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Foreword

In 2002, FDA began an initiative entitled “Pharmaceutical Quality for the 21st

Century.” This initiative identified a number of problems in the pharmaceutical

industry: pharmaceutical manufacturing processes often had low efficiencies in

comparison to other industry sectors with significant levels of waste and rework,

reasons for manufacturing failures were not always understood, the uptake of

new technologies was slower than in other sectors, and manufacturing cycle

times and costs were high. In September 2004, the FDA published a report “Phar-

maceutical cGMPS for the 21st century – A risk based approach” which made

a series of recommendations aimed at encouraging the early adoption of new

technological advances, facilitating application of modern quality management

techniques, encouraging adoption of risk-based approaches, and ensuring that

regulatory review and inspection polices were consistent, coordinated, and based

on state-of-the art pharmaceutical science. In October 2005, Janet Woodcock of

the FDA described the desired state of the pharmaceutical industry as a maxi-

mally efficient, agile, flexible pharmaceutical manufacturing sector that reliably

produces high-quality drug products without extensive regulatory oversight.

Between 2005 and 2012, the International Conference for Harmonisation (ICH)

developed a series of guidances (ICH Q8,9,10 and 11) that were intended to

modernize the pharmaceutical industries approach to Quality Management and

embedmore scientific and risk-based approaches to pharmaceutical development

and manufacturing. This new paradigm was based on a philosophy of “Quality

by Design” (QbD). ICHQ8,9,10, and 11 described how systematic approaches

to process understanding and control of risk coupled with implementation of

effective quality management systems could deliver more robust manufacturing

processes.

A critical enabler to ensuring manufacturing processes consistently produce

products that are fit for patients and consumers is the analytical data that allows

an understanding of the process and confirms the quality of the product produced.

Many of the problems and issues with pharmaceutical manufacturing processes

uncovered via the FDAs “Pharmaceutical Quality for the 21st Century” initiative

were also true for analytical methods used by the industry. Uptake of new analyt-

ical technologies was slow, repeat occurrences of out-of-specification results due

to lab errors were common, and levels of waste and rework were high. Clearly,
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analytical testing is simply a “process” in the same way that manufacturing is a

process – the difference being that the output of a manufacturing process is a

product, while the output from an analyticalmeasurement is data. It follows there-

fore that it should be possible to apply the QbD principles described in the ICH

Q8–Q11 guidances to enhance the understanding, control, and performance of

analytical methods.

In the second edition ofMethod Validation in Pharmaceutical Analysis, the edi-

tors have included chapterswritten by subjectmatter experts, which illustrate how

the QbD principles can be applied to analytical methods. These include the fol-

lowing: how an analytical target profile (ATP) can be established to predefined

the objectives for the quality of the data that the method is required to produce

(which parallels the concept of a QTPP used to define the quality of product a

manufacturing process needs to produce), how the lifecycle approach to process

validation developed for manufacturing processes can also be applied to analyti-

cal methods, and how the need for effective change and knowledge management

process throughout the lifecycle are as equally important for analytical methods

as they are for manufacturing processes.

The concepts described in this book reflect modern quality management prac-

tices and include approaches used widely in other industries (e.g., measurement

uncertainty). The establishment of “fit-for-purpose” criteria in an ATP will facil-

itate a more scientific and risk-based approach to method validation activities

ensuring efficient use of resources that are focused on the areas of highest risk and

will bring the pharmaceutical industry in line with other science-based industries.

Ultimately, this will help promote regulatory as well as business excellence and

public health through the better understanding and control of the measurement

of quality of pharmaceutical products.

Moheb Nasr, Ph.D.

