down models of the manufacturing-scale unit operations. Site-specific studies 
include characterization and validation studies conducted at manufacturing scale 
in the intended commercial facility that demonstrate manufacturing process con-
sistency with regard to meeting pre-specified process parameter ranges, process 
performance indicators, and CQAs. When considering a scale-down model, addi-
tional experimental work is typically required to demonstrate that the data gener-
ated using the small-scale model is adequately representative of the commercial 
 manufacturing scale.

Recently, several case study examples for both Drug Substance and Drug Prod-
uct manufacturing  process have been published and provided useful information 
for define CPP and process design space during QbD process. Harms et al. have 
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presented a case study, involving P. pastoris fermentation process to demonstrate 
a stepwise approach for defining process design space (Harms et al. 2008). Similar 
work has also been conducted to define process design space for Drug Product man-
ufacturing process. Martin Moe et al. have recently published a paper that describes 
the use of QbD concept for Drug Product process development for an antibody.

3.5  Control Strategy and Control System

3.5.1  Definition

The control strategy is a key element of the QbD process. The control strategy refers to 
a set of planned controls, derived from current product and process understanding that 
ensures process performance and product quality. One of the important parts of control 
strategy is to establish a control system. A control system is a set of defined controls 
and their established acceptance criteria (or limit) based on product understanding that 
assures product quality. The control strategy comprises several elements including

• Raw material controls
• Process control via procedural and process parameter control
• In-process, lot release, and stability testing
• Testing to demonstrate comparability
• Testing done as part of process monitoring.

Raw material controls are controls relating to raw materials, excipients, buffer 
components, etc. used in the formulation and manufacturing processes, including 
supplier quality management, raw material qualification, and raw material speci-
fications. Procedural controls are a comprehensive set of facility, equipment, and 
quality system controls that result in robust and reproducible operations and prod-
uct quality. Process parameter controls are linked to CPPs that must be controlled 
within the limits of the design space to ensure product quality. In-process testing is 
conducted using analytical test methods or functionality test to ensure that select-
ed manufacturing operations are performing satisfactorily to achieve the intended 
product quality. Lot release testing is related to the testing at final lot release on a 
set of quality attributes to confirm quality of the Drug Substance or Drug Product. 
Some of the attributes will also be tested as part of the stability testing. Character-
ization and comparability testing are often used to test certain attributes beyond lot 
release testing for the purpose of intermittent process monitoring or demonstra-
tion of comparability when a change is being implemented (e.g., licensing a new 
production facility or modified manufacturing process). Process monitoring is the 
testing or evaluation of selected attributes or parameters to trend product quality or 
process performance within the design space and/or enhance confidence in an at-
tribute’s normal distribution. The frequency of monitoring is periodically reviewed 
and adjusted based on trends. The process monitoring program may include limits 
for evaluating data trends.
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3.5.2  Interpretation/Considerations for Biopharmaceuticals

The focus of the control strategy for a biopharmaceutical is typically the testing 
strategy for each attribute. It should be determined using a risk-based assessment 
related to the understanding of the potential impact of the quality attribute on the 
safety and efficacy of the product and the ability to control the level of the attribute 
through the manufacturing process and during storage (see Fig. 3.3). The testing 
strategy for each attribute is typically developed using a risk assessment tool and is 
also often confirmed using a separate risk assessment to determine the robustness 
of the resulting testing strategy.

One approach for determining the testing strategy for each identified attribute is 
to use a risk assessment tool that incorporates that quality attribute criticality and the 
risk that an attribute will exceed the acceptable range for the CQA when the process 
is operated within its design space or during with Drug Substance and Drug Product 
storage in the recommended conditions. The assessment would be performed for 
each quality attribute during Drug Substance manufacturing, Drug Product manu-
facturing, Drug Substance stability, and Drug Product stability (see Fig. 3.4).

From this evaluation, one of three possible outcomes is identified for each qual-
ity attribute

1. Control system testing is required (in-process, lot release, and/or stability testing)
2. Testing is required as part of process monitoring or to support comparability
3. No testing is required.

Once a testing strategy has been defined for each attribute, an overall robustness 
assessment should be performed using a risk assessment to determine the risk to the 
overall program that a more critical quality attribute is not controlled adequately 
by the proposed control strategy. In this evaluation, the type of measurement (i.e., 
direct versus indirect measurement), as well as its sensitivity and robustness, are 
considered in the overall risk assessment for each attribute.
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In some cases, starting with a “minimum” control system and then adding ad-
ditional tests based on the outcome of the risk assessments may be required by 
the health authorities as those tests are considered useful in monitoring product 
consistency and for further mitigating risk to patients due to unanticipated sources 
of variation.

3.5.2.1  Control System Testing

Control system testing includes in-process testing (e.g., bioburden, endotoxin), 
product release testing (e.g., product attributes, adventitious agents, impurities) and 
stability testing (e.g., stability indicating product attributes).

