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PREFACE 

For pharmaceutical manufacturers to achieve commercial production of safe and 
effective medications requires the generation of a vast amount of reliable data 
during the development of each product. To ensure that reliable data are generated 
in compliance with current Good Manufacturing Practices (cGMPs), all analyt­
ical activities involved in the process need to follow Good Analytical Practices 
(GAPs). GAPs can be considered as the culmination of a three-pronged approach 
to data generation and management: method validation, calibrated instrument, and 
training. The requirement for the generation of reliable data is very clearly repre­
sented in the front cover design, where the three strong pillars represent method 
validation, calibrated instrument, and training, respectively. 

This book is designed to cover two of the three pillars of data generation. The 
chapters are written with a unique practical approach to method validation and 
instrument performance verification. Each chapter begins with general require­
ments and is followed by the strategies and steps taken to perform these activities. 
The chapter ends with the author sharing important practical problems and their 
solutions with the reader. I encourage you to share your experience with us, too. 
If you have observations or problem solutions, please do not hesitate to email 
them to me at chung_chow_chan@cvg.ca. With the support of the Calibration & 
Validation Group (CVG) in Canada, I have set up a technical solution-sharing 
page at the Web site www.cvg.ca. The third pillar, training, is best left to indi­
vidual organizations, as it will be individualized according to each organization’s 
strategy and culture. 

The method validation section of this book discusses and provides guidance for 
the validation of common and not-so-common analytical methods that are used to 
support development and for product release. Chapter 1 gives an overview of the 
activities from the discovery of new molecules to the launch of new products in 
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the pharmaceutical industry. It also provides an insight into quality systems that 
need to be built into the fundamental activities of the discovery and development 
processes. Chapters 2 to 5 provide guidance and share practical information for 
validation of common analytical methods (e.g., potency, related substances, and 
dissolution testing). Method validation for pharmaceutical excipients, heavy met­
als, and bioanalysis are discussed in Chapters 6 to 8. 

The instrument performance verification section of the book provides unbiased 
information on the principles involved in verifying the performance of instru­
ments that are used for the generation of reliable data in compliance with cGMPs. 
The reader is given different approaches to the successful verification of instru­
ment performance. The choice of which approach to implement is left to the 
reader based on the needs of the laboratory. Chapters 9 to 15 provide infor­
mation on common analytical instruments used in the development laboratory 
(e.g., HPLC, UV–Vis spectrophotometers, and pH meters). Chapter 13 provides 
a detailed discussion of the LC-MS system, which is fast becoming a standard 
analytical laboratory instrument. Since a great portion of analytical data from the 
drug development process comes from stability studies, Chapter 16 is included 
to provide guidance to ensure proper environmental chamber qualification. 

Computers have become a central part of the analytical laboratory. Therefore, 
we have dedicated the last two chapters to an introduction to this field of computer 
system and software validation. Chapter 17 guides quality assurance managers, 
lab managers, information technology personnel, and users of equipment, hard­
ware, and software through the entire qualification and validation process, from 
writing specifications and vendor qualification to installation and to both initial 
and ongoing operations. Chapter 18 is an in-depth discussion of the approaches 
to validation of Excel spreadsheets, one of the most commonly used computer 
programs for automatic or semiautomatic calculation and visualization of data. 

The authors of this book come from a broad cultural and geographical base of 
pharmaceutical companies, vendors and contract manufacturers and offer a broad 
perspective to the topics. I want to thank all the authors, co-editors, reviewers, 
and the management teams of Eli Lilly & Company, GlaxoSmithKline Canada, 
Inc., Patheon Canada, Inc., Novex Pharma, and Agilent Technologies who have 
contributed to the preparation of this book. In addition, I want to acknowledge 
Herman Lam for the design of the front cover, which clearly depicts the cGMP 
requirements for data generation. 

CHUNG CHOW CHAN, PH.D. 



1 
OVERVIEW OF PHARMACEUTICAL 
PRODUCT DEVELOPMENT AND ITS 
ASSOCIATED QUALITY SYSTEM 

CHUNG CHOW CHAN, PH.D. 

Eli Lilly Canada, Inc. 

ERIC JENSEN, PH.D. 

Eli Lilly & Company, Indianapolis 

1.1 INTRODUCTION 

Pharmaceutical product development consists of a series of logical and system­
atic processes. When successful, the final outcome is a commercially available 
dosage form. However, this process can become a long and complicated pro­
cess if any of the steps lose their focus. The industry has undergone many 
changes over the years to increase focus on efficiency and efficacy of the devel­
opment process. The overall cycle of pharmaceutical product development is 
summarized in Figure 1.1. The clinical study of drug development is the most 
obvious and best known to laypersons and scientists. However, many associated 
behind-the-scene activities are also actively pursued in a parallel and timely man­
ner to ensure the success of pharmaceutical product development. Clinical and 
commercial success cannot be achieved without successful completion of these 
other activities. It is important to note that the clinical phase boxes in Figure 1.1 
may not be aligned exactly chronologically with other development activities. 