VP, CMC Regulatory Strategy, GSK
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1

1

Analytical Validation within the Pharmaceutical Lifecycle

Phil Nethercote and Joachim Ermer

1.1

Development of Process and Analytical Validation Concepts

Theconcept of validation in the pharmaceutical industrywas first proposed by two

Food and Drug Administration (FDA) officials, Ted Byers, and Bud Loftus, in the

mid 1970s in order to improve the quality of pharmaceutical products [1]. Valida-

tion of processes is now a regulatory requirement and is described in general and

specific terms in the FDA’s Code of Federal Regulations – CFR21 parts 210 and

211 as well as in the EMA’s Good Manufacturing Practices (GMP) Guide Annex

15. The 1987 FDA guide to process validation [2] defined validation as Establish-

ing documented evidence that provides a high degree of assurance that a specific

process will consistently produce a product meeting its pre-determined specifica-

tions and quality attributes. While the first validation activities were focused on

the processes involved in making pharmaceutical products, the concept of valida-

tion quickly spread to associated processes including the analytical methods used

to test the products.

Regulatory guidance on how analytical methods should be validated has also

existed for some time [3], however, it was not until the establishment of the Inter-

national Conference on the Harmonisation of Technical Requirements for the

Registration of Pharmaceuticals for Human Use (ICH) in 1990 that there was a

forum for dialogue between regulatory authorities and industry and one of the first

topics within the Quality section was analytical procedure validation. The ICH

was very helpful in harmonizing terms and definitions [4a] as well as determining

the basic requirements [4b]. Of course, due to the nature of the harmonization

process, there were some compromises and inconsistencies.

Table 1.1 shows the ICH view on the required validation characteristics for the

various types of analytical procedures.

The recognition that the current pharmaceutical industry’s manufacturing per-

formance was not as state of the art as other industries [5–7] has resulted in

unprecedented efforts over the last 15 years to modernize pharmaceutical devel-

opment andmanufacturing. InAugust 2002, the FDAannounced a significant new

Method Validation in Pharmaceutical Analysis: A Guide to Best Practice, Second Edition.
Edited by Joachim Ermer and Phil Nethercote.
© 2015 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2015 by Wiley-VCH Verlag GmbH & Co. KGaA.



2 1 Analytical Validation within the Pharmaceutical Lifecycle

Table 1.1 Validation characteristics normally evaluated for the different types of test proce-

dures [4a] and the minimum number of determinations recommended [4b].

Validation

characteristic

Minimum

Number

Analytical procedure

Identity Impurities Assaya)

Quantitative Limit

Specificityb) Not applicable Yes Yes Yes Yes

Linearity 5 No Yes No Yes

Range Not applicable No Yes No Yes

Accuracy 9 (e.g., 3× 3) No Yes No Yes

Precision

Repeatability 6 or 9 (e.g., 3× 3) No Yes No Yes

Intermediate precision/

reproducibilityc)
(2 series)d) No Yes No Yes

Detection limit Approach

dependent

No Noe) Yes No

Quantitation limit No Yes No No

Yes/no, normally evaluated/not evaluated.

a) Including dissolution, content/potency.

b) Lack of specificity of one analytical procedure could be compensated by other supporting

analytical procedure(s).

c) Reproducibility not needed for submission.

d) No number given in [1], logical conclusion.

e) May be needed in some cases.

initiative to enhance andmodernize the regulation of pharmaceuticalmanufactur-

ing and product quality, which resulted in the issue of a report in September 2004

entitled Pharmaceutical cGMPs for the 21st Century – A Risk Based Approach [8].

The aims of the initiative included encouraging industry to adopt modern qual-

itymanagement techniques and to implement risk-based approaches that focused

both industry and regulatory attention on critical areas. The need to modernize

the approach to quality management was also recognized by the ICH and resulted

in a series of new ICH guidelines being produced. In November 2005, ICH Q8

[9] and Q9 [10] were issued to provide guidance on best practice in pharmaceu-

tical development and risk management. These guidelines were followed by ICH

Q10 [11] in June 2008, which described the key aspects of a modern pharmaceuti-

cal quality system and by ICH Q11 [12] in May 2012, which gave guidance on the

development andmanufacture of drug substances. InNovember 2008, an updated

version of ICH Q8 was issued [13], which included an Annex that described the

concept of quality by design (QbD), which was defined as A systematic approach

to development that begins with predefined objectives and emphasizes product and

process understanding and process control, based on sound science and quality risk

management.
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InNovember 2007, Borman et al. [14] published a paper that recognized that the

concepts ofQbD that had been developedwith an aimof enhancing the robustness

of manufacturing processes could also have applicability to analytical procedures.

