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Preface

As a multidisciplinary domain of science, biomedicine encompasses a wide spectrum of
science from investigation to diagnosis and treatment of diseases. From the biomedicine
point of view, different stages of a biomedical product development should be scientifi-
cally designed and performed. Actually, this broad domain monitors the whole processes
of product development precisely from bench to bedside. Thanks to related international
standards and frameworks, various concerns and obstacles have been diminished in the
field of preclinical and clinical study design and also ethical considerations. Nowadays,
experiments are designed and conducted according to GLP, GMP, and GCP standards.
GLP has a pivotal role in preclinical studies, GMP principles have become critical
requirements in manufacturing biomedical product for clinical uses, and, finally, clinical
trials are performed based on unified GCP standards. Ultimately, the manufacturing of
safe and efficient biomedical products can be achieved by adhering to current GxP stan-
dards and guidelines.

“Biomedical Products Development” is the title of an educational and practical course
that has been established in Cell Therapy and Regenerative Medicine Research Center,
affiliated to Endocrinology and Metabolism Molecular-Cellular Sciences Institute, Teh-
ran University of Medical Sciences. In accordance with the mentioned course, this vol-
ume with the similar title has been published to elucidate our experiences in the field.

We would like to acknowledge Dr. Kursad Turksen, Consulting Editor of Learning Mate-
rials in Biosciences, for his kind support. Also, we would like to thank Amrei Strehl,
Senior Editor of Biochemistry and Cell Biology, and Sivachandran Ravanan, Project
Coordinator (Books) at Springer Nature, for their continuous efforts to get the volume to
the print stage.

Babak Arjmand
Tehran, Iran

Moloud Payab
Tehran, Iran

Parisa Goodarzi
Tehran, Iran
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B. Arjmand et al.

» A man will be imprisoned in a room with a door that’s unlocked and opens inwards; as
long as it does not occur to him to pull rather than push it. — Ludwig Wittgenstein

When the fundamental structures of science were created, an important stage in research
began to rise. The concept behind this stage was remembering to think critically. This his-
tory got separated into three parts: (1) the early phase based on ritual and magic, (2) the
rational phase based on the creative imagination, and (3) the modern phase based on
experimental designs and laboratory investigations. In this context, the Chinese began to
study their traditional medicine in the first century BC. They wrote “the yellow emperor’s
book of medicine,” the traditional Chinese medicine book. This was a good initiation to
research biology and medical sciences [1].

After a few centuries, the path of science with all its ups and downs has made many
changes in the process of studies and the tests that take place today. Following identifying
various microorganisms and their pathogenicity, the need to deal with them was felt.

Thus, a more accurate diagnosis before treatment was needed for developing varies
diagnostic and therapeutic approaches, and finally, antibiotics were born. Further, the
development of basic sciences and the connections between its different branches lead to
a greater expansion of knowledge boundaries. The emersion of interdisciplinary science
today is attributed to these developments through different periods of time.

As one of the main branches of science, biomedical one includes a set of applied sci-
ences that integrates technology and various elements of knowledge. It contains funda-
mental fields such as anatomy, physiology, biology, biochemistry, biophysics, immunology,
mathematics, statistics, bioinformatics, etc. Biomedical sciences first got defined by the
UK Quality Assurance Society [2]. This approach includes scientific disciplines focusing
on biology, public health, and human diseases. It can also get more specialized in topics
such as pharmacology, human physiology, and human nutrition [2].

On the other hand, biomedical sciences encompass a wide range of research and sci-
entific activities that have significant economic and scientific impacts over the hospitals
and laboratory sciences. In summary, the vital role of biomedical science and its products
in the development of infrastructure and economics in research centers, institutes, and
companies has been depicted clearly over the years.

Today, many companies including pharmaceutical corporations are competing for
hundreds of awards across the globe. In order to ensure that users are receiving the highest
quality products, quality management system (QMS) which is one of the most important
goals of each company or institute must be established to help with achieving quality aims
[3]. Fortunately, the research in the biomedical area has been greatly developed in recent
years. Thus, it has led to having higher quality biomedical products. To achieve and main-
tain this situation, several standards, rules, and policies have emerged in order to promise
the uppermost quality.

This book tries to describe the life cycle of biomedical products from the idea to the
application. For instance, some of the most important issues about the essential of QMS
and its requirements in biomedical sciences are discussed with the design of the instru-
ments in this field (e.g., the importance of cleanrooms in biomedical products).

Further, it talks about the design of experimental studies, performance, and monitor-
ing of clinical trials, standards, and frameworks in the field and the principles of good
laboratory practice (GLP), good clinical practice (GCP), and good manufacturing prac-
tice (GMP).
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According to the GLP principles, experimental studies as the fundamental stage
should be assured for quality and integrity. For this purpose, it is important to design and
conduct standard preclinical studies. Furthermore, a set of regulations and principles of
GMP are required to ensure the quality of manufactured products. Additionally, clinical
research is a pivotal step in the approval process of developing a biomedical product. Since
clinical trials are involved with human subjects, it will be raised several ethical concerns
and considerations from design to audit and approve the study and its results. Accordingly,
GCP principles provide unified standards to simplify clinical data acceptance by relevant
authorities.

Regardless of the reader having professional experience in biomedical sciences and
related areas to developing standard research, this book will be a valuable asset to every-
one and will cover all steps of manufacturing a biomedical product. Also, it will broaden
the reader’s horizon and their understanding in the field to address the importance of
biomedical principles in product development from bench to bedside.
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Basic Essentials and Applications of Quality Management System (QMS)...

2.1 What You Will Learn in This Chapter

The importance of quality management system (QMS) in biomedical sciences
The implementation of the international quality standards for laboratories

The importance of implementing safety management programs

The importance of trained and qualified personnel

The implementation of quality control processes and quality assurance

The importance of monitoring, analyzing, and managing of the QMS

The necessity of continuous improvement

The necessity of establishing a program to address user requirements and satisfaction
The functions and requirements of the organizational process, management, and
structure

The necessity of the documentation including keeping records and documents
The challenges in QMS and applying new techniques in the near future

2.2 Rationale and Importance

Although the essentials of the quality management system (QMS) were introduced in the
1920s, its implementation in the laboratory was started in the 1940s. Quality in the labora-
tory means to have a traceable and accurate test results. Accordingly, any level of inaccu-
racy should be avoided. On the other hand, in the field of biomedical product
manufacturing, achieving a safe and efficient product needs implementing all of the
aspects of the quality in the manufacturing process [1, 2].

Depending on the type of project, in all fields including diagnostic laboratory manage-
ment, biomedical product management, scientific research, and clinical trials, the imple-
mentation of guidelines on good laboratory practice (GLP), good manufacturing practice
(GMP), and good clinical practice (GCP) should be considered for achieving acceptable
standards in the quality management process (B Fig. 2.1) [3, 4]. GLP refers to the set of
methods which regulates the processes and activities in the laboratory to ensure the reli-
ability and safety of laboratory data [5]. On the other hand, GMP is the set of regulations
that monitor the manufacturing processes to improve the quality, purity, and safety of
products [6]. Finally, promoting the safety, reliability, and integrity of data reporting and
methodology associated with clinical trials is implemented by GCP [7].

2.3 A Snapshot of the Quality Management System

The structure of the QMS is made of some essentials that should work together and be
managed properly. QMS can control and direct an organization in accordance with quality
features. In this organization, personnel are responsible for achieving the highest quality
and continuous improvement in every organizational position [8, 9].
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O Fig.2.1 Commitment to GLP,
GMP, and GCP in biomedical
projects can improve the quality
of data and products as the final
conclusion of QMS implementa-
tion

Quality management
system

g

Continuous
improvement

2.3.1 The Definition of the Quality Management System

QMS is a set of procedures, activities, resources, policies, documented information, and
organized processes that help organizations to meet quality improvement, consistency,
and good customer services. QMS regulates, coordinates, and directs the activities of the
organization in order to meet regulatory and user needs, to improve its efficiency and
effectiveness continuously [8, 9].

2.3.2 Quality Management System Principles in Biomedical
Sciences

The aim of QMS implementation in biomedical sciences is to improve bioproduct charac-
teristics, productivity, efficiency, public awareness, working atmosphere, continuous
improvement, as well as lowering costs. In summary, commitment to the QMS principles
can improve organizational performance. Some of the major principles of QMS are as
follows [9, 10]:

== User focus

Leadership

People involvement

Process approach

System approach to management
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Continuous improvement
Factual decision-making
Mutually beneficial supplier relationships

2.4 An Introduction to International Organization
for Standardization

In 1946, a meeting has been held between the International Federation of the National
Standardizing Associations (ISA) and the United Nations Standards Coordinating
Committee (UNSCC) about setting the International Organization for Standardization
(ISO) to make worldwide series of international standards. These standards are known as
ISO standards [11]. Then, in 1947, different countries decided to establish ISOs as non-
governmental organizations and set commercial and industrial standards to improve
quality features of products and services and also to provide appropriate solutions for
global challenges [9, 11]. In summary, ISO is a nongovernmental organization that devel-
ops a series of international standards and works with different institutes in around 150
countries [11].

2.5 International Quality Standards for Laboratories

Assessing performances according to quality standards has a crucial role in implementing
QMS. Standards should be applied to meet the regulatory requirements and user needs for
enhancing the safety, consistency, and also monitoring of laboratory performances [11].
Therefore, a group of standards has been published to ensure that the production of bio-
medical products is fit for their goals. Accordingly, ISOs have some different series based
on their aims and scopes [12]:

ISO 9000:2015 focuses on QMS fundamentals and vocabulary and also provides a

guidance for different kinds of organizations to promote quality management and

productivity as well as address user requirements [12].

ISO 9001:2015 specifies QMS requirements as well as providing the standards for

achieving user satisfaction [12, 13].

ISO 15189:2012 defines requirements of competency and quality in medical labora-

tories [14].

ISO 17025:2017 focuses on the general requirements of calibration laboratories and

competence of testing [15].

ISO 13485:2016 identifies the QMS requirements to provide medical devices [11].

ISO 14644:2019 focuses on cleanroom classification and associated controlled

environments [16].

2.6 Implementing of Safety Management Programs

Safety management programs as one of the essential parts of the QMS contain safety of
personnel, facilities, equipment, and manufactured biomedical products. Safety equip-
ment and facilities are used for achieving quality and safety of products, personnel, and
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patients and also for preventing the chemical and biological hazards [9]. In this context,
relevant policies and standard procedures must be established. Accordingly, personnel
should be aware of the potential hazards and be trained for applying safety practices [2].
Additionally, laboratory safety program can optimize and improve health status of the
patients and also working atmosphere [2]. On the other hand, the reputation of the insti-
tutes will be improved, and the income will be increased using QMS. Finally, QMS can
help the organization to reduce its undue costs and negative effects [17].

2.7 Personnel Training Program

Personnel has a crucial role in every organization. Trained, qualified, and responsible per-
sonnel help organizations to achieve their goals such as high quality of biomedical prod-
ucts and services. As a result, health status of the patients will be improved [18]. Therefore,
the accurate data and high-quality services depend on the competent personnel who have
the ability to perform different tasks and procedures properly. Accordingly, training pro-
cess should focus on personnel skills knowledge and behavior [18]. First of all, compe-
tency assessment such as evaluating education of all employees and also their knowledge
and problem-solving skills must be assessed before starting training programs. In addi-
tion, it is necessary to write a policy for competency assessment. Further, all the personnel
should know about the policy of the organization. Finally, all the procedures in the orga-
nizations should be documented [19].

2.8 Quality Control Processes

Quality control processes use monitoring to ensure the accuracy and reliability of process
and include the quality control (QC) and sample management process [20].
Quality Control
QC is one of the main components of the process control. It can monitor, examine,
and detect failures that may occur throughout the processes [20].
Sample Management Process
Accuracy and reliability of quality data and test results depend on the suitable
management of samples. Subsequently, the quality of the results has a significant
effect on clinical decisions, patient care, and good treatment [9]. Therefore, written
protocols for sample management are necessary considering some important points
such as [2] the following:
Sample collection
Sample preservation
Sample labeling
Sample storage and retention
Sample transport
Sample disposal
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2.9 Quality Assurance

Quality assurance (QA) is a set of systematically structured plans and activities to ensure
the quality of products and services. Implementing QA can reduce problems and defects
in manufactured products and laboratory results [21]. Personnel should be aware of all the
QA procedures and be committed to all relevant requirements and standards [9].

2.10 Monitoring Based on the Quality Management System

Monitoring, analyzing, and managing are pivotal in evaluating quality of an organization
based on QMS features [2]. Further, monitoring in QMS should be performed in accor-
dance with established standards such as ISOs. Therefore, each process should be moni-
tored using some appropriate methods to increase its effectiveness [9].

2.11 Continuous Improvement

Since continuous improvement is critical in QMS, monitoring and evaluating the effec-
tiveness and performances of all activities in organizations step by step are necessary for
detecting weaknesses and errors and correcting them [11]. Continuous improvement
mainly focuses on improving and increasing activities to fulfill quality requirements.
Accordingly, all the processes should be better continuously [9].

2.11.1 Implementing Tools for Process Improvement

There are a lot of practical techniques that are used in process improvement to evaluate,
control, and detect the problems and defects in the processes, using external and internal
audits [22].

2.11.1.1 External and Internal Audit

According to ISOs that focus on assessment requirements, the organization performance
is evaluated. Therefore, suitable and practical tools should be applied as audits. Audits
have a regulated program which detects and evaluates problems throughout the whole
organization using two approaches [23]: (1) internal audit and (2) external audit. Internal
audit is a type of assessment conducted by organization with a group of personnel. External
audit is conducted by groups and agencies from outside the organization for getting
accreditation, approval, licensure, and certification [9, 11].

2.12 Good Customer Services

The main goal of the QMS is to meet the user requirements. Institutes should be aware of
the user needs and try to meet them by focusing on the ISO series to improve the quality
of products and achieve the satisfaction of the users (e.g., patients, communities, physi-
cians, and public health agencies). It is essential to establish a program to address user
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requirements and satisfaction [24]. In accordance with, all personnel should be commit-
ted to the system, using proper monitoring tools to collect necessary information.
Therefore, they need to be trained for using these tools properly and also using technolo-
gies such as computer and Internet to document and save time [25].

2.13 Organizational Requirements and Functions of the Quality
Management System

Organization includes management and organizational structure. Management should
direct the organization by a visible support to show the importance of personnel efforts
[26]. Its policies should be written according to the mission and factual-based decision-
making. Moreover, the design of the organizational structure should meet all the quality
requirements and be clearly defined. It is also important to ensure that all functions in the
organization are performed properly in accordance with quality features [19].

2.14 Documentation

Documentation is a tool used for writing information about procedures, processes, and
policies. Perfect documentation system needs clear, accurate, feasible, and practical docu-
ments and manuals which can be used by personnel easily [11]. By keeping records and
documents, the information whenever is necessary will be available. Defining processes
should be recorded to prove that they are being followed. Documentation has a pivotal
role in objective evidences which can support personnel via manufacturing, design, and
development of biomedical product to meet the requirements [9]. All the laboratories and
manufacturing facilities should have clear standard operating procedures (SOPs) which
are a type of document and instruction that should be followed by personnel. It is impor-
tant to change and update the documents regularly [27]. Accordingly, policy is a type of
fundamental document that includes main objectives which are defined in organizations
and approved by the management system. It is necessary that each organization writes
their specific policies according to national policies [19].

2.15 Challenges and Future Perspectives

Establishing a perfect QMS in an organization has some serious limitations. For instance,
trained, expert, and committed personnel, implementing proper and up-to-date data pro-
tocols, easy access to suitable information, doing everything at the first time, avoiding
time and budget waste, etc., are considerable challenges (B Table 2.1) [28, 29].

Some new techniques have been developed to improve institutes and organizations
according to QMS specifications continuously. Accordingly, using such new methods and
tools will not be negligible in the near future. In this context, lean process [30, 31] and Six
Sigma [32, 33] are the most commonly used tools. Both of them are used for optimizing
all activities of the organization to save time and money and also to improve organiza-
tional performances by controlling, analyzing, and measuring as well as to reduce the
mistakes and problems in the processes [30, 32, 33].



Basic Essentials and Applications of Quality Management System (QMS)...

B Table 2.1 Some important challenges of the QMS implementation and possible solutions

Challenges Solutions
Not enough satisfying users Focusing on the user requirements
Too much unnecessary documentation Implementing useful documentation

management procedures

Too much focus on theory which is not Focusing on practical theories and putting

practical them into practice

Wasting too much time and resources on Using details which are based on your

unnecessary details activities

Too inflexible program Implementing changes that improve the
process

Not enough support and communication Defining leadership and personnel responsibil-
ity clearly

Take-Home Messages

QMS is a set of procedures, activities, resources, and organized processes to
achieve quality specifications and fulfill user requirements.

Implementing guidelines on GLP, GMP, and GCP in institutes can increase quality
of data and products in accordance with relevant standards.

ISO series intends to promote the quality, efficiency, and safety of biomedical
products and technologies for users.

Safety management programs can improve the safety of manufactured products,
personnel, and patients.

Training program can develop the skills, knowledge, and behaviors of the
personnel.

Quality control processes can control activities and monitoring processes to
ensure continuous improvement.

Continuous improvement is a permanent objective of an organization.

Internal and external audits are the important tools of continuous improvement.
The organizational requirements include proper management and also clear
organizational structure to meet all the quality requirements.

Institutes and organizations should be aware of the user needs and try to meet
them by focusing on the ISOs.

Documentation is a set of documents that includes writing procedures, policies,
and processes which record all the necessary information and should be clear
and easily accessible.

Establishing a perfect QMS includes some challenges.
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Principles of Good Laboratory Practice (GLP)

3.1 What You Will Learn in This Chapter

The importance of understanding necessary information about good laboratory
practice (GLP) as well as implementing relevant standard methods

The importance of maintaining biosafety in the laboratory and applying correct
assessment of the potential risks in laboratory

The necessity of providing safety of individuals, environment, and chemicals in
nonclinical laboratories

The necessity of conducting GLP guidelines under carefully controlled situations and
also traceable, reproducible, and reliable data set

The importance of implementing standardized and validated procedures to support
human clinical trials

The necessity of setting GLP guidelines by different regulatory agencies to consider
organizational structure, documentation (record keeping), quality assurance, person-
nel training practices, responsibilities, good microbiological techniques (GMT),
safety equipment, standard operating procedures (SOPs), records, and sample
retention

3.2 Rationale and Importance

In 1972, there were some cases of poor laboratory practice in the United States. Therefore,
the FDA decided to do some in-depth researches of 40 toxicology laboratories and increase
the number of laws for chemical and pharmaceutical products [1]. They discovered a lot
of fraudulent activities and poor laboratory practices such as uncalibrated equipment,
wrong measurements, inaccurate data, and inadequate test systems. Accordingly, by set-
ting GLP guidelines, final data can demonstrate a true reflection of results gained during
the study [2]. One of the important goals of GLP is promoting safety, quality, consistency,
and reliability of products, data, and services in the process of laboratory testing, to
improve human health and environmental risk management. Moreover, it is important to
know how scientists use quality setting to improve biological products and data. Finally,
research authorities should prove that there are no changes in the quality of data [1, 3].

3.3 Good Laboratory Practice (GLP)

3.3.1 An Overview of General Rules

GLP is a set of techniques that provide safety of personnel, laboratory, and environment
and also pave the way for better laboratory practices by eliminating poor practices. Safety
assessment based on GLP guidelines is a key step before starting clinical trials [4].
Therefore, GLP guidelines have conducted to guarantee biosafety in laboratories [5, 6].
Accordingly, this chapter will describe biosafety aspects of GLP focusing on risk manage-
ment approaches that should consider risk groups [7]. In accordance with risk groups,
each country should design a national classification of microorganisms based on their
possibility of increasing harm in humans, animals, and environments according to the
following issues [6]:
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Pathogenicity of the microorganism

Transmission modes and host range of the organism

Access to effective prevention plans which usually include prophylaxis by immuniza-
tion, antisera administration, and sanitary measures

Access to effective treatment measures including antimicrobials, antivirals, and
chemotherapeutic agents, passive immunization, and post-exposure vaccination [6, 8]

There are four risk groups based on the classification of World Health Organization
(WHO). Infectious microorganisms are categorized in risk groups based on their relative
risks. Risk group 1 includes organisms which do not cause disease in humans or animals,
risk group 2 pathogens cause diseases such as infections in humans or animals, risk group
3 agents cause serious diseases, and finally risk group 4 organisms cause lethal diseases in
humans [9]. The classification of risk groups is used for laboratory work only. In contrast
to risk groups, biosafety levels prescribe practices, facility requirements, engineering con-
trols, and personal protective equipment (PPE) for working with infectious microorgan-
isms. Similar to risk groups, there are four biosafety levels which are level 1, 2, 3, and 4
(8 Table 3.1) [4, 6].

O Table 3.1
equipment [4, 6, 7]

The association between biosafety levels, laboratory types, arrangements, and

Risk Biosafety  Laboratory Classification of Training Treatment
groups level type infectious requirements proce-
microorganisms and equipment dures
1 Biosafety Basic Microorganisms do Pass health test -
level 1 laboratory 1 not cause disease in  steps, GMT"
humans or animals
2 Biosafety Basic Microorganisms GMT, protective Disease is
level 2 laboratory 2 cause disease such clothing, prevent-
as infections in biohazard sign able
humans or animals
3 Biosafety Containment  High concentration As level 2 plus Treat-
level 3 laboratory of group 2 special clothing, ments
microorganisms and  controlled access, and
cause serious directional vaccines
diseases airflow
4 Biosafety Maximum Microorganisms As level 3 plus No
level 4 containment  cause deadly airlock entry, treat-
laboratory disease in humans, shower exit, ments or
and they can special waste vaccines
transfer from one disposal

GMT* good microbiological techniques

person to another
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3.3.2 Good Laboratory Practice Training

Trained and well-organized personnel play a key role in the successful performance of
procedures in a laboratory. On the other hand, it is necessary to have systems that assess
persistent competency and trained personnel to convince suitable responsibility and com-
munication during study conduct. Therefore, all personnel should receive direct and accu-
rate training information to complete and perform their tasks [10]. After initial staft
training, qualification assessments should be performed and recorded for all components
of the training and practical responsibilities. As a result, the clinical education program
should meet all the personnel needs and be documented and available to all laboratory
staff [10, 11].