3.5.2.2  Process Monitoring

Process monitoring programs should be designed to provide ongoing assurance and 
verification that product quality is appropriately controlled during routine commer-
cial manufacturing. The process-monitoring program is designed to meet the fol-
lowing criteria:

• Provide assurance that the process is operating in a validated state
• Provide knowledge to enhance process understanding
• Identify adverse trends and opportunities for process improvements

Continuous process monitoring is key element in a lifecycle approach for process 
validation. A process monitoring system collects data on CPPs, key performance 
indicators (KPIs), and CQAs. The attributes monitored have been selected based on 
knowledge gained during development and execution of the process validation lots.

3.5.2.3  Comparability Assessments

Comparability assessments of both product and, if appropriate, process, are performed 
to ensure that there is no adverse impact on the quality, safety, or efficacy of the prod-
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Fig. 3.4  Establishing the control strategy
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uct as a result of a change made to the manufacturing process or licensing a new 
manufacturing site. The comparability assessment considers product quality (physico-
chemical characterization of the product), stability (degradation), and process perfor-
mance (key performance indicators and removal of process-related impurities).

3.6  Lifecycle and Knowledge Management

3.6.1  Definitions

A post-approval lifecycle management (PALM) plan is a formal document that ex-
plains how a product is managed within the QbD framework post regulatory licen-
sure. Health authorities expect that a product developed using QbD has a formalized 
lifecycle management plan. The health authorities also expect that there is a formal 
knowledge management program that archives and updates documents associated 
with product and process knowledge, as well as the documents summarizing the 
outputs of the QbD strategy.

3.6.2  Interpretation/Considerations for Biopharmaceuticals

The elements of the PALM for a biologic product and the interrelationships between 
them are illustrated in Fig. 3.5. The LMP for a biologic should include a descrip-
tion of how process and product attributes will be monitored to ensure that both 
remain in a state of control post regulatory licensure. The frequency that a prod-
uct attribute is measured is attribute-specific and dependent on the risk associated 
with that  attribute. Some attributes may be monitored in every production batch 
(more critical) or intermittently on some subset of batches (e.g., every fifth batch). 
 Additionally, product and process monitoring results, including adverse trends, 
serve as the scientific basis for continuous verification and improvement of the 
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initial control system and manufacturing process. The lifecycle management plan 
also explains how changes to the critical process parameter (CPP) operating targets 
are managed within and outside of design space. For a change to a CPP target within 
the design space, the level of pre- and post-implementation testing is determined 
by the level of risk and the potential for the change to impact a CQA. The risk is 
assessed based on considerations such as CPP criticality, the product quality at-
tributes affected, and the classification of those product quality attributes. There is 
pre-implementation and post-implementation/verification testing. The post-change 
assessment testing is meant to verify that the change had the desired result and that 
the design space continues to be valid for the manufacturing process. The PALM 
also explains how changes to a non-CPP (operating target and/or ranges) are man-
aged as well. Since non-CPPs do not impact CQAs, the assessment of these changes 
typically focus on key performance indicators. If a non-CPP is associated with a 
step that has an influence on product quality, changes to the acceptable range for 
non-CPPs for these steps usually require additional justification, based on scientific 
literature, historical data, or new studies performed similar to the ones that estab-
lished the acceptability of the original range.

The strategy for updating CQAs, the overall control strategy, and CPPs as further 
process or product knowledge gained post approval is also described in the LMP.

It is also an expectation of the health authorities that the elements of the PALM 
are integrated in the company’s pharmaceutical quality system (PQS) and that 
changes to CQAs, CPPs, etc. are documented and justified appropriately. In the ma-
jority of the cases, the same risk assessment tools are used to support those changes.

The lifecycle management plan may also be included in the product registration 
documentation and, if so, then the PALM becomes a regulatory agreement between 
the health authority and the company. In that circumstance, the company may be able 
to get agreement on some level of regulatory flexibility following the plan. Any change 
that does not meet the predefined requirements specified in the PALM would be re-
ported to the health authorities following the standard regulatory reporting approach.

The PALM is a key facilitator of knowledge management as it requires the out-
puts of the QbD strategy to be re-evaluated as new process and product knowledge 
is gained and requires that information and any changes to CQAs, CPPs, design 
space, and control strategy to be documented and justified.

3.7  Summary

QbD has provided opportunities for biopharmaceutical companies to develop better 
understanding of their products and their associated manufacturing processes. This 
approach can provide a higher level of assurance for product quality, and offer the 
potential of improved efficiency for industry and regulatory approval. Over the past 
several years, significant progress has been made to establish the industry approach 
and framework for applying QbD concepts to biopharmaceutical product develop-
ment. The key tools and strategies are developed and implemented to assess the 
key elements of QbD, including CQAs, CPPs, and the control strategy. Some of 
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these key QbD elements have been successfully included in the recent regulatory 
filling for complex biopharmaceutical products and likely will be a requirement 
for biopharmaceuticals in future. Close attention will be paid both by industry and 
regulators on how this novel approach will help to realize these potential benefits.
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