The authors noted that the existing guidance on method validation as described

by ICH Q2(R1) would need to be substantially rewritten to take account of the

QbD risk-based approaches.

The FDA had also recognized that existing guidance on manufacturing process

validation would need to be revised to better align with modern quality assur-

ance concepts and the report Pharmaceutical cGMPs for the 21st Century – A

Risk Based Approach included recommendations that the 1987 industry guide-

line on process validation be revised to include twenty-first century concepts,

including riskmanagement and adoption of a life-cycle approach. In January 2011,

the FDA issued a new guidance for industry document entitled Process Valida-

tion: General Principles and Practices [15].This guidance aligns process validation

activities with a product life-cycle concept and with the ICH Q8, 9, and 10 guide-

lines.The life-cycle concept links product and process development, qualification

of the commercial manufacturing process, and maintenance of the process in a

state of control during routine commercial production.The FDA guidance revised

the definition of process validation to the collection and evaluation of data, from

the process design stage through commercial production, which establishes scien-

tific evidence that a process is capable of consistently delivering quality product and

recognized that process validation involves a series of activities taking place over

the life cycle of the product and process.Theguidance describes process validation

activities in three stages:

Stage 1 – Process design: The commercial manufacturing process is defined

during this stage on the basis of knowledge gained through development

and scale-up activities.

Stage 2 – Process qualification: During this stage, the process design is eval-

uated to determine if the process is capable of reproducible commercial

manufacturing.

Stage 3 – Continued process verification: Ongoing assurance is gained during

routine production that the process remains in a state of control.

The guideline emphasized that understanding and controlling variation was key

to ensuring that a process delivered a fit-for-purpose product. It suggested that

manufacturers should

• Understand the sources of variation

• Detect the presence and degree of variation

• Understand the impact of variation on the process and ultimately on product

attributes

• Control the variation in a manner commensurate with the risk it represents to

the process and product.

and recognized that focusing exclusively on qualification efforts without also

understanding the manufacturing process and associated variation may not lead
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to adequate assurance of quality. It also acknowledged that after establishing and

confirming the process, manufacturers must maintain the process in a state of

control over the life of the process, even as materials, equipment, production

environment, personnel, and manufacturing procedures change.

1.2

Alignment between Process and Analytics: Three-Stage Approach

In 2010, Nethercote et al. [16] suggested that, just as process validation can benefit

from a product life-cycle approach so also can analytical method validation.They

suggested that therewere a number of key factors that are important in aQbD/life-

cycle approach. These include

• the importance of having predefined objectives;

• the need to understand the method, i.e. being able to explain the method per-

formance as a function of the method input variables;

• the need to ensure that controls on method inputs are designed such that the

method will deliver quality data consistently in all the intended environments

in which it is used;

• the need to evaluate method performance from the method design stage

throughout its life cycle of use.

They proposed that method validation be defined asThe collection and evalua-

tion of data and knowledge from the method design stage throughout its life cycle

of use which establishes scientific evidence that a method is capable of consistently

delivering quality data, that is, that, similar to the FDA’s definition of process val-

idation, it should apply to all activities performed throughout the method’s life

cycle of use – not just the qualification step that was traditionally associated with

the concept of method validation. The only difference is that the output from the

method validation activity is the data, whereas from the manufacturing process,

it is the product. It was also suggested that the three-stage approach defined by

FDAcould be applied directly to the validation of analyticalmethods, as illustrated

in Figure 1.1. These concepts were further developed in a paper by Nethercote

and Ermer in 2012 [17] and by the USP (United States Pharmacopoeia) Valida-

tion and Verification Expert Panel [18]. In these papers, the importance of having

a well-defined target for the method was emphasized – the concept of having an

analytical target profile (ATP) – as well as a recognition that the “Stage 3” activ-

ities involved both routine performance monitoring and effective assessment of

change.