3.4 Biosafety Concepts in the Laboratory

Laboratory biosafety refers to protective measures, containment principles, and relevant
technologies to prevent accidental exposure to pathogens and toxins. The association
between four biosafety levels and infectious microorganisms based on their potential risks
are demonstrated in @ Fig. 3.1. Effective implementation of biosafety in a laboratory is the
base of laboratory biosecurity [7]. Accordingly, laboratory biosecurity refers to personal
and organizational security measures that prevent misuse, loss, diversion, or deliberate
release of pathogens and toxins [12]. On the other hand, risk assessment is an essential
part of a biosafety program, which collects information about the type of available organ-
isms, their physical location, and also identification of staff who are responsible for the

High risk

microorganisms

Ebola virus, Marburg
virus

Mycobacterium
tuberculosis,
mammalian cell lines

BSL level 4

BSL level 3

BSL level 2

Staphylococcus
aureus, Herpes virus

Nonpathogenic strains
of Escherichia coli,
Lactobacillus

BSL level 1

Low risk
microorganisms

O Fig. 3.1 Biosafety levels (BSL). Microorganisms classified by four risk groups and accordingly
biosafety levels are divided into four classes. Biosafety level 1 refers to low-risk microorganisms such as
Nonpathogenic strains of Escherichia coli and Lactobacillus, while biosafety level 4 refers to high-risk
microorganisms such as Ebola and Marburg viruses. Additionally, biosafety levels 2 and 3 are located
between 1 and 4 [7, 9]
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maintenance of organisms [13]. Moreover, professional and ethical competency of all
employees faced with dangerous pathogens that are permanently accessed to sensitive
materials has a central role in laboratory biosafety programs. As a result, assessing compe-
tency of employees, training specific security issues, and complying accurate protection
approach against pathogens are rational tools for promoting biosecurity in the laborato-
ries [12]. Therefore, it is necessary to determine the biosafety level, type of microorgan-
isms, available facilities, arrangements, skills, and procedures for performing a safe
performance in laboratories [4, 14].

3.5 Good Microbiological Techniques

The aim of good microbiological techniques (GMT) is improving public health and also
lifestyle. Each laboratory must take safety measures to eliminate or reduce potential haz-
ards. GMT plays a pivotal role in laboratory safety and is based on the prevention of con-
tamination [15].

Because of improper collecting, transferring, and handling of samples in laboratory,
humans will be prone to risk of infections [16]. To prevent contamination in laboratories,
some procedures should be considered as follows:

Transferring of Infectious Substances: Transportation of infectious substances and

materials should be done in accordance with national and international standards

and rules. These rules describe how to properly use packaging materials and other
transportation requirements to reduce potential damages and possible infections. For
example, using a triple packaging system is essential for transporting potentially

infectious substances [17].

Specimen Receipt: A particular room for receiving a large number of specimens

should be considered [18].

Opening Packages: For opening packages, a disinfectant must be available and opened

in biological safety cabinets (BSCs) [18].

Avoiding Ingestion of Infectious Agents and Contact with Skin and Eyes: Personnel

should wear disposable gloves during microbiological manipulations and avoid

touching mouth and eyes; moreover, they should not eat and drink in the laboratory

[16].

Disinfection and Sterilization: Basic knowledge of disinfection and sterilization is

essential for laboratory safety. As highly contaminated materials cannot be disin-

fected or sterilized quickly, it is important to know the principles of initial cleansing
as disinfecting. In this regard, general rules apply to all known pathogens.

Accordingly, specific conditions should be used to eliminate contamination depend-

ing on the type of testing, nature, and source of contaminations. As a result, preclear-

ing materials are essential to provide suitable disinfection and sterilization. Some

types of chemical germicides are used as disinfectant (8 Table 3.2) [7, 17].

Waste Disposal: Contaminated materials should be removed from laboratory daily.

Moreover, most instruments, laboratory clothes, and glassware should be reused or

recycled. It is important that all infectious materials are decontaminated, incinerated,

and autoclaved [19].
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B Table 3.2 Some examples of chemical germicides and their functions [7, 17]

Examples of chemical germicides

Chlorine (sodium hypochlorite) (NaOCl)

Sodium dichloroisocyanurate (NaDCC)

Chloramines

Chlorine dioxide (ClO,)

Formaldehyde (HCHO)

Glutaraldehyde (OHC(CH,),CHO)

Phenolic compounds

Quaternary ammonium compounds

Ethanol (ethyl alcohol, C, H, OH) and 2-propanol
(isopropyl alcohol, (CH,), CHOH)

Function

Fast-acting oxidant, bleaching

Eliminating blood or other biohazardous
liquids

Disinfecting water supplies

Disinfecting, strong and fast-acting
germicide, and oxidizer

Eliminating microorganisms and spores

Eliminating Lipid- and nonlipid-containing
viruses, fungi, bacteria, and spores

Eliminating vegetative bacteria and
lipid-containing viruses, mycobacteria

Eliminating vegetative bacteria and
lipid-containing viruses

Eliminating fungi, vegetative bacteria, and
lipid-containing viruses but not spores

lodine and iodophors Preoperative skin antiseptic and surgical

scrub

Hydrogen peroxide (H, O,) and peracids Disinfecting heat-sensitive medical devices

3.6 Laboratory Equipment

3.6.1 General Equipment

General laboratory equipment mainly include pipettes, centrifuges, freezers, incubators,
hot plates, coolers, stirrers, water baths, bunsen burners, scales, fume hoods, and also
microscopes [18, 20].

3.6.2 Safety Equipment

As aerosols are critical sources of contamination, their dispersion should be reduced.
Harmful aerosols can be released by the most of laboratory activities such as mixing,
blending, sonicating, grinding, shaking, and centrifuging [21]. Therefore, to achieve con-
tamination control and personnel and product safety, it is seriously recommended that all
procedures be performed in BSCs [22]. As a result, not only implementing safety equip-
ment in laboratory is important but also laboratory operator should be trained to ensure
safety of equipment regularly. Moreover, it is necessary to implement a system for moni-
toring equipment calibration [21].
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3.6.2.1

els (B Table 3.3) [7, 22].

Biological Safety Cabinets (BSCs)

BSCs are designed to protect personnel, laboratory environments, and materials against
contamination by pathogens. BSCs are classified into three groups based on biosafety lev-

3.6.2.2 Pipetting Aids, Homogenizers, Sonicators, and Specimen

Containers

Pipettes and pipetting aids [7]:
Pipetting by mouth is prohibited. Therefore, personnel must always use a pipetting

aid.

All pipettes should have cotton caps to reduce contamination.

B Table 3.3 The classification of biological safety cabinets [7]

Types of Biosafety
biological safety  level
cabinets

Class | 1,23
Class |l 1,2,3
Type Al

Type A2

Type B1

Type B2

Class Il 1,2,3,4

Airflow instructions

Protective cabinet
0% circulated
100% exhausted
HEPA™ filter

Hard duct

Vertical laminar flow
Recirculating air cabinet
HEPA filter

70% circulated

30% exhausted

Exhaust to room or thimble
connection

70% circulated

30% exhausted

Exhaust to room or thimble
connection

30% circulated
70% exhausted
Hard duct

0% circulated
100% exhausted
Hard duct

Enclosed glove box with two
HEPA filters

0% circulated

100% exhausted

Hard duct

HEPA* high-efficiency particulate air

Protective function

Staff, environment, risk
groups 1 and 2 microorgan-
isms

As class | plus products,
chemicals and risk groups 3
and 4 microorganisms

As class Il and lll with
complete isolation
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Never blow air into a fluid containing infectious agents, and do not mix infectious

agents by blowing and suction.

Liquids should not be removed by force from the pipette [18, 20].
Homogenizers and sonicators can reduce small pathogens from liquids and should be
used in BSCs or be covered with shields during working [7].
Specimen containers should be made by high resistance glass, metal, or plastic and
should not leak when the cap is in place. No material should remain on the outer
surface of the container. It is better to label the dishes properly before filling for easy
identification and avoiding hazards [7, 18]. Moreover, specimen containers should be
placed on secondary containers such as boxes and racks to prevent their spillage and
leakage. Secondary metal or plastic containers should be autoclavable [18].

3.6.2.3 Personal Protective Equipment and Clothing

PPE are important to reduce high risks of contact with aerosols, accidental inoculations,
and splashes. Some of the PPEs include the following [23, 24]:
Laboratory coats and gowns: Laboratory coats protect personnel from workplace
hazards such as chemical splashes, chemicals spills, or biological materials such as
blood and tissue specimens. Therefore, long-sleeved and fully buttoned coats are
better choices. On the other hand, personnel should not wear laboratory coats and
gowns when they are outside the laboratory [23, 24].
Gloves: Latex, vinyl, or nitrile gloves are used to protect against infectious agents,
blood, and body fluids [23].
Face protection devices: Eyes and face protection devices including safety spectacles,
safety goggles, face shield, face respirators, and masks protect personnel from hazards
that may cause serious injury on the face and eye. Safety goggles and face shield are
the best choices to protect staft from chemical splashes, while safety spectacles are
not suitable. Moreover, masks with filters are used for protecting against gases, toxic
vapors, aerosols, and microorganisms [24].

3.7 Safety Against Fire, Electrocution, and Chemicals

Personnel in microbiological laboratories are exposed to hazardous chemicals as well as
pathogenic microorganisms [25]. Therefore, they should be aware of the toxic effects of
chemicals, exposure pathways, and potential hazards. Personnel may be exposed to dan-
gerous chemicals through skin contact, needle sticks, ingestion, and inhalation [25]. On
the other hand, personnel may face a variety of hazards such as fire, electricity, radiation,
and noise. A summary of these hazards and relevant preventive actions is presented in
O Table 3.4 [26].

3.8 Biosafety Instruction

Risk assessment process is the basis of biosafety [7]. Risk assessment steps should be car-
ried out by individuals who are well trained and those with the good knowledge of organ-
isms, tools, methods, animal models, and equipment [13]. Accordingly, laboratory
director or researcher is responsible for providing risk assessment equipment and facilities
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O Table 3.4 A summary of laboratory hazards, undesirable effects, and ways to prevent them

[25, 26]

Types of
laboratory
hazards

Toxic
chemicals

Explosive
chemicals

Chemical
spills

Compressed

and
liquefied
gases

Undesirable effects

Seriously damaged in

the respiratory system,

blood, lungs, kidneys,
liver, gastrointestinal
system, other organs,
and tissue. Carcino-
genic or teratogenic
and skin damage

Fire, skin damage

Fire, seriously
damaged in the
respiratory system,
lungs

Fire, skin damage

Protective measures

Attention to chemical
incompatibilities

Attention to chemical
incompatibilities

Protective clothing such as
heavy-duty rubber gloves,
overshoes or rubber boots,
respirators, chemical spill
kits, scoops and dustpans,
forceps (for picking up
broken glass), mops, cloths
and paper towels, buckets,
soda ash sodium bicarbonate
(NaHCO,) for neutralizing
corrosive chemicals and
acids, sand to cover alkali
spills, nonflammable
detergent

Compressed gas cylinders and
liquefied gas containers:
securely fixed, transported
with their caps in place and
supported on trolleys, stored
in bulk in an appropriate
facility at some distance from
the laboratory. The area
locked and appropriately
identified. Should not be
placed near radiators, open
flames other heat sources,
sparking electrical equip-
ment, or in direct sunlight
Small and single-use gas
cylinders: Must not be
incinerated

Examples

Alkali metals such as
cesium, sodium,
potassium, and
lithium with carbon
dioxide, chlorinated
hydrocarbons, and
water

Azides with copper
or lead, ethers that
have aged and dried
to crystals, perchloric
acid, picric acid, and
picrates

Spilled materials and
flammable spilled
materials

Compressed gas
cylinders, liquefied
gas containers, and
small and single-use
gas cylinders
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O Table 3.4
Types of

laboratory
hazards

Fire hazards

Electrical
hazards

Noise

Radiation

(continued)

Undesirable effects

Fire, skin damage

Fire, electric shock

Hearing problems

Somatic effects:
leukemia, bone, lung,
and skin cancers, minor
skin damage, hair loss,
blood deficiencies,
gastrointestinal
damage, and cataract
formation

Hereditary effects:
chromosome damage
or gene mutation,
impaired fertility,
menstrual changes in
women, congenital
malformations, mental
impairment, and
radiation-induced
cancers

Protective measures

Close cooperation between
local fire prevention officers
and safety officers, training of
laboratory staff in fire
prevention, immediate
action in case of fire, and
using fire-fighting equip-
ment

Installation of circuit breakers
and earth-fault-interrupters
in appropriate laboratory
electrical circuits

Engineering controls such as
enclosures or barriers
between noisy areas and
other work areas or around
noisy equipment considering
hearing conservation and
medical monitoring
programs

Minimizing the time of
radiation exposure,
maximizing the distance
from the radiation source,
shielding the radiation
source, substituting the use
of radionuclides with
nonradiometric techniques

27

Examples

Electrical circuit
overloading, poor
and perished
insulation on cables,
open flames, deterio-
rated gas tubing,
flammable or
explosive materials,
incompatible
chemicals, and
sparking equipment

eEectrical installa-
tions including
earthing or
grounding systems

Certain laser systems

lonizing radiation
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in collaboration with safety and staff who are responsible for laboratory biosafety. Risk
assessment measures should be reviewed regularly and revised as necessary. Revisions will
be provided using scientific literatures and other relevant information sources [16].

3.8.1 Assessment of Microbiological Hazards

To identify microbiological hazards, microbiological risk assessment must be performed
according to hazard identification, exposure assessment, hazard characterization, and risk
characterization [27].
Hazard identification: Hazard identification identifies chemical, biological, and
physical agents which can cause an adverse effect on health which is related to the
presence of a pathogen in food [27].
Exposure assessment: Exposure assessment provides a qualitative or quantitative
estimation of the intake of a microbiological hazard in a specific food or a range of
foods [27].
Hazard characterization: The main point in hazard characterization is the association
between the amount of exposure to a chemical, biological, or physical agent and the
adverse impact on health [13, 27].
Risk characterization: Risk characterization is a combination of hazard identification,
exposure assessment, and hazard characterization [27].

3.8.2 The Importance of Proper Documentation

Documentation plays a critical role in the quality system of laboratory which relies on the
recording of vital information. Documents should be stored in laboratory and must be
available to all laboratory staff. Policies and programs should be followed by biosafety
officers. Therefore, every aspect of a new device or a new drug should be recorded, exam-
ined, revised, updated, submitted, and archived. In addition, the competency of all staff
should be assessed, monitored, and recorded based on qualification and training pro-
grams and in relation with the responsibilities [28].

3.8.3 Standard Operating Procedures (SOPs)

SOP is a document which develops based on GLP program. Therefore, SOP content
should comply with GLP rules [16]. According to the information obtained from risk
assessment processes, biosafety levels, and testing facilities, SOPs are developed to provide
the highest level of quality and safety during work [29].

3.8.4 Guidelines for Basic Laboratories: Biosafety Levels 1 and 2

WHO has recognized that biosafety in laboratory is one of the most important interna-
tional issues. In 1983, WHO published the first edition of the laboratory biosafety manual.
Then, codes of practice for safe exposure to microorganisms were developed, and coun-
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tries were encouraged to enforce these regulations. Since 1983, many countries have
applied specific recommendations to develop their codes of practice. Guidelines for basic
laboratories (biosafety levels 1 and 2) can be generalized to implement in laboratories with
any biological level (» Boxes 3.1 and 3.2) [7]. Also, guidelines for containment laborato-
ries (biosafety level 3) and the maximum containment laboratories (biosafety level 4) are
developed on the basis of guidelines for basic laboratories [30].

Box 3.1 Code of Practice for Basic Laboratories (Biosafety Levels 1 and 2)

= Only staff should enter the laboratory.

== |t is necessary to install an international biohazard warning sign on the doors of the rooms
with the risk of group 2 microorganisms or higher ones.

== |aboratory doors should always be closed.

== There should be special permission for staff to enter animal laboratory. On the other hand,
any animal-specific projects are allowed to be entered.

Box 3.2 Guidelines for Design and Establishment of Basic Laboratories (Biosafety

Levels 1 and 2)

1. Laboratory should have adequate light and avoid any reflection of stunning light and bright-
ness.

2. Accumulation and congestion of laboratory equipment, outbreak of insects and rodents,
formation of dust (particles), and working with high volume or high concentration of microor-
ganisms should be reduced.

3. Laboratory should provide sufficient work area in a safe condition. Cleaning and maintenance
should be done.

4. Floors, ceilings, and walls should be completely smooth, easy to clean, impervious to liquids
and resistant to chemicals and disinfectants. Floors should not be slippery.

5. Some facilities outside the workplace should be provided to keep personal clothing, as well as
eating and drinking.

6. Bench surfaces must be impervious to heat, resistant to water, disinfectants, acids, bases, and
solvents.

7. In biosafety level 2, autoclave gas sterilizer and other related equipment should be accessible.

3.8.5 Guidelines for Containment Laboratories: Biosafety Level 3

Containment laboratories — biosafety level 3 — are designed to use for procedures involved
in group 3 microorganisms or group 2 with a high concentration [7]. This type of labora-
tories requires more restricted guidelines and rules than basic ones (» Box 3.3 [9] and Box
3.4 [31]).

Box 3.3 Code of Practice for Containment Laboratories: Biosafety Level 3

= Laboratory protective clothing should cover the entire body, and the head and shoe
covering should be considered.

= The biological risk sign should be installed on the main entrance door including informa-

tion about safety requirements for entering into the laboratory, the biosafety level, and also

the name of the laboratory supervisor.

Working with infectious agents should be done in BSCs or other containment devices.

It is necessary to use respiratory protective equipment.
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Box 3.4 Guidelines for Design and Establishment of Containment Laboratories:

Biosafety Level 3

Some additional and necessary equipment should be added to basic laboratories to provide a

containment laboratory condition:

= A ventilation system should be installed in building. Therefore, air flow from the contain-
ment laboratory cannot be recirculated to other spaces within the facilities.

= High-efficiency particulate air (HEPA): Air should be recirculated and reconditioned with
HEPA filters within the containment laboratory. Depending on the type of agents, air should
be discharged via HEPA filters. When exhaust air is discharged to the outside of the
building, it should be dispersed away from air intakes and occupied building.

== Heating ventilation and air conditioning (HVAC): HVAC systems should be installed in
containment laboratory to prevent sustained positive pressure. Also, specific alarms should
be installed to alert personnel to HVAC system failure.

3.8.6 Guidelines for Maximum Containment Laboratories:
Biosafety Level 4

Maximum containment laboratories are designed as a workplace which is involved with
group 4 microorganisms. Controlling of these laboratories should be supervised by
national health authorities [32] (» Boxes 3.5 and 3.6 [7, 32]).

Box 3.5 Code of Practice for Maximum Containment Laboratories: Biosafety Level 4

= Two personnel should work in maximum containment laboratory (two-person rule).
Accordingly, no one should work alone.

= |t is required to change clothing and shoes completely before entering and upon exiting
the laboratory.

== Personnel should be trained in case of emergency such as injury and illnesses and relevant
disasters.

== |n maximum containment laboratories, a method of communication between personnel
should be established and also support personnel outside the laboratory for normal and
emergency conditions.

Box 3.6 Guidelines for Design and Establishment of Maximum Containment
Laboratories: Biosafety Level 4

Some additional and necessary equipment should be added to containment laboratories to
provide maximum containment laboratory condition including primary containment, controlled
access, controlled air system, disinfection of effluents, sterilization of waste and materials, airlock
entry ports, containment drain, and emergency power.

3.8.7 Guidelines on Laboratory Animal Facilities

Personnel who use animals for laboratory practices and diagnostic purposes should be
morally committed to take care of them and avoid any unnecessary harm. Accordingly,
adequate food and water, as well as a hygienic and comfortable place, should be provided
for animals. For security reasons, animal house should be a unit completely independent
of the laboratory. If connected to the laboratory, it should be completely separated from
the public parts of the laboratory with perfect disinfectant procedures [33]. Animal labo-
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B Table 3.5 Containment levels for laboratory animal facilities, methods, and safety equipment [7]

Risk 1 2 3 4
group
Contain- ABSL™1 ABSL2 ABSL3 ABSL4
ment
levels
Labora- Limited ABSL1 methods+ ABSL2 ABSL3 methods+
tory access, hazard warning methods+ extremely limited access,
safety gloves, and signs, biological controlled changing clothes before
equip- protective cabinet Class | or Il, access, arrival, biological cabinet
ment clothing disinfection of biological class lll or positive
waste and shelves cabinet, and pressure suits, shower on
before washing special exit
protective
clothing
Cage Do not Autoclave cages Autoclave Autoclave wastes prior
process-  need before washing, wastes prior removing from the area
ing autoclave changing cages in removing from
methods BSC" the area

ABSL" animal facility biosafety level, BSC biological safety cabinets

ratory equipment can be designated based on a risk assessment protocol, risk group
microorganisms, and biosafety levels 1, 2, 3, and 4. A summary of methods and safety
equipment used according to animal facility biosafety level (ABSL) can be seen in
B Table 3.5 [7].

3.8.8 Guidelines for Laboratory Commissioning

The aim of the laboratory commissioning is defining a regular process of monitoring and
also collection and verification of documents to ensure that all of the structural compo-
nents of a GLP-based laboratory are installed, inspected, tested, and approved correctly in
accordance with the international or national standards. On the other hand, laboratories
are dynamic and complex environments that can be adapted to healthcare needs [28]. All
biomedical laboratories should be certified to ensure that they are on the correct way
focusing on the following considerations [7]:

Engineering controls are carried out properly and consistently as they are designed.