Analytical Method Validation and Instrument Performance Verification, Edited by Chung Chow 
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Figure 1.1. Overview of the drug development process. 

Historically, the time period for pharmaceutical drug product development is 
usually on the order of 10 to 15 years. However, with the ever-increasing com­
petition between pharmaceutical companies, it is of utmost important to reduce 
the time utilized to complete the development process. 

1.1.1 Discovery Research 

In the discovery research phase of drug development, new compounds are created 
to meet targeted medical needs, hypotheses for model compounds are proposed, 
and various scientific leads are utilized to create and design new molecules. 
Thousands of molecules of similar structure are synthesized to develop a struc­
ture–activity relationship (SAR) for the model. To reach this stage, large phar­
maceutical companies rely on new technologies, such as combinatorial chemistry 
and high-throughput screening, which are cornerstones in drug discovery. The 
new technologies increase the choice of compounds that can be synthesized and 
screened. Various in vivo and in vitro models are used to determine the value of 
these new candidate compounds. 

The sequencing of the complete human genome was completed in 2000 through 
the Human Genome Project, which was begun in 1995. Knowledge of the complete 
human genome will provide the basis for many possible targets for drug discovery 
through genomics, proteonomics, and bioinformatics. 

1.1.2 Preclinical Phase 

The most promising drug candidates would be worthless if they could not be devel­
oped, marketed, or manufactured. New therapeutic drugs from drug discovery will 
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undergo extensive testing to obtain initial safety and efficacy data in animal models. 
Upon completion of successful animal safety and efficacy evaluation, submission 
to appropriate regulatory bodies is made to gain approval to administer the first 
human dose in the clinical phase I trial. 

1.1.3 Clinical Phases 

The clinical phase I trial is used to assess the safety and, occasionally, the efficacy 
of a compound in a few healthy human volunteers. These studies are designed 
to determine the metabolism and pharmacological action of the drug in humans, 
the side effects associated with increasing doses, and if possible, to gain very 
early information on the drug’s effectiveness. Safety data from these trials will 
help determine the dosage required for the next phase of drug development. The 
total number of subjects in phase I studies is generally in the range 20 to 80. 

Clinical phase II trials are conducted to evaluate the effectiveness of a drug for 
a particular indication or indications in patients with the targeted disease. These 
studies also help to determine the common short-term side effects and risks 
associated with the drug. Phase II studies are typically well controlled, closely 
monitored, and conducted in a relatively small number of patients, usually no 
more than several hundred. 

Active Pharmaceutical Ingredient (API). In this early stage of drug devel­
opment, only a small quantity of drug substance is needed. As development 
progresses into later stages, greater quantities of drug substance are needed and 
will trigger efforts to optimize the synthetic route. 

Formulation Development. The formulation of the new drug product will be 
designed in conjunction with medical and marketing input. Excipients to be used 
will be tested for chemical and physical compatibility with the drug substance. 
The preliminary formulation design will be optimized at this stage. 

Analytical Development of API and Drug Products. Early methods to sup­
port synthetic and formulation developments are often developed in the form of 
potency assay, impurities/related substance assay, dissolution, Karl Fischer, iden­
tity, chiral method, and content uniformity. These analytical methods are devel­
oped and validated in a fast and timely manner to support all phase II studies. 

Common Studies Performed on the API and Drug Product. At this stage of the 
development, it is important to gain preliminary information of the stability of the 
API and drug product. Therefore, open dish (i.e., nonprotected) stability studies 
are carried out to understand the chemical and physical stability of both the 
API and the drug product. Preliminary packaging stability studies are conducted 
to obtain a preliminary assessment of packaging materials that can be used, 
and photostability and thermal studies are conducted to determine the light and 
thermal stability of the API and drug product. 
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Successful efficacy and safety data will guide the decision to proceed to clinical 
phase III in product development. In this stage, the new drug is administered to 
a larger population of patients using blinded clinical studies. These studies may 
demonstrate the potential advantages of the new compound compared with similar 
compounds already marketed. The data collected from this stage are intended 
to evaluate the overall benefit–risk relationship of the drug and to provide an 
adequate basis for labeling. Phase III studies usually include from several hundred 
to several thousand subjects and often include single- or double-blind studies 
designed to eliminate possible bias on the part of both physicians and patients. 
Positive data from this stage will trigger implementation of a global registration 
and commercialization of the drug product. 

Impurities Level in New Drug Product. As the new drug product formulation 
progresses to this late stage of development, impurity profiles may differ from 
those of earlier formulations. The rationale for reporting and control of impurities 
in the new drug product is often decided at this stage as are recommended storage 
conditions for the product. Degradation products and those arising from excipient 
interaction and/or container closure systems will be isolated and identified. The 
impurity profile of the representative commercial process will be compared with 
the drug product used in development, and an investigation will be triggered if 
any difference is observed. Identification of degradation products is required for 
those that are unusually potent and produce toxic effects at low levels. 