Adoption of aQbD/life-cycle approach to analyticalmethod validationwill have

numerous advantages in ensuring the suitability of the analytical procedure when-

ever it is applied. It is our intention with this book to guide the reader through all

stages of the analytical life cycle, and describe both fundamentals and application

to facilitate the utilization of these advantages. We are convinced that a compre-

hensive utilization of the proposed QbD/life cycle from the start will provide the
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Figure 1.1 Three-stage approach to analytical life-cycle validation.

maximum benefit. However, aspects such as the ATP or gaining a more thorough

understanding on the sources of analytical variation and its monitoring can be

applied to analytical procedures already in routine use in order to improve their

control and reliability. In fact, most of the concepts and tools are not new, but their

systematic integration will help to modernize pharmaceutical analytics to better

align with future challenges.

1.3

Predefined Objectives: Analytical Target Profile

Obviously, the predefined objectives [9] for an analytical procedure will deter-

mine its suitability and the concept of an ATP was proposed in 2010 by a joint

EFPIA/PhRMa working group [19]. It parallels the concept of a Quality Target

Product Profile described and defined in ICH Q8, as illustrated in Figure 1.2.

Note: in order to facilitate the readability, in particular of the proposed terms

for the validation stages, “method” is used in the whole book synonymously for

analytical procedure, that is, all steps are included such as sample preparation,

analytical methodology, calibration, definition of the reportable result, as well

as specification limits.
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in combination with quality risk management)
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Figure 1.2 Alignment of QbD principles for pharmaceutical product/manufacturing and for

the corresponding analytical measurements.

TheATP defines the performance requirements for the measurement of a given

quality attribute, ormore exactly, for the “product” of the test procedure that is the

reportable result, that is, the final result that is to be compared to the acceptance

limits of the specification [20]. The ATP can be regarded as the very “heart” of

the whole life-cycle approach (see Figure 1.1). As the measurement requirements

will stay valid as long as the given quality attribute needs to be controlled, the

ATP acts as the focal point for all stages of the analytical life cycle. Consequently,

the ATP concept facilitates the integration of the various activities dealing with

analytical performance that were often performed and considered isolated in the

past, such as method development (now Stage 1), initial validation (now Stage

2), change control, and the associated re-qualification, control charts, and so on

(now Stage 3). The ATP describes the maximum acceptable uncertainty in the

reportable result and is the target that must be achieved by the analytical pro-

cedure. Note that the ATP is focused on defining the acceptable quality of the

reportable result and is independent of a specific analytical procedure. Therefore,

precision (see Section 5.2) and accuracy (see Section 5.3) over the required range

of the given quality attribute are the relevant or primary performance character-

istics to be defined in the ATP. The other performance characteristics defined in

the ICH-Guideline [4], that is, specificity (see Section 5.4), linearity (see Section

5.5), detection and quantitation limit (see Section 5.6) are method specific and are
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eventually consolidated in accuracy and precision, or uncertainty. Depending on

the criticality and the level of risk control desired for the given quality attribute, the

ATP requirements can be based on simple decision rules or incorporate numerical

risk control (see Chapter 3). For example, in case of an assay, the ATPmay look as

the following examples:

• The procedure must be able to quantify [analyte] in [presence of X, Y, Z] over

a range of A% to B% of the nominal concentration with a precision of less than

C% RSD (relative standard deviation) and an accuracy of less than D% bias.

• The procedure must be able to quantify [analyte] in [presence of X, Y, Z] over

a range of A% to B% of the nominal concentration with an accuracy and uncer-

tainty so that the reportable result falls within ±C% of the true value with at

least a 90% probability determined with 95% confidence [18].

The paradigm change in establishing the requirements of “what” needs to be

measured, instead of the “how” guarantees a close link between the suitability of

the eventually applied analytical procedure and the manufacturing process and

product requirements. It is proposed that eventually, the ATP is submitted to

and approved by regulatory authorities and not an individual analytical proce-

dure, that is, any analytical procedure conforming to the defined ATP would be

regarded as acceptable. The current analytical procedure for each critical quality

attribute would be included in the dossier as an example or reference procedure

in order to allow official control laboratories to implement the testing. As such,

an example procedure may include much more operational method and handling

details, without facing the risk of regulatory constraints; this approach would also

facilitate the work of official control laboratories. It would also facilitate contin-

uous improvements, ranging from changes of method parameters such as mobile

phase composition or gradient in LC up to application of a different analysis tech-

nique. Of course, any change must be strictly handled according to the internal

change control management of the company (see Section 8.4).