Administrative controls are in accordance with the established protocols and are

performed in a suitable site.

PPE is provided based on established criteria to be suitable for the tasks.

Materials and wastes are completely decontaminated. Proper waste management

practices are carried out quickly.

For the general safety of the laboratory, including chemical, electrical, and physical

safety, there are well-defined procedures which are conducted properly.
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Laboratory
premises

Proper
laboratory Personal
biosafety and protection
biosecurity

Safety

checklist Safety against
fire,
chemicals,
and electrical
hazards

Sanitation,
staff
facilities, and
services

Suitable

heating, Laboratory
lighting and safety
ventilation equipment

system

O Fig. 3.2 Safety checklist. Important points which should be considered in the safety checklist of GLP
[7]. To ensure proper establishment, there should be answer to questions about laboratory premises;
staff facilities and services; safety against fire, chemicals, and electrical hazards and also suitable heating,
lighting, and ventilation system; and more importantly laboratory biosafety and biosecurity

3.9 Safety Checklist

A proper safety checklist helps director to assess the safety and security of the laboratory.
Some important points which should be considered in safety checklist of GLP are indi-
cated in @ Fig. 3.2.

3.10 Challenges and Future Perspectives

In recent years, following the advancement in technology and industrialization, biomedi-
cal sciences has being dramatically grown. Therefore, to avoid several challenges, appro-
priate codes of practice and protocols are needed. GLP standards are developed to direct
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laboratories in a right manner. Accordingly, GLP has been popularized throughout the
world. Few people can estimate contemporary challenges about GLP regulatory which is
faced today [34]. The aim of GLP is not only decreasing the adverse events of biological
products but also improving human health and safety of environment [3]. GLP is also a
protocol for nonclinical laboratory researches which can help scientists to perform bio-
medical researches perfectly. There are several challenges such as issues surrounding
record keeping. For example, their reliability and trustworthy especially due to limited
access to electronic systems and internet are serious limitations. To overcome these chal-
lenges, environmental protection agency (EPA) implements standard requirements that
are equipped to receive information electronically for data submission [34]. Other chal-
lenges include very old information which is not in accordance with GLP guidelines, heavy
costs and regulatory burdens, insufficient staff, and inadequate technical training.
Accordingly, there are some procedures that can enhance the quality of the research such
as monitoring GLP compliance through regulatory inspections, optimization, and elec-
tronic records including signatures, electronic system, internet, etc. [35]. The most impor-
tant procedure is optimization [36]. It is predictable that other novel methods based on
using burgeoning technologies including nanotechnology, biocides, computer modeling,
electronic data, and record keeping using the fastest supercomputer with the ability to
perform 1000 trillion calculations per second will be developed in the near future [34, 36].

— Take-Home Messages

== |n 1983, the WHO has developed codes of practice for safe exposure to microor-
ganisms and encouraged countries to enforce these regulations.

= Biosafety is a set of rules that are used to handle the hazards of living organisms
and also isolate them in an enclosed laboratory. The base of biosafety is the risk
assessment process.

= Risk assessment should be carried out by individuals who are well trained and
those with the good knowledge of organisms, tools, methods, animal models,
and equipment.

== GPL is a set of techniques that provide safety and quality in the laboratory and
environment and also safety of personnel.

== GLP can be used as a practical standard to direct nonclinical laboratory
researches.

== Microorganisms are classified into four risk groups based on their possibility of
harm in humans, animals, and environments.

= Laboratory facilities are designed and classified based on biosafety levels 1, 2, 3,
and 4.

== There are some procedures that can enhance the biosafety and quality control of
the laboratories such as using electronic records, internet, optimization, etc.
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4.1 What You Will Learn in This Chapter

Proposing, investigating, and testing new theories lead to a considerable progress in sci-
ence. In this concept, appropriate experimental design has a fundamental importance.
Well-designed experimental studies with considering key points which are appropriately
analyzed and reported could maximize scientific gains. However, there are still some
problems in this process that should be addressed. Accordingly, using adequate methods
based on the aim of experiments, qualifying the laboratory tests, pointing reproducibility
of results, considering statistics for data analysis, reporting data transparently, and con-
ducting pilot studies are fundamental considerations that will be discussed in this chapter.
This chapter begins with a brief definition of experimental studies and different types of
research in biosciences. Consequently, general principles of the experimental study design
and conduct will be reviewed. Thereafter, some limitations and challenges in the field of
experimental studies and also validation and standardization will be described.

4.2 Rationale and Importance

Conducting an experimental study requires considerable time and resources. In order to
balance between costs and benefits and to achieve reliable, valid, and reproducible results,
the study must be designed appropriately and focusing on a standard and scientific method
according to experimental purposes. Laboratory tests should be validated and qualified,
and suitable statistical analysis is needed in a scientific setting. In other words, using inap-
propriate and limited resources may reduce validity, and the power of the study with more
and more consumption leads to resource wasting in addition to ethical problems.
Moreover, a well-designed study is later can be published in a higher impact journal which
is available for a huge number of professionals. As a result, sufficient data should be
reported perfectly. Accordingly, published data can be used for designing and conducting
future investigations. As a conclusion, a proper study design can almost ensure its validity
and usefulness [1-3].

4.3 Experimental Studies in Biosciences

Medical research methods are divided into two major types, including primary and sec-
ondary researches. A secondary research focuses on using the data from previous studies
and includes reviews and meta-analyses. A primary research, on the other hand, is the
actual data gathering through experimental, clinical, and epidemiological surveys.
Animal, cell, biochemical, physiological, and genetic studies are examples of experimental
studies [4]. As it can be inferred from the word “experiment,” these studies are usually
conducted in controlled situations, considering important variables. These controls help
the investigator to measure and estimate quantities and test the probability of different
hypotheses, using methods that seem impossible or very different from the ones used in
rea] life. For example, in an experimental study, estimations and procedures focused on a
sample are named study populations, while most of the target population is not directly
included in the measurements. In accordance with this, the sampling procedure plays an
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important role in experimental studies. Results obtained from them are generalized to the
target population to make more appropriate decisions and conclusions. However, inevi-
table varieties of samples and population cause uncertainties in study results. In other
words, if the whole population had been studied, the results would have been different
totally. Uncertainty is more prominent when the study is conducted on different species.
In animal studies, study population includes humanized animal models to resemble con-
trolled medical conditions relevant to human being. After designing appropriate animal
models, research hypothesis can be tested. For instance, two different therapeutic pro-
cesses can be compared. Each group of animal models is treated with one method, and
after that, disease markers or other proxies showing disease activity are measured and
compared between groups. There is other type of experimental study which is designed to
understand the dose response of various medications [5]. Furthermore, some studies
emphasize on examining enzymes, markers, or genes, evaluating imaging techniques such
as computed tomography (CT) and magnetic resonance imaging (MRI), gene sequencing,
and finding correlations between genotypes and phenotypes. Statistical test development
and modeling are also considered as experimental studies. Overall, different studies are
designed for different purposes in basic research [4-6].

4.4 Principles of Experimental Study Design

As it was discussed previously, each experimental study has its specific goals and objec-
tives and must be designed accordingly. A well-designed study should be able to detect
scientifically, while being simple and bias free. To achieve these goals, key steps in study
design must be followed (B Fig. 4.1).

Experimental

study design
and perform

B Fig. 4.1 Flowchart of experimental study design. There are some principles that need to be
considered in design and performance of experimental research. Each of them has a key impact on the
study design procedure [7-10]
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4.4.1 General Remarks

Regarding the subject of the study, it is obvious that the final goal in every research is to
solve a problem, answer to an important question, or further progress toward goals of
previous studies. As a result, a beneficial study targets important phenomena and is inter-
esting enough for persuading responsible organizations to provide needed resources. A
study may be a part of bigger investigation plans, industrial endeavors, or efforts made to
treat an unresponsive disease as long as it has its own benefits.

4.4.2 Expert Panels

Collaborators and stakeholders have a determinant role in validity of different studies.
Therefore, before starting practical procedures, probable needs for experts in different
fields should be evaluated. As a necessity, members of expert panel are gathered to develop
the study policies and required methodologies [1].

4.4.3 Literature Review

First of all, scientific data must be gathered from different sources such as journals, text-
books, and internet, to form a base of evidences for facilitating study development. A
perfect literature review is necessary for learning about previous studies relevant to the
intended subject. This information is helpful in finding suitable animal models and pre-
vents testing-approved hypothesis. Actually, it helps scientists to avoid reinventing the
wheel.

4.4.4 Problem Statement, Objectives, and Hypotheses

It is important to clarify what the problem is, the possible solution, and how it would be
tested. Significance of the targeted problem should justify the needed costs and efforts.
Experiment objectives are main goals of the whole process that should be developed using
related questions and tests. Hypotheses, possible final results of the tests, are defined in
two main categories. Null hypothesis is correct when there is no difference between exam-
ined groups. In contrast, alternate hypothesis is accepted if a statistically significant differ-
ence is present. Problem statement and hypotheses may change during the investigation,
but are essential for starting a beneficial study. For example, if the study objective is to
determine whether drug A or B is more effective in increasing ejection fraction in mice,
alternate hypothesis states that the mice treated with either drug A or B will have signifi-
cantly higher ejection fractions compared to the other group. Null hypothesis, on the
other hand, says that no significant difference will be observed among experiment groups.
Finally, in creating hypotheses, terms such as “better heart function” lead to untestable
ones that are not defined clearly and should be avoided.
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4.45 Experimental Units

Experimental units are physical entities that can be given randomly determined treatments
in an experiment, and all changes and outcomes are analyzed statistically. As experimental
units can vary significantly among different research fields, general points will be focused
on in this section. Units should be chosen in an evidence-based setting to provide more
clarified conclusions and applicable results to the target population. Moreover, depending
on the objectives, scientists can decide on the diversity of experimental units. Divergent
study groups are usually harder to be investigated but may be more advantageous in some
circumstances. For example, if the results are going to be used for the target population,
this variety should be considered in the sampling process. However, subjects such as exam-
ining an unknown process need homogenous samples. Even in some cases, the same unit
is used several times and receives different treatments during a specific period and is some-
how a control for itself. This is an example of unit changes over time and brings forward the
importance of differentiation between units and observations. The key point that helps
here is the fact that different units must be able to receive different treatments. For instance,
the cage of a group of animals that receive a treatment through their identical diets in the
same cage is considered the experimental unit. In such situations, if differences among
individuals in the same unit are important for the researcher, it must be assumed and stated
that individuals would have been in their current state even in different cages or units.
Opverall, in a series of interrelated studies, a combination of these approaches may come in
handy, and this obviously affects the statistical analysis process [6].

4.4.6 Treatments

Even in a simple study, comparison between two or more treatments is the main goal.
Treatments, T, are compared with each other and with the control group, C. Treatment
and control groups must be précised in every possible feature, to make inferences more
reliable and valid. Different degrees of similarity may be present between control and
treatment groups, depending on the variables that are going to be compared. Examples of
these controls can be placebo, a known treatment, a pharmacologically inactive agent, or
even no treatment at all. Generally, ethical rules have a crucial role in choosing control
groups and also designing study methods.

4.4.7 Measurements

Which parameters are going to be measured? Are they reliable markers for disease activity
or drug effectiveness? These are two fundamental questions which to be answer. Other
than that, errors in measurements aim to control them are critical to the research process.
Generally, in every experiment, some relevant variables must be tested statistically.
Variables are divided into three main categories. (1) Baseline variables show baseline state-
ment of participants. (2) Response variables measure the final response. (3) Intermediate
variables bridge between baseline and response ones. Additionally, intermediate variables
can clarify the process that leads to the response and help scientists detect early stages of
final responses or even serve as proxies for the main response. As it seems obvious, vari-
ables that are going to be used must be specified in accordance with the study purposes.
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4.4.8 Sample Size

In addition to several principles of study design, determining an appropriate sample size
is crucially important. As the sample size increases, the study becomes more difficult to
conduct, but the results are more valid and reliable. Accordingly, costs and validity of the
study should be balanced. For instance, in some cases, using tests with low precision leads
to a large sample size and serious difficulties in performing the study.

4.49 Developing a Scientific Method

Method development is critical for designing an experimental study and includes four
major aspects. (1) The scientific problem statement must be defined. (2) Problem solution
must be found regarding the hypothesis. (3) Possible consequences of hypothesis must be
predicted. (4) Hypothesis must be tested by conducting the research procedures. These
form the method of the investigation.

4.4.10 Pilot Studies

In order to design an experiment for large samples, some basic data such as means or
standard deviations are necessary. This information may be available in a body of litera-
tures. If not, pilot studies will help scientists provide them.

Small experiments are performed, and the results concluded from experiment study
are used for designing main study procedures and calculating sample size. Because of these
considerations, pilot studies should be large enough to achieve reliable information [6].

4.4.11 Conduct the Research, Analyze Data, and Formulate
Conclusions

In this stage, the designed experimental procedure will be conducted and properly ana-
lyzed. Finally, a formulated hypothesis should result to confirm the scientific concept.

In conclusion, a well-designed study is planned, described, and conducted, in a way
that makes it possible to be repeated in other situations. On the other hand, objectives and
hypotheses must be defined precisely, and sample size must be explained carefully.
Unfortunately, in some cases, these steps are not followed correctly and result in serious
problems that make the study process difficult.

4.5 Common Concerns in the Design of an Experimental Study

In spite of all efforts, there are some obstacles in the field of experimental studies. These
include problems in reproducing the studies and results, defective data analysis, errors in
randomization and blinding, and the reporting process. Additionally, feasibility of the
study and costs are the rest of obstacles.
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4.5.1 Feasibility

Before planning for an experimental study, researchers should know whether they are able
to conduct the research or not and make sure that their intended methods produce reli-
able results. Accordingly, pilot studies may not produce exactly the desired result of the
investigation, but provide lots of help in such situations and give researchers valuable
information about the needed time, subjects, and resources. This helps investigators
choose the method with the least needs. However, pilot studies are not always taken seri-
ously, and there is still controversy in their usefulness for every study that is going to be
designed.

4.5.2 Reproducibility of Results

Reportedly, 51-89% of published researches cannot be reproduced in other research sites.
It is a key concern among many research-related organizations all over the world. For
example, in preclinical studies, it has become a part of the reduction principle of the 3Rs
as it may ruin study validity. Ethical problems and time and money wasting are some
consequences of this phenomenon. It is not negligible, all the researches should be
designed in a reproducible setting with special attention to method development, and the
following concerns should be paid attention to.

4.5.3 Vulnerability in Statistical Design

A good statistical design can help the researchers discover more, despite conducting less
experiment. It can also improve study validity through mechanisms such as replication,
randomization, and blinding. Unfortunately, not many researchers use statistics to improve
cost-effectiveness and validity of their research protocols especially in animal studies.

4.5.4 Data Reporting

If a study is meant to be useful, its result should be reported properly. Details such as
sample size calculation techniques, study limitations, randomization process explanation,
inclusion and exclusion criteria, etc. must be mentioned correctly to ease evaluating and
reproducing. Designs based on incomplete reports may even have harmful effects on par-
ticipants. Further, researchers might be willing to report positive results only, and this is
another problem in data reporting.

4.6 Validation of Designed Study

If it has been successful in examining the intended hypothesis, then its results can be reli-
able; therefore, a study is valid. Experimental validity is also related to study generaliz-
ability to a larger population and is explained in two groups: (1) internal validity and (2)
external validity.
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B Fig. 4.2 Internal validity threats. Other than statistical regression, instrumentation, selection and
experimenter bias, and mortality, history, testing, and maturation are eight major factors that can reduce
the study validity and need to be considered [10-12]

4.6.1 Internal Validity

If a study is able to prove or deny a causal relationship between one or more independent
variables and one or more dependent variables confidently, the study is internally valid. In
fact, it should make researchers sure that the results are exact effects of the tested treat-
ments. As a major determinant of research value, validity should be maintained. The fol-
lowing are some threats that should be considered in the internal validity of the study
(8 Fig. 4.2).

4.6.2 External Validity

External validity shows the extent of generalizability conducted study. It actually means
that the study results represent a larger population’s characteristics with reasonable cer-
tainty. Studies may show reasonable significance level in their results, but threats such as
demand characteristics, Hawthorne effects, order (carryover) effects, and treatment inter-
action effects may cause irrelevance between study results and real features of the target
population (8 Fig. 4.3).

It is almost impossible to control all threats to study validity. However, researchers
must try their best. Finally, good randomization, considering as much external factors as
possible, and planning in advance are giant steps to a valid research.

4.7 Challenges and Future Perspectives

Globally, experimental researches are considered as one of the most suitable ways of inves-
tigating different hypotheses. In spite of several benefits, there are some limitations and
challenges in experimental studies. One of them in such investigations is artificial condi-
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O Fig. 4.3 Threats to external validity of research. External validity can be threatened by some factors
that lead to a reduction in the generalizability of the study. Results of ignoring these four classes of
threats can extend to the larger study population [10, 13, 14]

tions that create for study which is totally differed from a real situation, because control
condition of experimental study can be provided by restricting tremendous environmen-
tal effects. Therefore, in order to overcome this limitation, validation of designed study
according to guidelines and ethical standards can be helpful. Additionally, uncontrolled
extraneous variables, human errors, incomplete data reporting, the vulnerability in statis-
tical design, and high costs are considered as other limitations in design and performance
of experimental research. Hence, the selection of a correct type of study and specified
design and precise implementation lead to minimize a lot of challenges.

— Take-Home Messages

== Experimental studies make the foundation of sciences.

= Experimental study is a multidisciplinary type of research that helps to deter-
mine different causation.

== An appropriate study design based on the purpose of experiment causes more

reliable results.

Pilot studies can provide lots of information about the feasibility of the study.

A proper statistical design can improve the validity and cost-effectiveness of the

study.

= The proper data reporting is a significant factor that facilitates the evaluation of
the study and empowers reproducibility features.

== Generalizability of a study is strongly related to the appropriate experimental
validation.
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5.1 What You Will Learn in This Chapter

Clinical research progressions are highly dependent on answering this question that how
different factors such as drugs, chemicals, microorganisms, or hormones affect the human
body? Unfortunately, it is not usually possible to address these questions through per-
forming relevant tests on human population. Hence, developing animal models which
properly mimic the human pathophysiology to generate different human disease situa-
tions is a suitable alternative. However, there are multiple stages for translating basic
researches and moving from bench to bedside. For instance, one of the most crucial stages
in developing safe and effective pharmaceutical or cell-based products is to design an
appropriate preclinical study for demonstrating its safety and efficacy and applicability. In
this regard, providing an appropriate and valid animal model seems to be critical in the
development of novel treatments. Accordingly, this chapter has a special focus on pre-
clinical study principles, essentials, and its translational importance in bioscience. At the
beginning of this chapter, the general definition of preclinical studies and its rationale and
importance will be discussed. Then, some of the essentials that should be concerned in
preclinical studies will be presented, and in the following, an animal model will be defined,
and translational importance of animal modeling will be argued. At the end of this chap-
ter, several validation strategies in the developed model will be addressed according to
relevant guidelines and standards.

5.2 Rationale and Importance

The development of more appropriate basic studies places a great impact on clinical
research findings. In fact, it is a fundamental stage for bridging translational gap on mov-
ing from the basic research to the clinic. Therefore, designing experiments called preclini-
cal studies, which use animal models for not only predicting probable results of
interventions but also evaluating their safety and feasibility, is necessary [1]. Despite fewer
restrictions, dealing with animals requires sufficient knowledge about the field so that
reliable data is produced with the least possible harms and costs [2]. Following animal
studies, the results should be processed for use in clinical studies. However, not all pre-
clinical studies lead to applicable clinical ones. For example, many drug development pro-
cesses stop in clinical application due to unpredicted adverse effects and the lack of
reasonable effectiveness. To minimize these surprises, appropriate animal models are of
critical importance. Moreover, those new discoveries made in clinical trials can be used
for further improvements in animal models. In conclusion, properly designed animal
studies lead to reproducible clinical results that bring improvements in bedside and
benchside medicine [3, 4].

5.3 Preclinical Study Essentials

Other than animal modeling, an important determinant of study validity, many factors
affect outcome of the research. Most of them are related to the practical procedures and
methods for controlling possible threats. In spite of their importance, the following points
are not considered seriously.
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5.3.1 Duration of Treatment

It is critical to pay attention to the time gap between disease induction and treatment ini-
tiation. Real diseases are often diagnosed after establishment when they have led to spe-
cific clinical manifestations. However, animal models are usually treated immediately
after induction in the early stages of the pathologic process. In fact, the tested treatment
serves as a prophylaxis rather than a therapeutic treatment, and this may lead to an over-
estimation of the effect.

5.3.2 Animal Compatibility

Interactions between animal models and other factors in a research must be taken into
account when choosing an animal model. The target drug must be pharmacologically
active in the selected animal, and demographic variables and biologics should have a
proper relation with the intended medical condition and also human physiology. For
instance, some disorders such as Parkinson and Alzheimer’s disease (AD), stroke, osteo-
arthritis, arthritis, and cancers are almost specific to the elderly [5-7]. As a result, it is
better to use older subjects to test those treatments. Moreover, some characteristics are
only present in primates and therefore cannot be tested in other animal models.

5.3.3 Blinding and Measurement Bias

If a possible result is favorable for the researchers, measurements might become affected.
Despite all efforts to control personal preferences, these may change the way different
parameters are measured and reported, especially when there are subjective variables in
the study. Proper blinding of the personnel, responsible for measurements, however, is
able to reduce this bias considerably.