Primary and developmental stability studies help development scientists under­
stand the degradation pathways. These studies are developed to get information 
on the stability of the drug product, expected expiry date, and recommended 
storage conditions. All specified degradation products, unspecified degradation 
products, and total degradation products are monitored in these studies. 

Impurities in API. Treatment of the impurities in the API is similar to that for 
the new drug product. Impurities in the API include organic impurities (process 
and drug related), inorganic impurities, and residual solvents. Quality control 
analytical procedures are developed and validated to ensure appropriate detection 
and quantitation of the impurities. Specification limits for impurities are set based 
on data from stability studies and chemical development studies. A rationale for 
the inclusion or exclusion of impurities is set at this stage. The limits set should 
not be above the safety level or below the limit of the manufacturing process 
and analytical capability. 

API Development. The synthetic route will be finalized and a formal primary 
stability study will be undertaken to assess the stability of the API. 

Formulation Development. The formulation is finalized based on the experience 
gained in the manufacture of clinical phase I and II trial materials. Scale-up of the 
manufacturing process will be completed to qualify the manufacturing capability 
of the facility. The primary stability study is initiated to assess the stability of 
the drug product. 
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1.1.4 Regulatory Submission 

Successful completion of clinical phase III trial is a prerequisite for the final phase 
of drug development. The complete set of clinical, chemical, and analytical data 
is documented and submitted for approval by regulatory agencies worldwide. 
Simultaneous activities are initiated to prepare to market the product once reg­
ulatory approval is received. As clinical phase III is still being conducted on a 
limited number of patients, postmarketing studies (phase IV) are often required 
by regulatory agencies to ensure that clinical data will still be valid. At this 
point, the company will initiate information and education programs for physi­
cians, specialists, other health care providers, and patients as to the indications 
of the new drug. 

1.2 QUALITY SYSTEM FOR THE ANALYTICAL DEVELOPMENT 
LABORATORY 

As global regulatory requirements have become more similar as the result of 
deliberate harmonization, analytical methods for global products must be able 
to meet global regulatory requirements. Ideally, a method developed and vali­
dated in the United States should not need to be revalidated or require patchwork 
validation for use in Japan or Europe. The achievement of this objective is the 
responsibility of senior management and requires participation and commitment 
by personnel in many different functions at all levels within the establishment 
and by its suppliers. To achieve this objective reliably, there must be a com­
prehensively designed and correctly implemented system of quality standards 
incorporating GMPs. It should be fully documented and effectively monitored. 
All parts of the quality systems should be adequately resourced with qualified 
personnel and suitable premises, equipment, and facilities. It is our intent in the 
second part of this chapter to give an overview of the extent and application of 
analytical quality systems to different stages of the drug development process. 

1.2.1 Consideration for Quality Systems in Development 

An important consideration in the development of quality systems in development 
is to ask the question: What business does development support? Develop­
ment does not mean exclusively working to develop formulation or analytical 
methods; many activities are directly involved in support of clinical material 
production. Laboratory leadership has the responsibility to consider carefully the 
customers and functions of an analytical development department. As part of 
this consideration, several key questions are useful in defining the business and 
quality standards: 

How does the larger organization view development? ž 

How close to discovery is development? ž 

How close to manufacturing is development? ž 
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Where are there major overlaps in activities and support? ž 

What is the desirable quality culture for this organization? ž 

Who are the primary customers of development’s outputs? ž 

When a new molecule enters the development phase, in most cases only the 
basic information of the new chemical entity is known (e.g., molecular structure 
and polymorphic and salt forms). However, we do not know what will happen 
when it is formulated and stored at ordinary environmental conditions. In other 
words, there is a high degree of variability around what is “known” about the 
molecule and its behavior in a variety of systems. The basic task for development 
is to reduce this high variability by conducting a series of controlled experiments 
to make this information known and thus predictable. In fact, by the time a 
molecule reaches the significant milestone of launch into commercial activities, 
most of the behavior and characteristics of the molecule need to be known, 
predictable, and in control. 

There are multiple paths to achieving the state when a product and a pro­
cess are “in control.” A pictorial representation of this concept is shown in 
Figure 1.2. Simpler molecules may achieve a state of control (predictable state) 
early in the development process, while more complex molecules may retain a 
high state of “variability” until late in the process. The goal for development 
must be a development path that is documented and performed by qualified 
scientists, equipment, facilities, instruments, etc. Development paths that can 
be followed are varied, but the final outcome, when a project is transferred to 
manufacturing, is a product and a process that are in a well-characterized state 
of control. 

1.2.2 GMPs Applied to Development 

The original intent of the Good Manufacturing Practices (GMPs) was to describe 
standards and activities designed to ensure the strength, identity, safety, purity, 
and quality of pharmaceutical products introduced into commerce. Application 
of GMPs to development activities has evolved to the state where application of 

Manufacturing systems • 
Launch 

Figure 1.2. Variability during the development process. 