The application of the ATP concept is also feasible retrospectively for marketed

products. Here past and current process and product information and knowledge

can be summarized in order to establish explicitly the requirements to define an

ATP, which can then be used as focal point during the further analytical life cycle.

Chapter 3 describes an approach to developing an ATP that draws on concepts

of “measurement uncertainty” and decision rules described in consensus stan-

dards documents such as ASTM, Eurachem guidance, ASME, and so on. This

approach is based on the recognition that in many situations, analytical data is

generated in order to make a decision on whether a material is or is not of accept-

able quality (making the decision is the “purpose” in fit for purpose). In principle,

such decisions should be made taking into account the uncertainty in the data. By

understanding what decisions will be made with the data generated by a method

and what level of risk of making the wrong decision is acceptable, it is possible to

define a maximum measurement uncertainty that the method can have in order

that there is adequate confidence in the decisions being made. Such approaches,

while not yet common within the pharmaceutical industry, provide a rational link
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between the use of data and the validation requirements for themethod generating

that data.

Similar approaches described or intended in the USP such as the performance-

based concept in the USP’s medicines compendia are discussed in Chapter 4.

By focusing on the required performance of the reportable result, greater con-

sideration will be given to the performance of the routine application of the ana-

lytical procedure, which is sometimes neglected during validation.

1.4

Analytical Life Cycle

As qualified equipment is one of the essential prerequisites for any analytical mea-

surement, the book begins with this topic (see Section 2.1), including the concept

of continuous performance qualification (see Section 2.2) as an efficient way to

collect equipment performance results.

While the ICH guidelines were intended to be regarded as the basis and philo-

sophical background to analytical validation and not to be simply used as a check-

list – It is the responsibility of the applicant to choose the validation procedure

and protocol most suitable for their product [4] – in practice, both industry and

regulatory authorities often resort to adopting a checklist approach. As what is

required to gain high degree of assurance that a specific method will consistently

produce fit for purpose data obviously varies, at least with the type of procedure,

it must be reflected in the analytical validation activities and acceptance crite-

ria. This includes the identification of the performance parameters relevant for

the given procedure, the definition of suitable acceptance criteria, and the appro-

priate design of the validation studies. In order to achieve this, the analyst must

be aware of the fundamental meaning of these performance parameters, as well

as the calculations and tests and their relationship to the specific application. A

lack of knowledge or (perhaps) a wrong understanding of “efficiency” will lead to

validation results that address the real performance of the analytical procedure

only partly or insufficiently. This is, at the very least, a waste of work, because the

results are meaningless. In Chapter 5,method performance characteristics are dis-

cussed, along with appropriate performance parameters, calculations, and tests.

They can be categorized as the “universal” or “primary” characteristics precision

and accuracy, which are directly related to the ATP, and method-specific or “sec-

ondary” characteristics, such as specificity, linearity, detection and quantitation

limit, which are dependent on the respective method and included in accuracy

and precision.

The following chapters reflect the life cycle of the analytical procedure, that is,

• Stage 1: Method Design and Understanding (Chapter 6)

• Stage 2: Method Performance Qualification (Chapter 7)

• Stage 3: Continued Method Performance Verification (Chapter 8).
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Chapter 6 starts with a discussion of the selection of an appropriate method

according to the requirements defined in the ATP, the use of QbD tools in method

development, and the establishment of the control strategy (see Section 6.1), fol-

lowed by two examples of robustness investigations (see Sections 6.2 and 6.3) and

a discussion on system suitability tests as part of the method control strategy (see

Section 6.4).