5.3.4 Reproducibility of Results

As it was discussed previously, an animal study, similar to others, should be conducted
and reported in a way that it can be repeated with almost the same results in another site
or with slightly different environmental parameters. Strict standardizations or incomplete
reporting may largely contribute to this problem. Lots of preclinical studies never lead to
considerable clinical applications because of irreproducibility. Accordingly, a large num-
ber of animals are harmed, but the results cannot be used in clinical fields. Some scientists
blame this condition and state that we might be able to get more reproducible results
without increasing the sample size, if we combine the data about almost the same subjects
from at least two different sites and try to conclude from the whole package.

5.3.5 Sample Size

Minimum sample size favorably considers the minimums for conducting a valid experi-
ment. Regarding the 3R principle, introduced by Russel and Burch, animals should be
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used only when there is a real necessity (Replacement), the minimum possible numbers of
animals should be used (Reduction), and, finally, minimum animal suffering should be
considered during the study (Refinement).

5.3.6 Personnel

Personnel involved in the research process and in contact with animals should also meet some
standards, according to regulations on animal ethics and welfare. Moreover, they should be
trained to achieve related expertise. In this regard, even though the project managers may not
provide the training themselves, they should ensure it has been given to the personnel.

5.3.7 Data Reporting

Proper data reporting in animal studies makes it possible to be reproducible. In this
regard, it is important to report both positive and negative results.

While preclinical studies bring clinical improvements, clinical findings can also be
used to direct future preclinical studies. For example, if a new drug, manufactured with
the help of proteomics, translation, and back translation, fails to produce the desired
effect, we can go one step back. Therefore, through preclinical studies, problems can be
found and resolved [8].

5.4 Animal Models

Models are simple representatives of more complex subjects that are also usually more
accessible and easier to deal with. Ethics strictly ban interventions with doubtful conse-
quences on humans and risking human lives. As a result, animal models, in biomedical
research, are often used instead of human beings for evaluating new treatments for differ-
ent diseases or injuries that are present or induced. Animals were first used in ancient
Greece for observations that helped them understand human anatomy and physiology. An
ideal animal model is the one with the least differences and the most similarities with
human characteristics. From single-celled organisms to the most evolved animals, this
similarity increases when the animal is phylogenetically closer to human. However, other
important factors such as sensitivity to the drug, availability, and the disease which is
going to be studied also affect the selection of an appropriate animal model. For example,
motor system and behavioral investigations are usually conducted on monkeys, due to
their behavioral similarity with humans. On the other hand, mice are suitable for cellular
and molecular investigations, and even non-mammalian animals are used when gene
expression is going to be investigated. Three main types of animal models, classified
according to the extent of similarity in causes, symptoms, and treatment options, are (1)
homologous, (2) isomorphic, and (3) predictive models. Homologous animals are the
ones with similar causes, symptoms, and treatment options compared with a specific
human condition. Isomorphic models have the same symptoms and treatments, and pre-
dictive animal models only share treatment characteristics. This kind of model is used
when there is no identified cause for the target disease [9, 10].



53
Preclinical Studies for Development of Biomedical Products

Another classification divides animal models into five groups: (1) induced (experi-
mental) models, (2) spontaneous models, (3) genetically modified models, (4) negative
models, and (5) orphan models. Induced animal models are previously healthy animals
that are manipulated in laboratory settings. The process induces a condition similar to a
known human condition in animal model. Streptozocin-induced diabetes and strokes
caused by surgical interventions are common examples. Spontaneous animal models are
natural products of mutations that occurred in normal situations. Many different types
of spontaneous rodent models are now available after they have been accidentally identi-
fied. These include models for hypertension, arthritis, and diabetes. Genetically, modi-
fied disease models include animals with foreign extra DNA and also animals deprived
of specific genes by genetic engineering methods. Spontaneous and genetically modified
animal models are called transgenic and knockout models, respectively. These models
are best options for examining the effect of genes on disease process and also their role
in susceptibility or resistance to a specific medical condition. Further, some animal mod-
els are resistant to specific diseases. Therefore, evaluating the underlying cause may pro-
vide useful clues to understand the disease pathophysiology. Models used in this type of
animal study are called negative models. Finally, orphan animal models are ones with
conditions that are not properly described in humans [11]. After gathering data about
different types of animal models for a specific disease, a delicate choice can be made
considering the study goals and available resources (B Table 5.1). In the next step, the
selected animal model should be validated according to the criteria provided to evaluate
animal models.

5.5 Translational Importance of Animal Models

As it was discussed, no significant manipulation is allowed in human treatment proce-
dures, unless it is guaranteed with the help of preclinical studies that the procedure is at
least safe for human subjects. In fact, safety is essential even for obtaining informed con-
sent from patients. Despite all these, no preclinical test can be used in clinical studies
without necessary and adaptive modifications, which make it suitable for human physiol-
ogy. However, the goal is to make this gap as small as possible. This is simply the reason
for the use of live animal models instead of in vitro investigations that do not take complex
interactions inside a viable body into action. Animal studies also help us understand the
pathophysiology of human diseases [26, 27]. Another positive feature of animal models is
their ability to reproduce new generations with the least variations and sufficient numbers,
while having different features among different types of them. Different disease types such
as psychiatric, neurodegenerative, and neurodevelopmental ones need various kinds of
animal models. Lesioned, transgenic, knockout, and selective breeding models are more
commonly used according to the disease that is going to be mimicked [28]. Although
animal models are quite helpful in medical research, sometimes their results are not
reproducible in clinical trials. These unexpected happenings also raise economic and
ethical questions. If clinical trial failures are going to be reduced, animal studies should be
properly designed, enough numbers of animal subjects should be used, and interventions
should be delivered with full control [26].
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B Table 5.1

Some examples of the humanized animal models. Several human disease

conditions have been modeled in different animal species. According to specimen characteristics
and the purpose of the study, the appropriate animal model is determined [12-26]

Animal
Species

1 Monkey

2 Marmo-

set
3 Mouse
4 Rat

Human modeled
disease

Parkinson’s disease
(PD), cognitive
impairment, Hunting-
ton’s disease (HD),
(AD), malaria

PD, cognitive
behavioral impairment,
AD, genome editing

PD, hypertrophy,
experimental
autoimmune
encephalomyelitis
(EAE), Type 2 diabetes,
Type 1 diabetes, HD,
AD, retinal disease,
cancer

PD, heart failure,
hypertrophy, EAE, Type
2 diabetes, Type 1
diabetes, cognitive
impairment, AD,
cartilage defects

Advantages

Physioanatomical and
behavioral similarity with
human

Valuable models for the study
of malaria pathogenesis
Suitable for the study of
pregnancy mechanism and
hormones due to similarity
with human

Beneficial for fundamental PD
and tremor studies

Suitable for the study of
auditory cortex

Easily handling because of
small size

A high rate of reproductivity
Common social characteristics
with humans

Useful for studying behavioral
and cognitive disorders

Similar genome to human
(99%)

Available genetic and molecu-
lar data

Easy performance of
large-scale studies because of
small size

Cost-efficient

Available transgenic models
Easy to handle

Possibility of a decrease in
biological variation

Easy to maintenance
Suitable bridge between
in vitro and in vivo studies
Proper for proof of concept
data

Cost-efficient

Easy to maintenance
Availability

Easy to handle

Limitations

Limitation in
widespread use
due to ethical
issues

Difficult accessibility
High cost

Difficult handling

Unsuitable for
positron emission
tomography scans
(PET)

Fail many
cognitive ability
tests

Different
biomechanical
environment with
humans
Inapplicable some
of small scale
defects in human
condition

Different
biomechanical
environment with
humans
Inapplicable some
of small scale
defects in human
condition
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B Table 5.1
Animal
Species

5 Cat

6 Pig

7 Dog

8 Sheep

9 Ferret

(continued)

Human modeled
disease

PD, heart failure,
hypertrophy, AD,
retinal disease, HIV
(human immunodefi-
ciency viruses), AIDS
(acquired immune
deficiency syndrome),
and their counterparts,
cancer

PD, heart failure,
hypertrophy, AD,
cartilage defects

Type 1 diabetes, PD,
heart failure, hypertro-
phy, canine cognitive
dysfunction syndrome
(CCDS), retinal disease,
cancer, van den
Ende-Gupta syndrome
(VDEGS), Raine
syndrome, cartilage
defects

PD, heart failure,
hypertrophy, HD, AD,
cartilage defects,
genetic disease, cystic
fibrosis (CF), respira-
tory diseases

Hypertrophy,
respiratory diseases,
influenza

Advantages

Long life span

Genetic diversity in popula-
tion

Naturally infected with FIV
virus

Suitable for vision studies
Usually affected by heart
disease in lifetime

No ethical concern

Similar physiological
parameters with humans
Similar biochemistry to
human

Similar bone apposition rate
and trabecular thickness to
human

More than 360 common
diseases with human
Spontaneous model for
heritable human diseases
Unique structure of popula-
tion

High similarity with human
genome

Available genealogical and
veterinary data

Suitable model for rare
disorders of human

No ethical concern

Easily available

Low maintenance cost
Large brain size

Similar anatomy to humans
Suitable model for surgical
trials

Similar respiratory system to

humans

Same respiratory viruses as
humans

Similar lungs and airways bare

with human and similar
clinical pathology and
immunity

55

Limitations

Limitation in
widespread use
due to ethical
issues

Expensive
maintenance for
long-term studies
Specialized
habitats

Limitation in
widespread use
due to ethical
issues

Complex ethical
approval process

Difficult to handle

Expensive
maintenance

(continued)
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B Table 5.1 (continued)
Animal Human modeled Advantages Limitations
Species  disease
10 Horse Cartilage defects, Similar large defects with High cost
osteoarthritis, type 2 human Specialized center
diabetes, obesity, Large joint surface Require
uveitis, cancer, Suitable for cartilage defect
respiratory diseases, study and long-term
Equine metabolic follow-ups
syndrome (EMS) Suitable for studying
prediabetes phase for long
time
11 Zebra- PD, cancer, drug Similar physiological and Not mammals
fish discovery, infection structural characteristics with Lack of placenta

and inflammation,
muscle and cardiac
disease, neural
disorders, skeletal
disease, toxicology,
hematological
disorders, gastrointes-
tinal metabolism
disease

human

Orthologous genes and
proteins with human
Suitable for large-scale
random mutagenesis screens
Extensive manipulation of
gene activity

Suitable for drug treatment
investigation

5.6 Validation Strategies of Preclinical Studies in Biomedical
Sciences

An animal model is considered valid if it shares enough similarities with the human
pathophysiologic condition. It is going to represent etiology, pathophysiology, symptom-

atology, and response to therapeutic interventions. Validity is evaluated according to the

criteria as follows:
Face validity: Face validity is achieved when model biology and symptoms are similar
to the actual disease. In spite of the importance of this aspect, insufficient data about
disease pathophysiology makes it difficult to assess face validity.
Predictive validity: Predictive validity is the model’s ability to predict similar clinical
effects from the same tested interventions. As disease mechanisms are not exactly the
same across different species, and drugs designed for humans cannot produce exactly
the same effects in animals, predictive validity is another challenging criterion for
studies to be fulfill.
Target validity: Target of the medications tested in the study should have similar roles
in the animal and human physiology. For example, beta-3 adrenergic receptor is an
important factor in energy metabolism in rodents, while does not have this role in
humans.

The mentioned validation criteria check model validity in different fields and for different
purposes. As a result, it is important to choose an animal model which is more validity in

the fields that are main concerns of the desired study. In other words, animal models
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should be fit for the purpose. On the other hand, each aspect of model validity becomes
more important in a specific condition. For instance, if a drug is going to be used in clini-
cal trials in near future, predictive validity is critical to researchers when studying its
effects. While there is no perfect animal model to be used as a gold standard, some guide-
lines have been developed to help researchers improve the quality of designed animal
models and studies [25, 29]. In the following section, some features of these guidelines will
be discussed.

5.7 Guidelines and Standards for Preclinical Studies

In order to run an animal study, guidelines must be followed for ensuring rational use of
animal models during the study process. Many organizations, at institutional or national
level, evaluate the application of these guidelines and animal welfare requirements in
experimental animal studies. As animal protection groups and public opinions became
concerned about animal well-being while they are being used in studies, these organiza-
tions were established and relevant guidelines were developed [30]. Moreover, ethical
consideration has become important in experimental studies since the nineteenth cen-
tury. The first society dedicated to animal protection was called the Society for the
Preservation of Cruelty to Animals and was founded in England in 1824. After, in 1860,
the wife of a physiologist created the first association for defending laboratory animals.
This was because Claude Bernard, her husband and the father of contemporary experi-
mental physiology, used their daughter’s pet for showing different tests in his classes. The
British Cruelty to Animal Act, the first law for regulation of animal use in investigations,
dates back to 1876 in Great Britain. However, it was not earlier than 1909 that such regula-
tions for ethics in experiments were proposed in North America. Also, during the 1980s,
a movement was formed to completely ban the use of animals in biomedical research in
the United States, Britain, Canada, and Australia and finally led to a declaration on the use
of animals in research by the World Medical Association. Already, the European Directive
2010/063/EU of September 23, 2010 laws control animal researches across Europe, and
studies involving animals must be approved by regulatory bodies [31]. When an animal
study is being planned, the mentioned regulatory guidelines must be paid attention to, as
ethical requirements for starting the practical phase of the study. Other than reducing the
number of animal models used, following these guidelines will also help assess the data
from previous similar studies and provide better test methods accordingly. However,
limitations in regulating animal testing in advanced studies are inevitable and should be
discussed with regulatory bodies. Among the guidelines available, the most important
ones are the 3Rs (Replacement, Reduction, and Refinement). Moreover, the Committee
for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) in
India has added rehabilitation as the 4th R in regulation guidelines. In India, rehabilitation
of the animal models used in a research is controlled as a national policy by CPCSEA. In
fact, rehabilitation guidelines necessitate considering postoperative care of animals as a
part of study process [30] (8 Fig. 5.1).
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1980
A

A A A A

United States,
England France Great Britain ~ North America  Britain, Canada, Europe
Australia
First society First Firstlaw for ~ Regulations Formation ofa The European
dedicated to association regulation of forethicsin movement to Directive
animal for animal use in experiments completely ban 2010/063/EU
protection defending investigations was the use of
laboratory proposed animals in
animals biomedical
research

O Fig. 5.1 A snapshot of guideline development for preclinical study. Since the nineteenth century,
ethics in experimental studies have been drawn consideration especially in animal use and protection
field. It was founded first in England and extended to other countries over time [30, 31]

5.8 Challenges and Future Perspectives

During the last decades, considerable investments have been demonstrated in different
areas including molecular biology and biomarker study. However, few progression in ani-
mal modeling has been accomplished, although there are existing several debates in this
area. Humanized animal models have a fundamental role in developing more predictive
studies which have remarkable importance in the improvement of other science areas.
Hence, animal modeling needs more attention. Consideration of the involving factors
which can influence the quality of animal studies seems to be helpful including more and
more possible quality improvement of animal models with designing more proper studies
according to standard protocols and guidelines. Another improving factor is making cor-
rect decisions through using animal models and, finally, trying to develop advances on
non-animal models for bridging to the clinic. Some of the potential alternatives for animal
models have been introduced by investigators including human-computer models, human
organs on chips, and experimental clinical trials. Human subjects, for example, are used
for drug effect testing in clinical trials without a large-scale animal testing base. After the
number of failures in clinical experiment, clinical protocols will be developed. Accord-
ingly, human models represent special translational importance, but they cannot be a per-
fect replacement for animal models. Ideally, experimental clinical trials could cause
further enhancements in translational studies when it is accompanied to properly design
animal studies [28]. In this regard, an animal study is a fundamental step in biomedical
researches, and improvement in the design and execution of animal experiments has a
particular value.
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— Take-Home Messages

== Animal models provide improvements in biomedicine, bedside, and benchside.

== Developing an appropriate animal model and critical validation of the provided
model lead to minimizing unpredicted adverse effects in clinical trial phases.

== (Clinical trial results can be useful for improvement of preclinical studies and vice
versa.

== Several animal species have been used for modeling different types of human
diseases.

== Animal models can be chosen according to their advantages, limitations, and the
purpose of the study.

== A valid animal model represents similar pathophysiologic conditions with
humans.

== The validity of animal studies can be improved by following relevant guidelines
and standards to achieve more proper study design.
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6.1 What Will You Learn in This Chapter?

In the middle ages, craftsmen were responsible for manufacturing and inspecting their
products, and the quality was considered as their own honor. Industrial revolution altered
the concept of quality drastically. Rise of inspections and separation of quality depart-
ments were the main outcomes of this alteration. On the other hand, statistical methods
were the unprecedented approach to control the products variabilities and quality. In
addition to statistical methods, “quality control” and “quality management” as novel con-
cepts were the other achievements in the late nineteenth century. Actually, quality has
been considered as an organizational idea, and in this organization all participants are
responsible. Nowadays, with regard to ever developing and competitive atmosphere, the
importance of quality policies and objectives is fully recognized, and also quality manage-
ment system has been prominent everywhere from research to business and in every
aspect of life. This chapter discusses the importance of quality and its performance in our
lives and provides a brief description and background of GMP and some basic principles,
guidelines, and modules of GMP.

6.2 Rationale and Importance

Recently, the importance of quality is globally accepted because the developments of each
country depend on the applied standards and managements. Consequently, quality has
become a burning issue for a growing number of countries. Therefore, products and ser-
vices are no longer considered sufficient if they are not accompanied by quality and sup-
ported by adequate quality frameworks and systems [1, 2]. The quality concept is
propounded with special sensitivity and greater attention to safety issues in biomedicine.
The main purpose of good manufacturing practices (GMP) is to decrease the probable
risks that may affect the end products/services. Some of the serious risks in healthcare
systems include unintentional contamination, insufficient or too much active ingredients,
mislabeling, etc., that can lead to ineffective treatment, adverse effects, and even death. In
this regard, due to some reasons such as growing need for qualified human cell and tissue,
increasing risk of contamination, and international harmonization, the quality manage-
ment system (QMS) has found a special position in biomedical science. QMS is a set of all
organizational quality principles applying as a guidance in establishments and quality
assurance/quality control (QA/QC) procedures. QMS is a cumulative activity to produce
and maintain a product or service with desired quality requirements against minimum
costs. Altogether, QC, GMP, and QA as interrelationship concepts are subset of each other
(B Fig. 6.1). QC as the basic level of quality management is a set of procedures for check-
ing or testing to verify and certify the end product/service accordance with the required
quality criteria. QC is a subset of GMP with laboratory-based procedure. GMP as a guid-
ance ensures that the required quality will be continued consistently. QA as the proactive
organized arrangements is wider than QC and GMP. Further, QA is applied to the devel-
oping products/services to ensure that the output will meet the required quality specifica-
tions. In other words, QA as an organization-based process can plan and manage the
required guidelines and standards to ensure quality.
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@ Fig. 6.1 Quality relationship.
QM, QA, GMP, and QC are
interrelated concepts. The main
target of these concepts is to
attain total quality

Quality control

Good manufacturing practices

6.3 Definition

GMP is described as “a part of quality assurance which ensures that products are consis-
tently produced and controlled to the quality standards appropriate to their intended use
and as required by the marketing authorization and products specifications” On the other
hand, “GMP is that part of quality management which ensures that products are consis-
tently produced and controlled to the quality standards appropriate to their intended use
and as required by the marketing authorization, clinical trial authorization or product
specification” is another definition of GMP by the European Union (EU) [3]. GMP has
various definitions all over the world, but all of them have similar principles, and their
ultimate objectives are the same. In other words, GMP as a main objective of health sys-
tems includes a set of regulations, codes, and guidelines that describe the methods, equip-
ment, and facilities required to manufacture and control biomedical products based on
the appropriate standards. It covers variable areas such as pharmaceutical, biological, and
cosmetic products, medical equipment, packaging and labeling, laboratory controls, etc.
Safety, purity, identity, strength, and quality of a product can be ensured through the opti-
mal commitment of GMP [4]. Implementation of GMP strictly depends on a rational
inspection order. However, processes of GMP are strongly involved in leadership, collabo-
ration, and consistency. Testing the quality of each batches of products during the manu-
facturing process instead of testing the entire products together at the same time in the
batch release step is one of the basic tenets of GMP. In other words, the intended quality
cannot be attained only through the final testing and detecting the errors. Hence, control-
ling and designing the quality into process and preventing the errors during the process
will be more efficient and cost-effective [5, 6].

In spite of differences between GMP and cGMP, due to their similar final aims, some-
times they are used instead of each other. The word “current” in the cGMP emphasizes
applying the most current and up-to-date techniques and methods, as well as expectations
are dynamic. Therefore, this leads to making cGMP a more effective and efficient approach.
On the other hand, applying novel technologies in cGMP makes it more reliable in QA
than GMP. Given the fact that novel available technologies are more expensive than the
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B Table 6.1 Comparison between characteristics of GMP: and cGMP::: as two main elements
of quality management systems

Characteristics GMP cGMP
Applied to more than 100 countries + =
Application of novel and current technologies + ++
Cost-effective ++ +
High-quality assurance value + ++
Much broader ++ +

xGood manufacturing practices
x:xCurrent good manufacturing practices

old ones, implementation of cGMP is more expensive than GMP. Additionally, GMP is a
broad concept and covers a wide range of situations and areas of science and business.
However, cGMP is only limited to manufacturing processes. Finally, GMP is applied by
more than 100 countries although only a few number of them adhere to cGMP principles.
Altogether, in healthcare systems, the cGMP is more competent than the GMP in achiev-
ing the best outcomes (B Table 6.1).

6.4 From Nineteenth Century to Now: History of GMP

In the early 1900s, home remedies, ointments, and “miracle elixirs” were applied to treat
any discomforts. In the late nineteenth century, the production of vaccines without any
regulatory controls was begun in a large amount. After in 1901, antitoxin derived from
blood serum of horses was regularly used to treat diphtheria patients. Given the fact that
these antitoxins were prepared locally and there was no uniform control, in St. Louis,
Missouri, 13 children died from tetanus after treatment with the antitoxin from an infected
horse named Jim [7]. In the same year, similar catastrophe happened with contaminated
smallpox vaccine. In reaction to such incidents, the importance of health and high-quality
raw materials was propounded officially for the first time [8]. Until 1902, there was no
regulation to control these medications or vaccines, and the mentioned undesired events
led to enact the “Biologics Control Act of 1902” [5]. It was the first act for controlling the
biological products. Following to a published data about the contaminated meats in
Chicago, the Pure Food and Drug Act in 1906 forbids selling unsanitary meat and fake
labeling for the first time [9, 10]. Further, in 1941, a company’s sulfathiazole tablets were
adulterated with a kind of sedative called phenobarbital. Due to this negligence, 300 people
died or got injured. According to this tragedy, FDA decided to reconsider and alter the QC
and manufacturing requirements basically. Following these alterations, GMP was born in
1941. Then in the 1960s, thousands of children in the Europe were born with severe limb
anomalies because their mothers had used thalidomide as a morning sickness pill. This
phenomenon led to strengthen the FDA’s regulations such as compulsory animal testing
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before human trial and obtaining an inform consent from trial participants. Also, in accor-
dance with the new amendment in addition to the safety, the effectiveness of the final
product must be proved before marketing [5, 11]. The Laboratory of Hygiene of the Marine
Health Service in Washington, D.C., was renamed to the Hygienic Laboratory of the Public
Health and Marine Hospital Service in 1902. Subsequently, in 1948, its name was changed
to “National Institutes of Health” (NIH) which covered a set of institutes related to bio-
medical researches. In 1972, the regulations of biological products were transferred to
FDA. Eventually in 2010, the FDA Center for Biologics Evaluation and Research (CBER)
started to control the safety of biological products as its main responsibility.

6.5 Good Manufacturing Practice Principles

GMP guidance is aimed to ensure that the outcome is safe for human consumption or use.
All established GMP requirements follow a number of basic principles that are similar in
nature. WHO-GMP guidelines have considered all requirements of different GMP texts
and requirements especially in international trade arena in developing countries. The
most compliant principles of GMP include (1) designing and constructing the facilities
and equipment properly and identifying the responsibilities; (2) following written proce-
dures and instructions; (3) documenting work; (4) validating the processes and evaluating
the staff performances; (5) monitoring and regular inspections of facilities and equipment
which prevent the accidents; (6) writing step-by-step operating procedures and instruc-
tions; (7) designing, developing, and demonstrating job competence; (8) protecting
against contamination and promoting of the workplace quality and safety; (9) controlling
the components and product-related processes and ensuring the quality of materials; and
(10) conducting planned and periodic audit checklists that help to recognize the errors
immediately and refine the noncompliant processes. In the road of globalization, more
than 100 countries have accepted and followed the GMP guidelines as general standards,
and they have mandated their manufacturers to make their own guidelines according to
GMP principles. Given this universal acceptance, GMPs have become a principle in
importing and exporting healthcare products/services which can facilitate the product/
service presentation in a similar setting worldwide. Furthermore, an effective GMP can
assist biopharmaceutical companies to get more qualified production, more profit, and
less wastes.

6.6 Good Manufacturing Practice Regulations and Guidelines

GMP covers all aspects of production from raw material testing, premises and equipment,
manufacturing control, personal hygiene of staff, laboratory controls, quality control
department, packaging and labeling, end product testing, sale, records of medical cases,
stability, and sterility of products. Each step in the production should have a precise writ-
ten guidance to explain the procedures of the step in more details. Additionally, a general
system is seriously required to control that the early determined principles are followed
consistently at each step. There are several versions, amendments, and extensions of GMP
guidelines. The WHO?’s version of GMP guidelines is less intransigent than European and
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US ones, and it is easily applied by developing countries. In addition to WHO, consider-
ations to other local and domestic issues are considered by regulators. On the other hand,
harmonization is an important tenet which is necessary for applying the endorsed criteria
and achieved through period conferences. Actually, GMP guidelines are a set of general
principles covering the entire manufacturing and quality control processes. They are not
comprehensive instructions of the process, as each system is responsible to arrange its
detailed programs corresponded to established guidance to perform both business and
regulatory requirements together.

6.7 Challenges and Future Perspective

Primarily, GMPs should be usable and feasible, possess the social acceptability, and
describe the basis of risk adjustments. The best way for achieving these concepts is a
proper measuring of customers’ demands and effective workforce. Collaboration with
agencies is a way to decrease the limitations of implementation of GMP. Subsequently,
GMP regulations are enforced by different authorities all over the world, for example,
FDA in the USA, MHRA in the UK, Therapeutic Goods Administration in Australia,
Ministry of Health in India, and Iran Food and Drug Administration (IFDA) in Iran.
Unfortunately, there are still impressive number of underdeveloped countries that are not
in compliance with GMPs. Additionally, the mentioned and other authorities in other
countries are faced with lack of trained staff. Sometimes staff do not have enough exper-
tise and experiences. Also, generally there is no direct WHO supervision on these agen-
cies and staff. Additionally, there is a prominent cultural misinterpretation of the GMP
guidelines which needs to be overcome by providing national and regional guidelines and
standards focusing on principles of international ones.

Generally, GMP has become an essential element in local and universal marketing.
However, the compliance with GMP has not been commonly adopted in developing soci-
eties. Therefore, the governments are endured to invest heavily for upgrading the related
standards, equipment, facilities, and man powers. From another point of view, these large
investments raise the costs, and coping with this issue has become a troublesome domestic
marketing of developing countries. Also, small size industries with less developed tech-
nologies make the competition with their counterparts difficult. “Market perspective” in
developing countries is another difficulty that the governments are facing. Consequently,
the manufacturers repine that they can profit without GMPs, and GMP execution has not
expected profit for them. After all, strict GMP implementation for these countries makes
an obstacle to develop [12]. One of the important tenets of GMP is to apply the novel
technologies for enhancing its efficiency. Using current and updated data subsequently
has been shown own benefits in the cGMP setting. However, application of novel tech-
nologies has its own limitations such as long-term finance, required facilities, adaptation
of companies and related authorizations with them, etc. In summary, implementation of
GMPs focusing on all their aspects and principles and trying to achieve a globalized set-
ting is a major obstacle worldwide.



67

Principles of Good Manufacturing Practice

— Take-Home Message

= GMP is a set of quality assurance practices which are aimed to guarantee the
safety and good quality of products.

== GMP guidelines are used across 100 countries, for example, Australia, Europe,
China, the Philippines, and Iran, while a few number of the countries are com-
plied with the cGMP guidelines in comparison with GMP.

= GMP is enforced by different authorities all over the world. For example, FDA is
responsible for the enforcement of GMP in the USA.

= There are different versions of GMP, but the WHO's version is the general refer-
ence, and most of the countries develop their own guidelines based on WHO-
GMP following the similar basic principles.

= Every GMP guideline follows the 10 basic principles of WHO version.
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7.1 What You Will Learn in This Chapter?

This chapter is trying to describe:
The fundamental role of cleanroom facility in the manufacturing of biomedical products
The main purposes of the cleanroom design
The definition and features of cleanroom facility based on the international standards
The sources of contamination in cleanroom facility
The practical approaches for contamination control in cleanroom facility
The cleanroom classification
The principles of cleanroom validation and monitoring

7.2 Rationale and Importance

Since the manufacturing process of biomedical products (for clinical applications) requires a
number of safety considerations, their production must be performed based on the princi-
ples of certain standards [1-4]. In this context, the use of clean and non-contaminated spaces
and the application of sterile raw materials and aseptic techniques can play a crucial role. The
cleanroom as a controlled and clean area should be maintained according to some specific
parameters including the temperature, humidity, air pressure, and particles 5, 6]. Accordingly,
the design and installation of a cleanroom facility are very complicated and should be done
by the expert and qualified group (highly experienced designers and also GMP specialists)
[6, 7]. Moreover, cleanrooms have a wide range of applications based on the aim and scope
of each institute [5], and there are different cleanroom classification methods [6, 8]. On the
other hand, to ensure that the working environment and equipment meet the regulatory
requirements, cleanroom validation should be performed [9]. In general, clean and con-
trolled area such as a cleanroom is needed to produce safe and effective biomedical products.

7.3 The Definition of Cleanroom

A cleanroom is defined as a facility that is employed for a particular manufacturing of
products or scientific investigations [1, 5]. In accordance with the definition of the US
Federal Standard 209 (FS 209), a room which has a certain amount of airborne particles is
considered as a cleanroom [10]. On the other hand, ISO (International Organization for
Standardization) 14644-1 standard has introduced a cleanroom as an area in which the
air-suspended particles and the temperature, humidity, and air pressure are controlled.
Additionally, according to ISO 14644-1 standard, the cleanroom should be designed and
used in a manner that the number of suspended particles in the air should not exceed the
maximum predefined level of each class [11].

7.4 Purpose and Strategy of a Cleanroom Design
for Manufacturing of Biomedical Products

The objectives can be evaluated as follows [5, 6, 9, 12]:
Controlling contaminants caused by the production process
Controlling the cross contamination among two or more procedures and products
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Controlling contaminants caused by personnel operations

Optimizing the arrangement and rooms connection to control and manage person-
nel movements

Providing personnel protection

Providing a safe and comfortable working atmosphere

Precise designing and configuration for controlling the material entry and exit
during the production process

Controlling any potential hazards arising from product and procedures

Efficient maintenance and monitoring of the cleanroom

Hence, in order to meet the mentioned purposes, preparing the process flow diagrams,
analyzing the production process, and introducing the specific activities and requirements
for environmental quality should be considered.

7.5 Contamination Sources

The process or activity which leads to soiled, stained, and infected materials or surfaces is
called contamination [13, 14]. Therein, some of the important contamination sources of
cleanroom environment are including people (e.g., skin flakes, cosmetics and perfume,
clothing, and hair), facilities (e.g., walls, floors, ceilings, paint and coatings, and air condi-
tioning debris), fluids (e.g. bacteria, organics, moisture, cleaning chemicals, and deionized
water), equipment and supplies (e.g., wear particles, outgasses, brooms, mops, and dust-
ers), and product generated (e.g., silicon chips, quartz flakes, and aluminum particles).
Control and prevention of contamination entering into the cleanroom is an important
issue that needs to be managed [5, 15].

7.6 Contamination Control

Some of the basic and essential principles of contamination control in the cleanroom are
as follows:

= Proper design of the cleanroom

The cleanroom architecture and design, the connection between different parts, appropri-
ate process flows, and the methods of optimizing performance and reducing power con-
sumption are very important [6, 9, 16]. Herein, the control of temperature, humidity, air
pressure differential and flows between the rooms (to create sustainable conditions for
manufacturing process along with prevention of contamination) and optimizing person-
nel, equipment, materials, waste, and products flows based on the international regula-
tions and efficient operation of the cleanroom should be considered. » Box 7.1 demonstrates
some requirements of the cleanroom internal structure [17-20]. Generally, in addition to
matters related to electrical, mechanical, behavioral, etc., the architectural factors (includ-
ing dimensional and geometric features of the space, access and entrance control, and
materials of structural components) are also important in controlling the contamination
of the cleanroom [1, 15, 21].
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Box 7.1 Some Requirements of the Cleanroom Internal Structure

= Walls, floors, and ceiling should be washable, smoothed, non-porous and without any

cracks and cavities.

Ceiling-wall and wall-floor junction site should be concave.

Ceilings and equipment should have minimum contamination accumulation.

Doors should be easily washable and should not absorb moisture.

Lamps must be covered in a way that can be washed, and their light intensity should allow

for normal operation.

Air pressure of the room with a higher degree of cleanliness should be more positive than others.

To avoid cross contamination and connection between the cleanroom air and the outside

air, airlocks should be used in the path of personnel and material passage.

== To decrease the particle contamination, specific enclosed antechamber named as air
shower (B Fig. 7.1) which employ high-pressure air filters (HEPA or ULPA) can be used in
entrance of cleanrooms.

O Fig. 7.1 Air shower. Air
shower is an enclosed antecham-
ber which is installed in the
entrance of cleanrooms (usually
between change areas and the
cleanroom). It removes particles
from personnel or object
surfaces




73
The Importance of Cleanroom Facility in Manufacturing Biomedical...

= The use of the heating, ventilation, and air conditioning (HVAC) system

One of the most important parts of cleanroom is HVAC system which is considered the
heart of this facility. In general, some factors such as the amount of air-suspended particles
are influenced by air pressure, air flow, air changes per hour, temperature, and humidity
(indoor air quality) are controlled by the HVAC system [22, 23].

m  The use of an appropriate cleanroom suit

Personnel as one of the main sources of contamination must follow some standard rules
to reduce contamination, such as the use of appropriate cleanroom suit. Appropriate
cleanroom suit includes hood, safety glasses, face mask, main garment (coverall dress),
sterile gloves, and boots [1, 5] (8 Fig. 7.2).

= Cleaning and washing the cleanroom

Constantly, cleanroom cleaning and full contamination control should be done using
cost-effective materials during a quick and easy process. In this respect, for all surfaces,
floors, walls, and benches, applying the cleanroom mops with DI water (deionized water)
and appropriate disinfectant is suggested [1, 24].

@ Fig.7.2 Cleanroom suit.
Personnel as one of the main
sources of contamination
must be trained and use the
appropriate cleanroom suit.
Appropriate cleanroom suit
includes hood, safety glasses,
face mask, main garment,
sterile gloves, and boots
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Skin flakes Face mask, sterile
gloves, Air shower

Cleanroom

B Fig. 7.3 Possible cleanroom contaminations and their control. Some of the important contamination
sources of cleanroom are people (e.g., skin flakes,), facilities (e.g., air conditioning debris), fluids (e.g.,
bacteria), equipment and supplies (e.g., dusters), and product generated (e.g., silicon chips) which can be
controlled by some of the basic and essential contamination control principles such as using HVAC
system, positive air pressure, cleanroom cleaning, appropriate cleanroom suit, etc

= Regular cleanroom monitoring and validation
To ensure the correct cleanroom design, installation, and performance, all of the related
procedures should be validated precisely. In accordance with ISO 14644-1, cleanroom vali-
dation is performed through three steps: (1) as built (a complete room with all services
connecting and functioning without any equipment, furnitures, material, or personnel pres-
ent), (2) at rest (all equipment is installed and operated, but no personnel present), and (3)
in operational (all equipment is installed and in operation; personnel are also present and are
working) [1, 25]. On the other hand, viable and non-viable airborne particles, air velocity,
humidity, and temperature should be monitored regularly using settled plates, air sampler
and particle counter, anemometer, and temperature/humidity controller, respectively [26].
Some of the possible cleanroom contaminations and their control are shown in @ Fig.7.3.
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7.7 Cleanroom Classification

Cleanroom classification methods have been developed based on amount and size of
airborne particles per volume of the air [5]. In summary, there are different cleanroom
classifications based on various standards (8 Table 7.1). For instance, FS 209 has clas-
sified cleanrooms into class 100 000 (the dirtiest class), 10 000, 1000, 100, 10, and 1
(the cleanest class). The ISO classification system has introduced the cleanroom classes
as ISO 1 - ISO 9 (in which the cleanest class is ISO 1 and the dirtiest class is ISO 9).
The GMP (good manufacturing practice) guideline has classified cleanrooms into four
different grades (B Fig. 7.4). In this context, there are four types of clean zones (based
on product types and the level of the process that should be protected from contamina-
tion). Accordingly, high-risk activities (such as opening and closing bottles containing
essential sterile materials for the manufacturing processes) should be done in zone
A. Additionally, equipment that provide aseptic environments (e.g., laminar air flow
safety cabinet) are considered as zone A. Zone B is an intermediate space (buffer area)
for preparing aseptic products, materials, and equipment that are intended to enter
grade A. Finally, the procedures with lower risks can be performed in zones C and D
[1, 11].

7.8 Cleanroom Air Flow

Cleanrooms can control concentration of the air particles using HEPA or ULPA filters

through laminar or turbulent airflow. Accordingly, cleanrooms are divided into three

groups [8,27-29] (@ Fig. 7.5):
Cleanrooms with laminar air flow (unidirectional airflow): Laminar airflow has
direction in a constant stream, and cleanrooms with laminar air flow are
including cleanrooms with horizontal (the direction toward is filtered which is
located on walls) and vertical airflow (the direction from the ceiling to the
floor). Further, cleanrooms with laminar air flow have the highest degree of
cleanliness.

2. Cleanrooms without laminar air flow (non-unidirectional airflow): It employs
turbulent airflow systems to control air particles.

3. Cleanrooms with mixed airflow: They have both unidirectional and non-unidirec-
tional airflow.

7.9 Challenges and Future Perspective

The most important cleanroom problems and challenges are related to designing, con-
struction, operation, monitoring, and maintenance. Some of them include insufficient
designing, poor ventilation, and hardworking maintenance and operation. To over-
come these challenges, there are several approaches such as convenient management,
personnel training, and using validated SOPs (standard operating procedures). In
another side, according to new biomedical product manufacturing requirements,
future cleanrooms will focus on profitability and economic efficiency. Herein,
the advances in new technologies will have effective roles in order to meet these
requirements.



S. Alavi-Moghadam et al.

76

000°0zZ€’8
000'Z€8

00Z'€8

0ces

[43:}

€8

€8

€80

€800

wn |2

000'00T's€
000'0TS’E

000'Cs€

00T'S€E

0zse

[433

S€

S'€

S€0

wi 0=

uoleziuebiQ spJepuels [euoleuIdlu| OS] ‘607 PABPURIS |eI9PR4 607 S ‘s9a13deld Bulinidejnuew poob suoiun ueadoini Jwo N3

000'000'201L
000°00Z°0L

000'020°L

000201

000l

ocol

ol

oL

0L

wr €02

000'000°0LE"T
000°000°£€¢

000°00£'€T

000'€ET

00L'€T

0LgC

LEC

L'EC

LET

wi z'0=

000°000°000°L
000000001

000000°01L

000°000°L

000°001L

00001

000l

0oL

oL

wr 0=

cw/sapiied wnwixepy

606l
80SI
LOSI
90SI
SOSI
0S|
€0SlI
0S|

LOSI

sasse| 0S|

Jle wooy
000°001 sse|Dd
00001 sse|d
0001 sse|>
001l sse|d

ol sse|D

L sse|d

60¢ S4

aspein
D9pei

g 9pein

V speid

uonesyisse|d JIWD N3

[L]1 OSI pue ‘60T S4 'dWD N3 UO paseq uonedyisse|d wooiues|d L'/ 3|qel B



77
The Importance of Cleanroom Facility in Manufacturing Biomedical...
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< Air flow direction <|

Class D Class C Class B Class A

The cleanest zone

O Fig. 7.4 Pressure cascade in cleanroom. Class A is considered as a more stringently controlled area
and the cleanest zone with the most positive air pressure. The air flow direction is from class A to class
D. High-risk activities should be done in classes A and B [1]
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@ Fig. 7.5 Different patterns of cleanroom airflow. a laminar horizontal airflow, b laminar vertical
airflow, ¢ non-unidirectional air flow, and d mixed airflow. (1) Airflow entry point. (2) Airflow outlet point
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— Take-Home Messages

== The manufacturing of biomedical products should be performed in a controlled
area.

== (Cleanroom as a controlled area is the proper environment for biomedical prod-
uct manufacturing.

== Contamination control in cleanroom can be achieved by some strategies includ-
ing personnel training, proper designing, validated SOPs, and regular monitoring
and maintenance.

== To ensure cleanroom compliance with the GMP standards, regular monitoring
and validation are required.
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8.1 What You Will Learn in This Chapter

Human stem cell-based therapies present alternative promising approach to various dis-
eases in recent years. One of the important factors in this regard is safety. Challenges of
safety consideration and efficacy of human cell-based products need to be further
addressed. Safety concerns depend on many risk factors including intrinsic, extrinsic, and
associated with clinical characteristics. This chapter explains importance of safety.
Thereafter, several risk factors will be described.

Altogether cellular therapy accounts as a hopeful therapeutic strategy for numerous
diseases, complete investigation has been demonstrated.

8.2 Rationale and Importance

The aim of cellular therapy and regenerative medicine is repairing, restoring, or regenerat-
ing damaged cells and tissues. This field has grown as an effective treatment for acute and
chronic diseases in recent years [1]. Accordingly, one of the most important subjects in
this field is safety [2]. The Food and Drug Administration (FDA) has established appropri-
ate regulatory standards for cell- and tissue-based products. For instance, Code of Federal
Regulation for Food and Drugs (21-CFR) is emphasized on safety [3]. Also, good manu-
facturing practices (GMP) as a component of regulatory structure can provide safety
requirements [4]. Finally, safety is one of the most important necessities of clinical grade
manufacturing stem cell-based products.

8.3 Classification of Risk Factors

8.3.1 Intrinsic Risk Factors

8.3.1.1 Origin of Cells

Stem cells can be derived from allogeneic or autologous tissues. Both of them have differ-
ent sources, for instance, adipose tissue, bone marrow, skin, cord blood, peripheral blood,
etc. Each of the mentioned origins has totally various safety considerations. In accordance
with the above, rejection in allogeneic transplantation is a major risk. Transmission of
diseases from the donor to the recipient is also an important concern. On the other hand,
underlying disease and aging have a notable impact on the number and functionality of
the stem cells in the autologous transplantation. Although autologous cell therapy is intro-
duced as a safe treatment, allogeneic one also is defined as a lower-risk product in the
second degree [4-6].

8.3.2 Characteristics of Cells

8.3.2.1 Differentiation Status

The self-renewal and differentiation status of a stem cell play a pivotal role in the clinical
outcome. Differentiation potential of stem cells is seriously decreased from embryonic
stem cells (ESCs) to adult ones. Further, clinical outcome of dedifferentiation of adult stem
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cells remains unknown, but mesenchymal stem cell (MSC) differentiation into undesired
cell types such as osteocytes and adipocytes is demonstrated in some studies which can
theoretically induce cellular alteration and may be an anticipated consequence [5, 7].