Having determined a set of operational method controls during the design

phase, the next step is to qualify that the method will operate in its routine

environment as intended. Method qualification involves demonstrating that

the defined method will, under routine operating conditions, produce data that

meet the precision and accuracy requirements defined in the ATP (Section

7.1); this is illustrated by a case study (Section 7.2). As a specific example, the

development of a delivered dose uniformity procedure for a pressurized metered

dose inhaler is presented in Section 7.3. Other examples of qualification activities

are described in Section 7.4, implementation of compendial procedures and

Section 7.5, transfer of analytical procedures.

The goal of continued method performance verification is to continually assure

that the procedure remains in a state of control during routine use. This includes

both routine monitoring of the performance of the procedure (Section 8.2) as

well as ensuring appropriate actions are taken when issues are identified with the

performance or when the procedure is modified or changed as part of continual

improvement (Section 8.4). Of course, closely linked to the evaluation of nor-

mal behavior of method performance is the topic of aberrant or atypical results

(Section 8.3), including treatment and investigation of out-of specification (OOS)

results.
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2

Analytical Instrument Qualification

2.1

Analytical Instrument and System Qualification

Christopher Burgess and R. D. McDowall

2.1.1

Data Quality and Integrity in a GMP Environment

Results generated using analytical procedures provide the basis for key deci-

sions regarding compliance with regulatory, compendial, and manufacturing

limits. A high degree of confidence is needed that the analytical procedure

will generate reportable results that meet requirements under all conditions of

use as the procedure progresses through the life cycle. Application of quality

risk management (QRM) concepts and tools (International Conference on the

Harmonisation, ICH, Q9) can be useful in providing a mechanism for achieving

this. The analytical laboratory may be seen as a manufacturing process con-

verting samples into information. This conversion process may be illustrated

as data to information transformation shown in Figure 2.1. Assuming, sample

relevance, the conversion foundation relies upon data integrity. Data integrity

is predicated upon the assurance that instruments and systems employed as

part of the analytical procedure are in a state of control. A state of control is

established for instruments by calibration and qualification activities and for

software applications, by validation.

The analytical laboratory manufacturing process, developed by us, is illustrated

in Figure 2.2.

2.1.1.1 Criteria for Quality Data

To assure laboratory data integrity, qualified instruments, validated systems, and

procedures are critical factors to control.The purpose of this chapter is to consider

requirements and approaches to achieve a state of control for instruments and sys-

tems to underpin validated analytical procedures, which is the topic of this book.

The foundation for any analytical procedure is that its development and use are

underpinned by four main factors:

Method Validation in Pharmaceutical Analysis: A Guide to Best Practice, Second Edition.
Edited by Joachim Ermer and Phil Nethercote.
© 2015 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2015 by Wiley-VCH Verlag GmbH & Co. KGaA.
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Valid sample information:
Derived from good data using validated
application software with verified
algorithms.

Product knowledge:
Based on scientifically sound
analytical processes

Good data:
Derived from relevant samples using
validated methods developed on qualified
instruments and validated data systems

Figure 2.1 Data to knowledge transformation.

1) The apparatus, instruments, and systems are calibrated/qualified according

to their purpose

2) The reference materials are traceable

3) The reagents used are of a specified quality

4) The analysts are qualified and competent.

2.1.1.2 Regulatory Rationale for Qualified Analytical Instruments

It is essential to ensure that qualified instruments and validated systems are

employed in the regulated environment. The GMPs (good manufacturing prac-

tices) both in the United States and the European Union require demonstrable

control of instruments and systems.

For example, in the United States, 21 Code of Federal Regulations (CFR)§

211.160, the general requirements are

Laboratory controls shall include:

(b) (4) The calibration of instruments, apparatus, gauges, and recording

devices at suitable intervals in accordance with an established written pro-

gram containing specific directions, schedules, limits for accuracy and pre-

cision, and provisions for remedial action in the event accuracy and/or

precision limits are not met.

Instruments, apparatus, gauges, and recording devices not meeting estab-

lished specifications shall not be used.

2.1.2

USP General Chapter<1058>

United States Pharmacopeia (USP) General Chapter <1058> on Analytical

Instrument Qualification (AIQ) became effective in August 2008 [1]. The general

chapter started life as an AAPS meeting output on the qualification (originally