8.3.2.2 Tumorigenicity

Tumorigenicity as a major concern should be evaluated before, during, and after stem cell
therapy. Tumorigenicity is a native trait in ESCs [8]. Undifferentiated ESCs impose a
major risk on cell therapy due to their unregulated cell growth and tumor formation
potential. Accordingly, tumorigenicity assay is a requirement in the manufacturing of
clinical products [9]. Moreover, ethical and legal limitations can be added to several obsta-
cles of ESC application [10].

8.3.2.3 Proliferation Capacity

Proliferation capacity is required for expansion of stem cells. On the other hand, it has
been proven that bone marrow mesenchymal stem cells (BM-MSCs) will be stable geneti-
cally after a period of expansion. Moreover, in some cases, cellular senescence happens at
late subcultures and results in the change of morphology and immunophenotype and also
decrease in proliferation capacity. These changes can induce some undesired risks addi-
tionally [11].

8.3.2.4 Lifespan

Most adult stem cells have a limited cell division and self-renewal capacity. Accumulation
of genetic, nongenetic, and environmental factors resulted in aging process [12, 13].
Although senescence has adverse effects on stem cells, unlimited cell proliferation results
in a prolonged lifespan and malignant transformation. In summary, too long or too short
lifespan has its own risks and concerns. Therefore, scientists should balance their advan-
tages with disadvantages [14].

8.3.3 Extrinsic Risk Factors

The extrinsic risk factors are related to lack of donor history, contamination, tumorigenic
potential (induced transformation; iPS), conservation (e.g., cryopreservatives), storage
and transport conditions (traceability, labelling), and cellular dosage and regimen.

8.3.3.1 Lack of the Donor History

Donor medical history has a fundamental role in formulating donor eligibility and avoid-
ing risks that can be imposed due to the lack of medical information especially in an
allogeneic setting [5, 15]. Records or other information received from clinical sources can
help scientists and clinicians to control communicable disease transmission from the
donors to the recipients. Accordingly, donor eligibility criteria have been developed by
relevant austerities such as FDA focusing on donor screening test for viral diseases [16].

8.3.3.2 Contamination

Contamination can occur in the different steps of manufacturing cell-based products. To
achieve a reasonable safety in cell therapy, a clean and aseptic environment should be
established to avoid any potential contamination. Thereafter, clean room facility has been
used in managing particulates to prevent airborne contamination. On the other hand, raw
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materials (such as cell culture medium) and the stem cell sources can be an origin of
contamination. Therefore, providing a controlled area for retrieving tissue sources is nec-
essary in tissue procurement phases [9, 17]. In this context, it has been seriously recom-
mended that the final product be tested for bacteria, viruses, mycoplasma, endotoxin, etc.
prior to release [18].

8.3.3.3 Processing and Storage of Human Cell-Based Products

In order to achieve suitable outcomes and avoid therapeutic failure, paying attention to
manufacturing procedures of cell products, storage, and preservation seems critical.
According to the manufacturing procedures based on particular therapeutic purpose, cell
products could undergo different risks. Moreover, the proper cryopreservation and stor-
age need a well-designed procedure to diminish any alterations in cell characteristics such
as viability, immunogenicity, and chromosomal aberrations. In other words, cryopre-
served products should be protected against probable contamination during thawing and
administration. Also, packaging and transporting processes must be suitably established
in accordance with relevant standards to prevent contamination. For this purpose, several
approved guidelines have been developed to address all of the cell manufacturing steps to
assess and manage the potential risk factors. In this concept, implementation of GMP
standards can help scientists overcome relevant risk factors from the processing to cryo-
preservation, packaging, and transportation [19].

8.3.3.4 Coding and Traceability

The advancement of healthcare technologies leads to better results in patient lifesaving
and safety. Nowadays, several sharing networks for organs, tissues, and cells have been
established all over the world. Following the global distribution, the pivotal importance of
a coding and traceability system has been emphasized. Accordingly, using a standard cod-
ing system helps scientists with tracing biological products from donor to recipient and
vice versa. In this regard, various directives and guidances have been developed to elimi-
nate different challenges associated with transplantation, such as inherent and rejection
risk [20]. In this setting, International Society of Blood Transfusion (ISBT) 128, a global
protocol based on Code 128 Barcode, has been introduced by the International Council
for Commonality in Blood Banking Automation (ICCBBA) which is a universal standard
for coding and labeling of blood component and its derivatives. ISBT-128 has been also
recommended as an appropriate tool for coding and labeling of cell- and tissue-based
products [21]. Accordingly, labels should consist of different sections such as component
code and description, donation identification number, collection date, storage conditions,
contents or volume, and expiry date and time. In the case of blood components, labels
could have modifier text section to specify additional information. Labels can provide
significant information about a specific product. They should confirm eligible character-
istics of a specific product. Additionally, the World Health Organization (WHO) has two
global consultations that provide information about global circulations of human cell and
tissue products [20]. The first one is about improving the assessment of transplantation
products which can guarantee suitable regulations. The second one elucidates the mini-
mum level of safety and quality which is required for tissue and cell products. From 1991,
the WHO consultations have been updated for addressing more issues in this area [22].
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8.3.3.5 Cellular Dosage and Regimen

Several investigators in the field of stem cell therapy are dealing with a wide range of
conditions associated with different stem cell type variants. With regard to the origin of
cells, the cellular dose is one of the determining factors in a therapeutic outcome.
Accordingly, establishing an appropriate dose for transplantation is critical for cellular
therapy. Especially, it is important to consider the association between cell dosages with
the weight of patients. In addition, dose regimen is another determining factor which can
optimize cell transplantation therapy. It can be determined considering the disease and
patient-related factors [23]. Eventually, regarding the different reports, investigators have
still few consensuses in this area [24].

8.3.3.6 Tumorigenecity

Human-induced pluripotent stem cells (hiPSCs) were first reported in 2006. Due to pre-
vention of tumor formation, proliferation and differentiation characteristics of iPSCs
should be controlled [25]. Additionally, the genomic instability of iPSCs may happen.
Therefore, their use for clinical application can impose serious risks [26]. Generally,
uncontrolled differentiation and incidence of malignant transformation reveal the impor-
tance of safety concerns related to iPSC-derived products in clinical applications [27].

8.3.4 Clinical Characteristics

8.3.4.1 Administration Route

The selection of the appropriate administration route is a crucial step in the development
of new therapies which remain controversial due to the diversity in cell type and different
doses. Especially, in the case of diseases with less recognized mechanisms, determination
of the suitable dosage and administration route will be more challenging. Hereupon,
appropriate preclinical and clinical studies which address the different challenges in this
regard are necessary [28]. In summary, preclinical studies can help researchers with devel-
oping the most suitable rote and dosage according to the study characteristics [28].

8.3.4.2 Immune Response

As a novel field of science, stem cell therapy sheds new light on treatment of different
diseases. However, despite the obvious therapeutic potential of stem cells, their applica-
tion has some risks that need to be balanced with its benefits reasonably. Herein, the
immunogenic potential of stem cells is one of the most common risks which can lead to
rejection phenomenon. It has been proposed that immunologic reactions are more preva-
lent in allogeneic cellular therapy. The immune response occurs due to the nonconformity
of different antigens in donor or recipient due to the diversity of polymorphisms in allo-
geneic cases. In this concept, proper risk assessment and managing potential risks can be
accomplished through conducting preclinical studies and clinical trials [18]. Moreover,
therapeutic use, indication, use of immunosuppressive, and underlying disease are other
factors that impose some additional risks (8 Fig. 8.1).
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O Fig 8.1 Risk factors of cellular therapy. There are several potential risk factors related to cell-based
therapy procedures that can be considered as the source of defects. Allogeneic or autologous origin of
cells, manufacturing, and handling of cell products and extrinsic factors are potential risks that should be
assessed properly [5, 29]

8.4 Challenges and Future Perspectives

Regenerative medicine reveals remarkable progression in different fields especially in cell-
based therapies. Nowadays, approved cellular products for the clinical application have
been dramatically grown and raise several considerations and requirements in the field.
By increasing the need for transportation of cell products across the boundaries, these
requirements will be more visible. Accordingly, all of cell manufacturing processes should
be implemented precisely to ensure safety and efficacy. Cell, tissue, and organ products
need to be identified accurately and linked to relevant tests in the donor. Therefore, estab-
lishing a coding system according to the global standards leads to the applicable trace-
ability procedure which is globalized by various international authorities such as the
WHO. However, despite the development of coding and traceability systems, there are
some inevitable risks. Tumorigenicity and immunogenicity are considered as two most
important risks which can be minimized using an established traceability procedure for
monitoring the origin of calls and materials, cell manufacturing processes, equipment,
genetic manipulation, etc. [5]. Also, in autologous and allogeneic transplantation, follow-
up of each patient is critical [30]. Finally, while the brilliant progress in stem cell therapy
is obvious, implementation of standard systems to achieve more safety and provide high-
quality cell products is necessary [27, 31].
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— Take-Home Messages

== Achieving an acceptable safety level is essential prior to transplantation.

== (Cell processing must be designed to assure safety.

== Cell characteristics, clinical characteristics, extrinsic factors, manufacturing, and

handling should be considered in providing biomedical products especially from

the safety viewpoint.

Tumorigenecity is one of the major concerns in cell therapy.

= The implementation of a proper coding system is essential for tracing biological
products.

== (Cellular dosage and regimen are determining factors in cell transplantation
therapy.

References

1. Zheng MH, Pembrey R, Niutta S, Stewart-Richardson P, Farrugia A. Challenges in the evaluation of

safety and efficacy of human tissue and cell based products. ANZ J Surg. 2006;76(9):843-9.

2. Rayment EA, Williams DJ. Concise review: mind the gap: challenges in characterizing and quanti-
fying cell- and tissue-based therapies for clinical translation. Stem Cells (Dayton, Ohio). 2010;28(5):

996-1004.

3. Halme DG, Kessler DA. FDA regulation of stem-cell-based therapies. N Engl J Med. 2006;355(16):

1730-5.
4. Burger SR. Current regulatory issues in cell and tissue therapy. Cytotherapy. 2003;5(4):289-98.

5. Herberts CA, Kwa MS, Hermsen HP. Risk factors in the development of stem cell therapy. J Trans| Med.

2011;9(1):29.

6. Efimenko AY, Kochegura TN, Akopyan ZA, Parfyonova YV. Autologous stem cell therapy: how aging

and chronic diseases affect stem and progenitor cells. Biores Open Access. 2015;4(1):26-38.

7. Breitbach M, Bostani T, Roell W, Xia Y, Dewald O, Nygren JM, et al. Potential risks of bone marrow cell

transplantation into infarcted hearts. Blood. 2007;110(4):1362-9.

8. Pera MF, Trounson AO. Human embryonic stem cells: prospects for development. Development.

2004;131(22):5515-25.

9. Yasuda S, Sato Y. Tumorigenicity assessment of human cell-processed therapeutic products. Biologi-

cals. 2015;43(5):416-21.

10. Allum N, Allansdottir A, Gaskell G, Hampel J, Jackson J, Moldovan A, et al. Religion and the pub-
lic ethics of stem-cell research: attitudes in Europe, Canada and the United States. PLoS One.

2017;12(4):e0176274.

11. Kundrotas G, Gasperskaja E, Slapsyte G, Gudleviciene Z, Krasko J, Stumbryte A, et al. Identity, prolifera-
tion capacity, genomic stability and novel senescence markers of mesenchymal stem cells isolated

from low volume of human bone marrow. Oncotarget. 2016;7(10):10788.

12. Oh J, Lee YD, Wagers AJ. Stem cell aging: mechanisms, regulators and therapeutic opportunities. Nat

Med. 2014;20(8):870-80.

13. Petersen T, Niklason L. Cellular lifespan and regenerative medicine. Biomaterials. 2007;28(26):

3751-6.

14. Kim HJ, Park J-S. Usage of human mesenchymal stem cells in cell-based therapy: advantages and

disadvantages. Dev Reprod. 2017;21(1):1.

15. Stroncek DF, England L. Protecting the health and safety of cell and tissue donors. ISBT Sci Ser.

2015;10(Suppl 1):108-14.

16. Food and Drug Administration, HHS. Eligibility determination for donors of human cells, tissues, and

cellular and tissue-based products. Final rule. Fed Regist. 2004;69(101):29785.

17. Mizutani M, Samejima H, Terunuma H, Kino-oka M. Experience of contamination during autologous
cell manufacturing in cell processing facility under the Japanese Medical Practitioners Act and the

Medical Care Act. Regen Ther. 2016;5:25-30.



88

F. Mohamadi-Jahani et al.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Heslop JA, Hammond TG, Santeramo |, Tort Piella A, Hopp |, Zhou J, et al. Concise review: workshop
review: understanding and assessing the risks of stem cell-based therapies. Stem Cells Trans| Med.
2015;4(4):389-400.

Galvez-Martin P, Hmadcha A, Soria B, Calpena-Campmany AC, Clares-Naveros B. Study of the stabil-
ity of packaging and storage conditions of human mesenchymal stem cell for intra-arterial clinical
application in patient with critical limb ischemia. Eur J Pharm Biopharm. 2014;86(3):459-68.

Strong DM, von Versen R. Coding and traceability for products of human origin. Cell Tissue Bank.
2010;11(4):325-7. https://doi.org/10.1007/s10561-010-9223-3.

Pruf A. Coding of tissue and cell products. Transfus Med Hemother. 2017;44(6):382.

World Health Organization. Second global consultation on regulatory requirements for human cells
and tissues for transplantation: towards global harmonization through graduated standards. WHO
Report. 2006.

Gyurkocza B, Sandmaier BM. Conditioning regimens for hematopoietic cell transplantation: one size
does not fit all. Blood. 2014;124(3):344-53.

de Sa Silva F, Almeida PN, Rettore JV, Maranduba CP, de Souza CM, de Souza GT, et al. Toward per-
sonalized cell therapies by using stem cells: seven relevant topics for safety and success in stem cell
therapy. J Biomed Biotechnol. 2012;2012:758102.

Meyer JR. The significance of induced pluripotent stem cells for basic research and clinical therapy. J
Med Ethics. 2008;34(12):849-51.

Liang G, Zhang Y. Genetic and epigenetic variations in iPSCs: potential causes and implications for
application. Cell Stem Cell. 2013;13(2):149-59.

Volarevic V, Markovic BS, Gazdic M, Volarevic A, Jovicic N, Arsenijevic N, et al. Ethical and safety issues
of stem cell-based therapy. Int J Med Sci. 2018;15(1):36-45.

Golpanian S, Schulman IH, Ebert RF, Heldman AW, DiFede DL, Yang PC, et al. Concise review: review
and perspective of cell dosage and routes of administration from preclinical and clinical studies of
stem cell therapy for heart disease. Stem Cells Transl Med. 2016;5(2):186-91.

Wong RS. Mesenchymal stem cells: angels or demons? Biomed Res Int. 2011;2011:459510.
Mousavinejad M, Andrews PW, Shoraki EK. Current biosafety considerations in stem cell therapy. Cell
J (Yakhteh). 2016;18(2):281.

Goldring CE, Duffy PA, Benvenisty N, Andrews PW, Ben-David U, Eakins R, et al. Assessing the safety of
stem cell therapeutics. Cell Stem Cell. 2011;8(6):618-28.

Further Reading

Bravery CA, Carmen J, Fong T, Oprea W, Hoogendoorn KH, Woda J, Burger SR, Rowley JA, Bonyhadi ML,

Van't Hof W. Potency assay development for cellular therapy products: an ISCT review of the require-
ments and experiences in the industry. Cytotherapy. 2013;15(1):9-19.

Hayakawa T, Aoi T, Bravery C, Hoogendoorn K, Knezevic |, Koga J, Maeda D, Matsuyama A, McBlane J, Morio

T, Petricciani J. Report of the international conference on regulatory endeavors towards the sound
development of human cell therapy products. Biologicals. 2015;43(5):283-97.

Ito E, Miyagawa S, Takeda M, Kawamura A, Harada A, Iseoka H, Yajima S, Sougawa N, Mochizuki-Oda N,

Yasuda S, Sato Y. Tumorigenicity assay essential for facilitating safety studies of hiPSC-derived cardio-
myocytes for clinical application. Sci Rep. 2019;9(1):1881.


https://doi.org/10.1007/s10561-010-9223-3

q 89

Check for
updates

Standards and Regulatory
Frameworks (for Cell-
and Tissue-Based Products)

Maryam Arabi, Fereshteh Mohamadi-Jahani,
Sepideh Alavi-Moghadam, and Mina Abedi

9.1 What You Will Learn in This Chapter? - 90
9.2 Rationale and Importance - 90

9.3 Therapeutic Characterizations of Cell-Based
Products - 90

94 Governmental Standards - 91

9.5 Standards and Regulations in Different
Countries - 91

9.5.1 The United States - 91

9.5.2 Canada -92

9.53 The European Union — 92

9.5.4 Australia — 93

9.5.5 Japan - 93

9.5.6 Korea - 93

9.5.7 Singapore - 93

9.6 The Current International Standards and Regulatory
Frameworks — 94

9.7 Challenges and Further Perspectives - 95

References — 96

© Springer Nature Switzerland AG 2020
B. Arjmand et al. (eds.), Biomedical Product Development: Bench to Bedside,
Learning Materials in Biosciences, https://doi.org/10.1007/978-3-030-35626-2_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-35626-2_9&domain=pdf

90

M. Arabi et al.

9.1 What You Will Learn in This Chapter?

Cell therapy, as a field of biotherapeutic medicines, concerns with global public health
promotion. The complexity of human cell- and tissue-based products (HCTPs) in their
structure, content, mode of action, and delivery confronts health relevant professionals,
regulatory authorities, and manufacturers with some challenges from product design to
delivery [1].

First of all, in order to find out the difference between regulations and standards, note
the following @ Table 9.1 [2].

This chapter, at first, introduces the importance of establishing and following stan-
dards and regulations. Then, it gives some information about the characterization of cell-
and tissue-based products according to accepted standards and regulations. Finally, the
following part of the chapter will provide different classifications of HCTPs, based on
several aspects.

9.2 Rationale and Importance

Nowadays, biomedical discoveries, as a developing field, are being focused on. Accordingly,
it introduces the translational research (the journey of biomedical discoveries from the
bench to the bedside). This type of research demands high skills like individual and
within-a-team ones and also an understanding of the usage of data in different regulatory
frameworks [3].

In other words, the manufacturing of cell- and tissue-based products now is rapidly
facing a serious challenge of assuring consistent and safe approaches in making products
[1]. In biotechnological and pharmaceutical fields, basic and clinical scientists should be
aware of related regulations and standards before using a cell- or tissue-based products in
clinic [4]. That is why in this case talking about regulations and standards seems important.

9.3 Therapeutic Characterizations of Cell-Based Products

Because of therapeutic importance of HCTPs, some characteristics for these kinds of
products can be considered:
These products can be applicable in recipient for a lifetime.
Their responses to their environment and other cells are not encountered with other
medications.

O Table 9.1 Standards vs. regulations: Although regulations and standards seem very similar,
they are different in some aspects [2]

Regulations Standards (voluntary)

Legally implemented by the governments Frequently nongovernmental

Has the responsibility of defining safety Has the responsibility of describing how
requirements manufacturers might meet regulatory demands

Accurately informs health professionals and  Physical standards provide accepted “benchmark”
consumers of some specific data materials
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According to their capacity to replicate or mature in vivo, HCTPs preserve their
functionality after administration.
They may migrate unintentionally to other tissues [1].

Because of the mentioned special characteristics of HCTPs that make them distinguish-

able from other pharmaceuticals, establishing sets of standards and regulations seems
important. Some types of the standards and regulations are provided in the following:

9.4 Governmental Standards

Nowadays, using governmental standards is necessary because it is a growing need to
consider the linkage between cost and safety, quality, and efficacy criteria in therapeutic
cell-based product development. Market access of therapeutic cell-based products has to
be approved by associated regulatory bodies on the basis of safety, quality, and efficacy.
However, policy makers have to implement several evaluations to justify and balance cost
and benefit and cost and effectiveness and generally to make factual decisions because of
growing demands on public healthcare budgets. In other way, approval by the relevant
regulatory authority is required for most drug reimbursement procedures either public-
or insurance-based ones. In conclusion, adherence to relevant governmental standards, as
a crucial prelude to significant penetration of the market, seems important [5].

9.5 Standards and Regulations in Different Countries

Regulatory agencies have developed cell- and tissue-based drug regulations. For example,
the Australian framework is administered by the Therapeutic Goods Administration
(TGA), the European Union by the European Medicines Agency (EMA), and the USA by
the Food and Drug Administration (FDA) [3].

There are some similarities between regulations of different countries. However, some
differences can be seen, basically assigned to external factors (e.g., culture) and also the
expansion of their scopes within years [3].

Let us consider some of these national standards and regulatory frameworks sepa-
rately.

9.5.1 The United States

The FDA Center for Biologics Evaluation and Research (CBER) and, specifically, the
Office of Cellular, Tissue, and Gene Therapies (OCTGT) have the responsibility for the
supervision of cellular products and tissues based on approved regulatory criteria set since
the 1990s.

The point is that somatic cell therapy is considered to be “experimental” in FDA defini-
tion, rather than a standard medical practice. Therefore, cellular products cannot be used
clinically without an investigational new drug (IND) application [6].

Additionally, products of tissue engineering and regenerative medicine (TE/RM) are
regulated by FDA in different pathways because of the following different categories:
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9.5.1.1 Tissues

FDA regulates HCTPs by rules shown in Section 361 of the Public Health Service Act
(PHS Act) under the communicable disease authority that one of its major objectives is
preventing contaminated and infectious tissue and cell transmission [7].

9.5.1.2 Biological Products

Tissue rules of FDA in Section 351(i) of the PHS Act name different items that can be cat-
egorized as biological products including toxin and antitoxin, virus, blood, etc. Biological
products can be utilized to prevent, treat, or cure human disease or condition [8].

9.5.1.3 Medical Devices

Section 201(h) of the Federal Food, Drug, and Cosmetic Act (FD&C Act) defines medical
device as recognized instrument, implement, apparatus, etc. in the official National
Formulary or the US Pharmacopoeia which is considered to diagnose or treat diseases or
to have effects on human body or animals, in their function or structure. Also, devices do
not need metabolic pathways or chemical actions to achieve their primarily considered
purposes [9].

The Medical Device Amendments of the FD&C Act categorize devices into three risk-
based classes based on their indications for use. Also, it is based on their risk for patients
and users. The lowest risk is for class I, and class III has the greatest risk [7].

Devices in class I are regulated by general controls. Class II requires special controls in
addition to general ones, and class III needs general controls and premarket approval.
Therefore, all classes require general controls. Although class III is more risky, it also
requires Quality System Regulation (QS Regulation) 7, 10].

9.5.2 Canada

In January 2003, health Canada gave a document about basic needs for transplantation of
human cells, tissues, and organs [11]. The Canadian regulatory framework includes guide-
lines, regulations, acts, and policies that all of them are involved in the regulation of cell
and gene therapy products (CGTPs). In Canada, cell therapy regulation is not defined
specifically and also is not included in the list of F&DR. CGTPs as pharmaceutical prod-
ucts can be regulated under the Food and Drugs Act [12].

9.5.3 The European Union

In the European Union, ATMPs were approved at the end of 2007 for the provision of
placing viable cell-based and tissue-based products in the market which are proper for
human use. Based on this legal document, both somatic cell- and tissue-based products
may contain cells of human and/or animal origin, noticing this difference that in tissue-
engineered products, medical devices are used in allogeneic and xenogeneic cellular treat-
ments ex vivo or in vivo (e.g., microcapsules, intrinsic matrix scaffolds, biodegradable, or
not). This document’s main policy is that a centralized authorization procedure for all
advanced therapy medicinal products (AMTPs) has to be set up through an interdisciplin-
ary expert committee, the Committee for Advanced Therapies (CAT), within the European
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Medicines Agency (EMEA). Based on the special safety and regulatory frameworks, in
order to prevent potentially negative public health events, there will be firmer require-
ments on risk management, including the complete traceability of donors, recipients, tis-
sues, and products [6].

9.5.4 Australia

Australian regulatory guidelines and also standards for biological labeling and guidelines
for donor eligibility, testing, and minimizing infectious disease transmission for biologi-
cals have been published by the Therapeutic Goods Administration (TGA). The biological
regulations are categorized into different classes based on the following criteria:
Duration of manipulating time from their extraction of naturally occurring state to
its use
The proximity of their usage to their original biological function

In conclusion, the higher degree of regulatory oversight ends to the upper class the bio-
logical will place in [13].

9.5.5 Japan

In Japan, Pharmaceuticals and Medical Devices Agency (PMDA) and the Ministry of
Health, Labor, and Welfare (MHLW) are responsible for regulating cell and tissue therapy
products as drugs or medical devices which have only approved autologous cultured epi-
dermis (JACE) as a medical device until 2012 [13].

9.5.6 Korea

South Korean Food and Drug Administration (K-FDA) which is responsible for supervi-
sion of biologics or biopharmaceuticals, recombinant proteins, cell culture products, cell
and gene therapy products, and others with similar materials has approved over 15 cell
therapy products, namely, articular cartilage defects, cancer, burns, fracture, diabetic foot
ulcer, and bone necrosis, including a stem cell product for acute myocardial infarction
(Hearticellgram®-AMI) until 2012 [13].

9.5.7 Singapore

Some of the requirements in the licensing terms and conditions (LTCs) which stand for

the Ministry of Health (MOH) cell- and tissue-based therapeutic (CTT) products include

the following:

1. The first one is about the person’s medical specialty who is in charge of the CTT
facility, which has to be related to the nature of the CTT or its use.

2. Before the use of CTT products, obtaining the patients’ consent is necessary.

3. Another one is about the necessity of giving a 7-day cooling-off period to the patient
so that considering the CTT treatment before providing it would be possible.
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4. The necessity of effective documentation system for all provided CTTs allows the
authorities to maintain complete records of the CTT use, in addition to the donation,
procurement, and testing of CTT products.

5. This set of criteria also describes an identification system which has the responsibility
of tracking CTT products from the donor to the recipient and vice versa.

6. There are some specific conditions mentioned in this criteria set which have to be satis-
fied for the usage of low-evidence CTT products, which include MOH approval and
attempts to all other conventional treatment options (i.e., “last resort” treatment) [13].

9.6 The Current International Standards and Regulatory
Frameworks

With the purpose of discussing challenges toward the scientific regulation of HCTPs, a
workshop was held in Kyoto in 2014 in which one of its recommendations was that the
World Health Organization (WHO) should take an action toward beginning a work on
the development of appropriate guidelines and relevant documents for National Regulatory
Authorities (NRAs), National Control Laboratories, and CTP producers [1].

Moreover, in order to review the available scientific information and data and to iden-
tify and discuss the most significant current regulatory issues in the field of cell therapy, a
follow-up conference was held in Tokyo in 2015 [1].

The purpose of this conference is summarized in as follows:

It is concluded that the necessary condition for the current regulatory framework to
accommodate HCTPs is NRA’ flexibility in the application of the regulations that they
have put in place.

There were also some problems identified in this conference which include potency
tests with functional readouts available that are not dependent on surrogate markers,
tumorigenicity tests, and the fundamental role of international standards in controlling
cell products, the point that at which and extent to which GMPs should apply.

Another conclusion was the WHO preference in order to be the organization which
takes the lead in developing international guidance.

In this conference, there are also some points as follow:

At first, data of current requirements of the EU, FDA, Japan, China, and Korea are
developed and were gathered to show common points and also divergence between them
as a basic platform for more discussion.

In addition, based on the bone marrow transplantation (BMT) experiences, some con-
trolling points with the aim of facilitating or inhibiting the developmental process of cell-
based products should be identified.

It was also recommended to establish a rational regulatory framework for HCTPs that
could be a beginning for WHO’s role [1].

An international regulatory conference on human cell and gene therapy products sub-
sequently was held in order to discuss the challenges raised at the Tokyo 2015 conference.
It was held in Osaka, Japan, on March 16, 2016, and was co-sponsored by Pharmaceuticals
and Medical Devices Agency (PMDA), National Institute of Biomedical Innovation,
Health, and Nutrition (Japan), and the Japanese Society for Regenerative Medicine. There
were also participants from regulatory agencies (e.g., FDA, Committee for Advanced
Therapies/the European Medicines Agency (EMA), the European Directorate for the
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Quality of Medicines and Healthcare (EDQM), Health Canada, Singapore’s Health Science
Authority, PMDA, Taiwan Food and Drug Authority (TFDA)), nongovernmental organi-
zations, academia, and industry in North America, Europe, and Asia who attended the
forum. In this forum, with the aim of minimizing inconsistency in regulatory approaches
among interested parties and improving international regulatory convergence through an
international organization such as the WHO, compiling a global best practice document
was emphasized further, in order to evaluate the quality, efficacy, and safety of the CTPs [1].

There were also discussions about making a minimum consensus package (MCP) as a
useful approach to the scientific evaluation of HCTPs which can be the foundation of a
global guidance document. A MCP is composed of general considerations, scientific prin-
ciples/concepts, and technical demands that can generally be used in the cases of most
HCTPs. Regarding these points, relevant workgroups can use the MCP as a platform [1].

In order to develop a MCP, the data provided comprehensively and extensively in rel-
evant requirements, guidelines, scientific literature, and other sources should be taken
into consideration. In order to cover this need, specific, necessary scientific and techno-
logical elements for chemistry, manufacturing, and controls and nonclinical and clinical
studies have to be identified and discussed further [1].

Moreover, in order to develop an individual HCTP, some other factors have to be con-
sidered such as sources of the applied cells as well as the processes of their manufacturing,
product-specific profile, the procedures of product administration, specific diseases we
intend to target, development stage, and experience of use, among other factors (these are
called add-on packages for individual cases) [1].

In short, the forum aiming at cell therapy could be advanced efficiently, effectively, and
reasonably through the utilization of such an MCP plus add-on packages for individual
cases [1].

The most recent International Alliance for Biological Standardization (IABS) confer-
ence on CT was held in London on November 23, 2016. There was a discussion on key
issues of manufacturing HCTPs, and there were selected aspects agreed on to inform about
the draft of future guidance. As with previous IABS meetings, this one aimed at combining
specific relevant aspects of industry, academia, health services, and regulatory bodies as
well as making some promotions in regulation, registries, and banking of stem cell lines,
requirements for raw materials, manufacturing, standardization, characterization, and
preservation. Representations from 14 countries had participants in this meeting [1].

9.7 Challenges and Further Perspectives

From 1997, when the first CTPs, Carticel® (autologous cultured chondrocytes), were
approved by FDA, there has been an increasing expectation that cell-based investigational
products will become effective new therapies. Therefore, meeting this expectation will
become a new challenge for researchers. Nevertheless, there are many areas of regulatory
uncertainty and differences among countries and regions in this case that is another chal-
lenge in this field of work [1].

Other challenges are source, regulatory experience, and support limitation for run-
ning a developmental process on the road of intended products and life cycle in smaller
private organizations, academic, or healthcare institutions by which many cell therapies
have been developed. Therefore, in order to make it possible to effectively progress the
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potential new CTPs to the market, regulators need to engage early with HCTP developers
[1].

Additionally, because final cell preparation for HCTP is fragile and has a limited shelf
life, a specific notice should be given to the pharmaceutical pathways for autologous
HCTPs that start from the donor/patient (biopsy collection) to the manufacturing site
(production, quality controls, and release) [1].

Also there are some ethical considerations of xenotransplantation in cell therapy that
have to be of concerned, for instance, informed consent from the recipient, the potential
risks of Infections by xenotransplantation, the social acceptance of this kind of transplan-
tation, as a solution to human organ shortage, and the use of animals, especially primates
as recipients in preclinical trials of xenotransplantation [6].

Moreover, there are some challenges in all transplantation, i.e., consideration of focus-
ing on specific procedures especially informed consent, patient quality of life, benefits
versus risks, the recipient autonomy, and medical paternalism or nonmaleficence [14].

Take a look at the following example of xenotransplantation challenges in the UK:

Box 9.1

There are some regulatory concerns in using primates in the UK focusing on the uncertainty
about the acceptability of this procedure in the public. That is because of their evolutionary
proximity to human beings [6].

As the Weatherall Report, published at the end of 2006, emphasized, the UK expert group
accepted nonhuman primate research with specific conditions, including high quality research
with the potential to benefit mankind, and if it is the only way of solving important scientific or
medical questions [6].

— Take-Home Messages

== Regulations provide governmental status about safety requirements and accu-
rate information for health professionals.

== Standards are often formed outside of government and talk about how manufac-
turers might cover regulatory demands.

== Basic and clinical scientists should be aware of related regulations and standards
in their field as manufacturing of cell- and tissue-based products is rapidly devel-
oping.

== Regulations in tissue engineering and regenerative medicine (TE/RM) are catego-
rized into different pathways including tissue, biological products, and medical
devices.

== Several countries like the USA, Canada, Australia, Singapore, Japan, and Korea
have designed their own regulatory policies.
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10.1 What You Will Learn in This Chapter

The design, monitoring, recording, analyzing, and reporting of clinical trials are major
issues which need to be standardized all over the world. Accordingly, good clinical prac-
tice (GCP) is an international ethical and scientific quality standard for conducting the
trials involving human subjects. In this chapter, a brief history of GCP, leading to its
importance and functions, will be discussed. Then, we will go through some details about
its principles and some major roles of components including the patients, sponsor, inves-
tigator, and other stakeholders. Before addressing the challenges which you will be faced
with using the guidelines, there are some examples about different kinds of GCP guide-
lines around the world to show how it is implemented and influences the performance and
management of clinical trials.

10.2 What Is Good Clinical Practice?

Good clinical practice (GCP) is defined as a “standard for the design, conduct, perfor-
mance, monitoring, auditing, recording, analyzing and reporting of clinical trials” It pro-
vides assurance that the obtained data and reported results are credible and accurate. On
the other hand, the rights, integrity, and confidentially of trial subjects are protected by
GCP [1].

10.3 History of GCP

Prior to actual set of guidelines to follow for GCP, clinical studies could result in serious
diseases and even death which made them quite dangerous. In 1906, some harmful drugs
that could be bought over the counter led to the first landmark in the regulation of drugs
as Pure Food and Drugs Act [2]. Then, in 1930, the Food and Drug Administration (FDA)
(first known as the Food, Drug, and Insecticide Administration in 1927) was established
to oversee compliance with the Pure Food and Drugs Act. However, it was not much suc-
cessful in preventing all unsafe drugs from being applicable, and when the Federal Food,
Drug, and Cosmetic Act was released by the US Congress in 1938, it was for the first time
that the manufacturers were demanded to test the safety of drugs and demonstrate the
evidence to the FDA before marketing [2].

Following the unethical experiments performed in Germany during World War II
(WWII), the Nuremberg Code was developed in 1947 which expressed the need for a
scientific basis in research on humans. This code arranged ethical guidelines and stated
the necessity of informed consent [2, 3].

In response to the severe fetal limb deformities related to the use of maternal thalidomide,
the Kefauver-Harris Amendments were passed in 1962 which made the evaluation of all new
drugs for safety and efficacy a responsibility for the FDA. Another turning point occurred in
1964 by the World Medical Association (WMA) that introduced Declaration of Helsinki which
formed the basis for the ethical principles underlying the International Conference on
Harmonization (ICH)-GCP guideline. It was a set of recommendations for guiding medical
doctors in biomedical research including human subjects. Although it influenced national leg-
islations, there was no international standard for harmonization and globalization [1].
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The Belmont Report issued in 1979 by the National Commission for Protection of
Human Subjects of Biomedical and Behavioral Research is another milestone in the for-
mation of ICH-GCP guidelines [1]. This report identified three fundamental principles:
(1) Respect for persons: Obtaining informed consent; (2) Beneficence: Assessment of risks
and potential benefits; and (3) Justice: Equitable selection and fair treatment.

In this context, the World Health Organization (WHO) and the Council for
International Organization of Medical Sciences (CIOMS) issued the “Proposal
International Guidelines for Biomedical Research Involving Human subjects” in 1982 to
make it easier for developing countries to apply the Declaration of Helsinki and the
Nuremberg Code. It was again revised and resulted into the “International Guidelines for
Biomedical Research Involving Human Subjects” [2]. Eventually, the ICH issued the “ICH
Guidelines: Topic E6 Guideline for GCP” in May 1996 to overcome international GCP
variability throughout countries [2]. The guidelines, which were implemented from 1997,
present a comprehensive and global guidance of the design and conduct of clinical trials.
A summary of the mentioned milestones during the development of GCP is shown in
@ Fig. 10.1 [1-3].

10.4 Rationale and Importance

Looking at the process of events which led to formation of GCPs reveals the importance
of these guidelines. As clinical trials are the gold standard for proving the safety and effec-
tiveness of new therapies, they need to be conducted based on GCP guidelines [4].
Accordingly, GCP ensures the accuracy, verifiability, and reproducibility of the generated
data, enhances the ethical awareness in the clinical studies, secures the privacy of human
subjects, and increases competition while improving trial methods. It helps comprehend
the clinical trial significance better, clarify double-sided recognition of information, and
bring political and public concern over safety aspects. Further, GCP is necessary for man-
aging the accidents and adverse events which occur during the study [1]. Moreover, the
enactment of GCP has caused reduction of costs for pharmaceutical companies during
developmental processes [3]. All in all, GCP can be defined as ethics plus quality data [5].

10.5 Principles of GCP Guidance

GCP guidelines are mainly focused on the protection of human rights and providing

assurance that the newly developed products are safe. Also, they present standards on how

clinical trials should be conducted. Guidelines define the roles and responsibilities of

clinical sponsors, clinical research associates, and monitors [4, 6].

The 13 core principles of ICH-GCP are as follows:

1. Clinical trials should be conducted in accordance with the Declaration of Helsinki,
GCP, and regulatory requirement(s).

2. Before starting the trial, potential risks should be weighed against foreseeable
benefits for the subjects and society. Only if the benefits justify the risks the trial is
allowed to be commenced.

3. The most essential considerations which should have priority over interests of
science and society are the rights, safety, and well-being of the human subjects.
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4. There should be sufficient clinical and nonclinical information on an investigational
product available to support the proposed clinical trial.

5. Scientific clinical trials should be described clearly and comprehensively in a
protocol.

6. The protocol, which the trial is conducted in accordance with, must first receive
institutional review board (IRB)/independent ethics committee (IEC) approval/
favorable opinion.

7. A qualified physician takes the responsibility for the medical care or the decisions
related to the subjects.

8. The individuals involved in a trial should be totally educated, trained, and experi-
enced to do their responsibilities correctly.

9. Before participating in a trial, voluntary informed consents should be obtained from
the participants.

10. The information of the trial should be recorded and managed to make its reporting
and authentication available.

11. Protection of the privacy and confidentiality of records identifying the subjects is of
great importance which should be in consistent with the relevant rules of the
applicable regulatory requirement(s).

12. Good manufacturing practice (GMP) leads the way in producing, handling, and
storing the investigational products. Also, the products should be used in accor-
dance with the approved protocol.

13. Special systems with procedures that guarantee the details of the trial should be
implemented.

10.6 Major Stakeholders of the GCP Protocol

Management, implementation, and taking charge of GCP guidelines lie with the stake-
holders. Hence, their responsibilities should be introduced as follows:
Regulatory authorities: The authorities that review submitted clinical data and those
that administer inspections.
The sponsor: An individual (company, institution, or organization) which is respon-
sible for the initiation, management, and financing of a clinical trial.
The project monitor: Acts as the main line of communication between the sponsor
and the investigator and is usually appointed by the sponsor.
The investigator: A team leader who is responsible for the conduct of the trial at the
trial site.
Subject/trial subject: An individual who participates in a clinical trial, either as a
recipient of the investigational product(s) or as a control.
The pharmacist at the trial location: Responsible for maintenance, storage, and
supplying of investigational products such as drugs in clinical trials.
Ethical review board or committee for protection of subjects: Assigned by institution
or “if not available then the Authoritative Health body in that country will be
responsible.”
Committee to monitor large trials: Oversees sponsors such as pharmaceutical
companies [1, 6].

10
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The definition and responsibilities of main ones are discussed in » Chap. 12.

10.7 GCP around the World

The ICH-GCP was designed to promote harmonization in the three prominent ICH
regions, the USA, Japan, and Europe. Also, the WHO-GCP was established for less accom-
plished pharmaceutical agencies in nations with no other guidelines [3].

The Office of Good Clinical Practice (OGCP) is the focal point within the FDA for
GCP and Human Subject Protection (HSP) issues that may arise in clinical trials regulated
by FDA [7]. FDA regulations govern the conduct of clinical trials and describe GCP for
studies (human and non-human animal subjects). Through different Codes of Federal
Regulations (CFR), some essential issues are discussed such as electronic records, elec-
tronic signature (21 CFR partl1), regulatory hearing before the food and drug adminis-
tration (21 CFR partl6), protection of human subjects (informed consent) (21 CFR
part50), and applications for FDA approval to market a new drug (21 CFR part314) [5, 7].

In Europe, Clinical Trial Directive (Directive 2001/20/EC) was introduced to simplify
and coordinate the administrative provisions governing clinical trials [2, 8].

Clinical research is an example of the huge disparities between high-income coun-
tries (HICs) and low- and middle-income countries (LMICs) in access to adequate care
[9]. After the conception of ICH-GCP guidelines, various countries in the Asia-Pacific
region formulated their own guidelines such as Singapore GCP, Chinese GCP, Malaysian
GCP, and also Iranian GCP. The Malaysian Guideline for GCP was first published in 1999
which adopts the basic principles outlined by the ICH-GCP with some modifications to
suit local requirements. In India, the first recognized document for GCP was formulated
in 2001 by the Central Drugs Standard Control Organization (CDSCO). The composi-
tion of an Ethics Committee is specified in the Indian GCP [1, 3]. All in all, GCP is now
an international standard, based on which enormous clinical trials with the cooperation
of multiple countries and enrollment of participants from different nationalities can be
conducted.

10.8 Challenges and Future Direction

GCP principles, commonly applied to clinical researches on human subjects, serve “as
aroadmap of responsibilities” for the individuals involved in research [10]. Conducting
clinical trials based on GCP causes many problems. For instance, there is the lack of
commitment of clinicians due to having little time for clinical research as they have
lots of other responsibilities [11]. Even, there are a limited number of GCP-trained
competent professionals which pose a major challenge in the implementation of GCP
guidelines. Professional training on GCP across various stakeholders (sponsor, inves-
tigator, patient, regulators, etc.) is a crucial requirement. Accordingly, FDA conducts
GCP training which recently is available online [12]. Not only is there a lack of sup-
portive infrastructure like labs and diagnostics, but also most hospitals do not meet
the infrastructure requirements as per GCP guidelines. The upgrade of local labora-
tories and the harmonization of laboratory quality systems are known as major chal-
lenges in LMICs [9].
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Although the intention of GCP is to protect and promote patients’ rights and safety
and increase the overall quality of clinical trials, it also has some deficiencies or somehow
unnecessary issues which result in challenge themselves. For example, some GCP pro-
cesses can lead to markedly increased trial complexity, duration, and costs while they do
not significantly improve the quality of these trials and their ability to correctly answer
clinical questions or do not support the safety of human subjects. In some circumstances,
GCP guidelines put inappropriate emphasis on reporting like progress reports and safety
reporting. The guidance is derived from informal concurrence rather than evidence-based
data. Implementation of GCP guidelines requires intensive site monitoring which is
known to be costly and time consuming. The main problem is that there is an emphasis on
documents unrelated to research validity (e.g., updating curriculum vitae) rather than the
specifically designed activities for improvement of research quality based on the major
goal of monitoring, the detection of inaccurate transcription of data [10].

Concerning laboratory quality management systems, GCP codes do not pay much
attention for the laboratories of the trial, and they do not refer to the Good Clinical
Laboratory Practices (GCLP) code. GCP guidelines should provide a section describing
the qualification and responsibilities and monitoring the trial laboratories based on
GCLP. The quality of investigational medicinal product is another essential part which
requires compliance of the international GCP codes with locally applicable GMP. Since
degraded, underdosed, and nonbioequivalent medicines have been used in trials, more
detailed evidences of the inspecting and reporting of the quality of drugs and medical
devices are needed [9].

Along with the increase amount of utilization of GCP guidelines around the world,
more and more clinical trials will be designed and conducted in the future which are
expected to comply with GCP codes. Besides, it is suggested that there is the need to revise
the guidelines to improve relevance to the current research environment as these guide-
lines are “meant to serve the interests of global society” [9, 10].

— Take-Home Messages

== GCP is an international ethical and scientific quality standard for conducting the
trials.

== GCP provides assurance that the data and reported results are credible and accu-
rate and that the rights and integrity of trial subjects are protected.

== GCP has 13 core principles which mainly focus on human rights and verifiability
of the data. Other key aspects are justifying the risks, regarding the regulatory
requirements and the protocol, providing adequate recording and reporting of
the data, involving qualified individuals, etc.

== The ICH-GCP is not the only guideline available, and there are other national
and international GCP codes such as Clinical Trial Directive of Europe, Malaysian
guideline, and Indian guideline.

= The implementation of GCP poses obstacles and challenges like the lack of
trained staff and required infrastructure, which arise worries.

= Although there are international guidelines such as ICH-GCP and WHO-GCP
which revolutionized the process of clinical research, there are still serious chal-
lenges. Therefore, some revisions and improvement are needed.
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11.1 What You Will Learn in This Chapter?

You will first understand the concept and definition of the clinical trials. Then, the impor-
tance and necessity of its implementation will be described. At the next step, this chapter
tries to clarify the importance of phases of clinical trials (phases III and IV). In this part,
you should pay attention to the type of biomedical studies including pharmaceutical, cell,
gene, and tissue investigations which are mentioned. You will learn about fundamentals of
clinical trials after their clarification. According to international standards and guidelines,
inclusion and exclusion criteria of eligible participants will be demonstrated, and inter-
vention includes concepts like diagnostic intervention. Furthermore, a snapshot of clini-
cal trial monitoring, risk assessment, and its various types will be exhibited with a brief
focus on registration and obstacles.

11.2 What Are Clinical Trials?

Investigational new drugs (INDs) can be available to the public after a hardworking step-
wise study and proof of safety and efficacy. As a result, INDs should be evaluated in a sci-
entific investigational setting. Accordingly, clinical trial is one of the important gold
standard tests. It has a protocol for performing trials which illustrate several aspects of
studies such as sex, age, etc. In the end, INDs (novel drugs and treatments) will be avail-
able to patients after passing safety and efficacy stages. Logically, all of these stages are
under supervision of international, national, and regional authorized bodies (e.g., FDA,
KFDA,). In summary, the purpose of conducting clinical trials is to improve medical and
behavioral intervention [1, 2].

11.3 Rationale and Importance

Clinical trials play an important role in discovering novel treatments. They help scientists
to identify and diagnose various diseases. On the other hand, clinical trials can provide
valuable infrastructure for treatment of several diseases and decreasing the complications.
In other words, factual and documented results which are extracted from clinical trials are
valuable in patient care. Finally, using clinical trials, investigators and doctors can assess the
risks of new drugs against their benefits and then decide to whether prescribe it or not [3].

11.4 Phases of Clinical Trial

In a clinical point of view, a novel treatment needs to pass four phases of clinical trials
(@ Fig. 11.1).

11.4.1 Phasel

The main aim of this phase is to illustrate the best dose and method with an acceptable
level of risk (safety phase). In this phase, researchers evaluate probable risks and side

11
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Phase Il
Confirm results

Phase IV
FDA review

Phase Il
Efficacy

Phase |
Human safety

Months

Hundreds (up to
500) of participants

Weeks Z Safety in typical

patients

Several years £

Tens of participants

Up to thousands of
participants

Massive population

B Fig. 11.1  Phases of clinical trial. Phase |: Takes weeks, aim to IND human safety, tens of participants
(up to 50). Phase Il: Takes months, efficacy examination, hundreds of participants (up to 500). Phase IlI:
Takes several years, result confirmation, thousands of participants. Phase IV: Long term, health authority
surveillance and observation, massive population

effects of the INDs. Enrolling participants in this phase depends on the characteristics of
the studies, and the maximum number is up to 50 (e.g., in some cases such as cell-based
and gene therapies, the total number of participants is around 10 people). Physicians use
a few dose for a few patients at the early step of phase I. After that, the dose of INDs
increases along with the number of subjects gradually. This process continues until the
side effects are very intense or the desired effect is seen. Finally, phase I steps at this stage.
This drug may help patients (efficacy), but the purpose of this phase is to check the human
safety of the drug. If the drug or approach is sufficiently human safe, it can be tested in a
clinical trial of phase II [4].

11.4.2 Phasell

In phase II, the main focus is on evaluating efficacy. There are significant differences
between this phase and phase I which include the following: (1) phase II is longer and
it takes months. (2) The number of participants of phase II is more than phase I. Of
course, the number of patients depends on the type of biomedical study (e.g., pharma-
ceutical or cell-based study). At this stage, the new developed products are compared
with standard of care ones. Then, it will enter phase III if the efficacy and safety are
acceptable [5].

11.4.3 Phaselll

In phase III, the side effects and efficacy of INDs are assessed. In this phase, lots
of drugs and methods which were considered successful do not pass due to the detri-
mental side effects and lack of therapeutic effects. In phase III, clinical trial investi-
gators compare INDs with the standard of care to determine which ones work
better [6].
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11.4.3.1 Basic Principles

This phase has several conditions and includes the following:

1. Participants in study are alike, and there is no difference between them. They should
be adjusted based on age, gender, etc.

2. 'The research is randomized and patients are chosen incidentally.

The level of efficacy is associated with either single- or double-blind process.

4. Every patient should be observed precisely [7].

et

11.4.3.2 Features of the Participants in Trial Groups

Phase III has 2 significant features:
The large amount of participants (up to thousands)
Control group such as scheme group

For election of scheme (control group), some components including objective, amount of
participants, and steps multiplicity play important roles. The essential purpose of phase III
is providing new and better approach for prevention, management, and treatment of dis-
eases. The number of patients included in phase III varies based on the type of study. In
pharmaceutical studies, more than 1000 patients can be enrolled, whereas in cell-, gene-,
and tissue-based studies, this number significantly drops [8].

11.4.3.3 Premature Termination

The study terminates before the deadline under two conditions:
1. If the adverse events of them in one or more groups are too intense
2. If one or more groups culminate in much better results [9].

11.4.4 PhaselV

After phase III, new drugs and treatments enter the market. If they have unknown adverse
effects, they will be excluded. Phase IV trials evaluate the safety of INDs in typical patients
approved by the health authorities. The drug is tested in large amount of patients in long-
term surveillance, which allows finding diverse effects in large groups of people. Moreover,
it is helpful for doctors to know more information about the IND’s works [3].

11.5 Statistics in Clinical Trial Design

Clinical trial design needs careful planning with statistical methods including the following:

11.5.1 Alternative Hypothesis

Alternative hypothesis claims that researchers would like to make it at the end of the trials.
It is stated to evidence something (e.g., the IND is more effective than the conventional
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treatments), so a complement (called the null hypothesis) is assumed true and then they
seek contraindicatory evidence. If the contraindicatory evidence is observed, the desired
claim (the alternative hypothesis) will be proved, and the compliment will be disproved [10].

11.5.2 Null Hypothesis

This claim is enounced when there is no connection between groups. Null hypothesis and
alternative hypothesis are opposites (pay attention to “alternative hypothesis”) [10, 11].

11.5.3 Intent to Treat (ITT)

It is useful for running a randomized clinical trial (RCT) and analyzing data. The plan
implies careless of adherence or treatment received. It can afford unbiased comparisons
among the trial groups [10, 12].

11.5.4 Type | Error (x)

It is known as the likelihood of incorrect rejection of the true null hypothesis or false-positive
conclusion. For example, INDs should cure a disease, but substantially it does not [10].

11.5.5 Type Il Error (f3)

It is defined as the acceptance of false null hypothesis or false-negative finding. For exam-
ple, in ascendancy trials, it means the likelihood of failing to recognize a treatment effect
when indeed a true treatment effect exists [10].

11.6 Eligibility Criteria and Intervention

11.6.1 Inclusion and Exclusion Criteria

The inclusion and exclusion criteria can direct the enrolment of participants based on
relevant standards. These criteria contain several items such as gender, age, race, ethical
principles, type of disease, medical history, mental status, and other medical situations.
They play an important role in assuring patient safety during trials, justification of sub-
jects, decrease cost, and side effects of new treatments [2].

11.6.2 Intervention

The intervention in clinical trials aims to evaluate the safety and efficacy of INDs.
Accordingly, there are several categories of interventions including the following [3, 13]:
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11.6.2.1 Treatment
Examination of INDs for various therapeutic purposes

11.6.2.2 Prevention

Investigation of new methods for improving lapse or relapse of diseases (e.g., vaccines,
lifestyle change, etc.)

11.6.2.3 Diagnostics
Discovering higher methods for diagnosing type and stage of diseases

11.6.2.4 Supportive Care

Exploration of high quality and comfortable lifestyle for subjects with a long-term chronic
condition

11.6.2.5 Health Services Research

Enhancing the delivery, process, management, organization, or financing of healthcare
system

11.6.2.6 Basic Science
Focusing on the function of interventions

11.7 Clinical Trial Monitoring

Although there are several standards and regulations for harmonizing the framework of
clinical trials, the performance of the experiments may be different according to the spe-
cific circumstances of each study. Monitoring objectives focus on the safety and welfare of
the participants and also the protection of patients’ rights at all stages of testing, collecting,
and analyzing data. Furthermore, monitoring has several types such as on-site, oversight,
and off-site methods [14].

11.7.1 Risk Assessment

Risk assessment is made of the following several steps [15]:

11.7.1.1 Risk Identification

The first step for beginning the risk assessment is answer to the questions educed from
ICH Q9 including the following:

“What might go wrong?”

“What is the probability it will go wrong?”

“What are the consequences (severity)?”

11.7.1.2 Risk Analysis
It includes examination of the likelihoods, causes, and results of risk occurrence.
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11.7.1.3 Risk Evaluation

For evaluation, the risks of clinical trial researchers should answer ICH Q9 questions as
follows:
“What is the acceptable level of risk for the clinical study?”
“Is the risk above an acceptable level?”
“What can be done to reduce or eliminate risks?”
“Are new risks introduced as a result of the identified risks being controlled?”
[16, 17].

11.7.2 Clinical Trials Registration

The first clinical trials registration was started in 1994 in the WHO’s International
Clinical Trials Registry Platform (ICTRP) databases. After that, it was improved between
2004 and 2015 noticeably. Registration is essential for clearness of information and
enhancing the scientific and ethical profits. Nowadays, several aspects of clinical trials
can be found in registration databases (e.g., “primary registry and trial identifying num-
ber, date of registration in primary registry, secondary identifying numbers, source(s) of
monetary or material support, primary sponsor, secondary sponsor(s), contact for pub-
lic questions, contact for scientific queries, public title, scientific title, countries of
recruitment, health condition(s) or problem(s) studied, intervention(s), key inclusion
and exclusion criteria, study type, date of first enrolment, recruitment status, primary
outcome(s), and key secondary outcomes” are the most important data based on WHO
Trial Registration Data Set (TRDS)). Additionally, target sample size, status of clinical
trials, and conditions of enrolment are other features that should be registered by inves-
tigators [18, 19].

11.8 Challenges and Future Direction

11.8.1 Eligible Patient Enrollment

One of the significant barriers is about enrolling the patients. The process of choosing
patients with the acceptable conditions to engage in the researches is very difficult, and
institutions or universities play an important role in facilitating this process. Afterwards,
more barriers will arise. Since some of appropriate participants are reluctant to take part
in the study, they will be excluded during the trial [20].

11.8.2 During the Trials

11.8.2.1 Cost of Trials

The provision of welfare and medical facilities for patients, the cost of providing
tools, equipment, and staff salaries may be more than the budget for the study pur-
poses [21].
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11.8.2.2 Long Time Span

Accordingly, long time span (an average of 5-7 years) poses the studies to financial and
safety management. During the trials, participants must be observed; hence, long-term
observation needs a lot of staff and equipment [22-24].

— Take-Home Messages

== (linical trials are the gold standard tests for evaluating INDs.

== The goals of phases | and Il are examination of human safety and efficacy.

== |n phase Ill clinical trials, investigators compare INDs with the standard of care.

== Phase IV trials evaluate the safety of INDs in typical patients approved by the
health authorities.

== Careful planning with statistical methods helps the researchers to decrease the errors.

= The types of intervention include treatment, prevention, diagnostics, supportive
care, health service research, and basic science.

== Clinical trial should be done in a standard framework so it needs monitoring, risk
assessment, and registration.

== (linical trials like other kinds of researches have some barriers and challenges.
Note that if the side effects are irreparable, it must be terminated.
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12.1 What You Will Learn in This Chapter

Good Clinical Practice (GCP) guidelines share specific features, involve all stakeholders of
clinical trials, and clarify their respective responsibilities. Accordingly, in this chapter, all
aspects of GCP will be discussed in detail. Before conducting the trial, there are some
requirements such as justification of the research - especially ethical wise — and establish-
ment of procedures for documentation. Further, the risk management processes and prin-
ciples are other essential parts of GCP which will be addressed. Finally, the most important
challenges and different ways to overcome them will be introduced.

12.2 Rationale and Importance

GCP guideline is crucial for designing, running, and analyzing clinical trials since it char-
acterizes ethical and scientific rules and standards for each part of the study to protect
human safety and rights during the trial. Also, there should be a general and universal
framework available for international and national authorities to act as the common lan-
guage and the criteria for evaluating the GCPs and clinical trials all over the world.
Accordingly, GCP guidelines play an important role in providing harmonization among
various studies from different regions in order to facilitate research processes. Moreover,
GCP guidelines focus on analyzing the process of the trials to improve the quality of the
results. In short, GCPs provide doctrines for conducting the trials.

12.3 Features of Good Clinical Practice

The International Conference on Harmonization-GCP as an international standard is
used to monitor the design, conduct, and report of clinical trials from ethical and scien-
tific points of view and also defines various aspects of the clinical researches. Consequently,
the ICH-GCP contains the following elements to ensure that the trial subjects are pro-
tected and the data obtained from clinical testing has sufficient quality and integrity:

Approval of the protocol- and trial-related requirements by Institutional Review

Board (IRB) and/or Independent Ethics Committee (IEC)

Requirements for safety monitoring

Voluntary informed consent

Management of data and archiving requirements

Clinical trial responsibilities of investigator, sponsor, monitor, and regulatory

authorities [1]

The significance of clinical trials in contributing to healthcare system is as conspicuous as
the improvement of the lifespan and well-being of humans through developing new medi-
cament and treatment. Also, there is a growing requirement for establishing a dynamic
management system to perform clinical studies and promote ethical trials regarding the
increasing authority [2].
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12.3.1 Institutional Review Board/Independent Ethics Committee
(IRB/IEC)

The institutional ethics committee should formulate standard operating procedures
(SOPs), which are detailed and written instructions to achieve uniformity of the perfor-
mance of a particular function. On the other hand, Institutional Review Board (IRB) as an
independent authorization gathers some scientific and nonscientific members to protect
human rights and safety of trial participants. Further, it approves and provides continuous
review of the protocol and its amendments and also monitors the processes used in
obtaining informed consent [2, 3].

Independent Ethics Committee (IEC) brings some medical and nonmedical members
to — similar to the IRB - protect rights and safety of the trial participants and also provides
public assurance of that protection. It reviews and approves desired opinion on the proto-
col, the investigator’s suitability, the facilities, and the methods and material used in docu-
menting informed consent.

It is recommended that the IRB/IEC includes at least five members whom one of them
is a nonscientific member and another one is separate from the institutional site. The IRB/
IEC should accomplish its functions according to written operating procedures, maintain
written records of the meetings, and comply with GCP or the rest of the applicable stan-
dards and guidelines [3].

An IRB/IEC should secure well-being, safety, and rights of all trial subjects (especially
vulnerable ones). Moreover, it should attain the following documents:

Trial protocol/amendments

Written informed consent form(s) and its/their updates and subject recruitment

procedures (e.g., advertisements)

Written information which is provided to subjects

Investigator’s brochure (IB)

Available safety information

Data of payments (if any) to the trial subjects and available compensation

The investigator’s resume and/or other documented evidences of qualifications

Any other documents related to the IRB/IEC responsibilities

In addition, the IRB/IEC should review and inspect the clinical trial and create a record of
the reviewed documents and set deadlines for the following items:

Approval or desired opinion

Any revisions preceding to its approval/desired opinion

Disapproval or negative opinion

Termination or suspension of any previous approval or desired opinion.

Some other responsibilities of the IRB/IEC are listed in » Box 12.1 [1, 3].

Box 12.1 Responsibilities of IRB/IEC

The RB/IEC should:

= Consider the qualifications of the investigator for the proposed trial.

== Conduct continuing review of each ongoing trial at intervals appropriate to the degree of
risk to human subjects.
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== Determine that the proposed protocol (or other documents) adequately addresses relevant
ethical concerns and meets applicable regulatory requirements, when a nontherapeutic
trial is to be carried out with the consent of the subject’s legally acceptable representative.

== Review both the amount and method of payment to subjects, and ensure that its informa-
tion is described in the informed consent.

= Retain all relevant records (e.g., written procedures, membership lists, records of meetings)
for a period of at least 3 years after completion of the trial (in case of the request from the
regulatory authority).

12.3.2 Investigator

The investigator (or the investigators) should be totally educated, trained, and experi-
enced to be responsible for conducting the trial properly. He or she should be adequately
capable regarding the GCP and applicable regulatory requirements and provide its evi-
dence. Additionally, he or she should permit sponsor’s supervision and inspection by the
regulatory authorities. A list of qualified individuals to whom the investigator has assigned
tasks should be maintained [3].

Adequate and safe medical care of subjects during the trial and ensuring the mainte-
nance of the suitable medical care and relevant follow-up procedures for a period of time
(dependent on the targeted disease, the trial features, and the interventions) are the inves-
tigator’s responsibilities. » Box 12.2 demonstrates some other responsibilities of the inves-
tigator, as summarized from the Guidelines for Good Clinical Practice (GCP) for Trials on
Pharmaceutical Products. WHO Technical Report Series, No. 850 [4].

Box 12.2 Responsibilities of the Investigator

The investigator must:

== Assure the unbiased selection and sufficient number of appropriate subjects according to
the protocol.

== Agree and sign the protocol with the sponsor, and confirm in writing that he or she will
work according to the protocol and GCP.

= Give sufficient information to subjects about the trial, and establish secure safeguards of

confidentiality of research data.

Be completely familiar with the properties, effects, and safety of the investigational new product.

Give notification of the trial to the drug regulatory authority as governed by national

regulations.

== Ensure that the proposed clinical trial has been reviewed and accepted in writing by the
relevant independent ethics committees prior to its initiation.

= Notify (documented) the relevant health authorities, the sponsor, and the ethics committee

immediately in the case of serious adverse events or reactions.

Maintain a list of qualified persons to whom he/she has delegated duties.

Inform the trial subjects, the drug regulatory authority, the ethics committee, and the

sponsor if the trial is prematurely terminated.

== Prepare and submit a final report to the drug regulatory authority after completion of the trial.

12.3.3 Sponsor

As it was mentioned in » Chap. 11, the sponsor, who establishes, finances and organizes
a clinical trial conduction, can be a pharmaceutical company, independent organiza-
tion, an individual, or the investigator [4]. Sponsor is responsible for choosing the
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investigator as well as being assured of the qualification and availability to conduct the
trial and taking into account the appropriateness and availability of the trial site and
facilities [4].

> Box 12.3 depicts some other examples of the sponsor’s responsibilities, as summa-
rized from the Guidelines for Good Clinical Practice (GCP) for Trials on Pharmaceutical
Products. WHO Technical Report Series, No. 850 [3, 4].

Box 12.3 Responsibilities of the Sponsor

The sponsor should:

== Assure the investigator’s agreement to undertake the clinical trial as described in the
protocol, and according to GCP, and to accept procedures for data recording, monitoring,
audits, and inspections.

= Provide the investigator with available chemical/pharmaceutical, toxicological, pharmaco-

logical, and clinical data (including data from previous and ongoing trials) regarding the

investigational product.

Supply the investigational new product.

Inform the investigator of any immediately relevant information on safety that becomes

available during a clinical trial.

Establish written SOPs to comply with GCP whenever warranted.

Identify, evaluate, and control risks to processes and data.

Provide adequate compensation or treatment for subjects in the event of trial-related injury

or death as required by national law or regulations.

= Appoint suitable and appropriately trained monitors and clinical research support
personnel, and provide ongoing training.

= Establish a system of quality assurance (including independent auditing) to ensure that

the coordination of the clinical trial and the generation, documentation, and reporting of

data comply with the protocol, GCP standards, and other applicable regulatory require-

ments.

Assign special forms for reporting any adverse event that occurs during the clinical trial.

Notify the investigator, ethics committee, and relevant authorities of the decision about

early termination of the trial and its reasons.

12.3.4 Monitor

The monitor, assigned by the sponsor, serves as the main communication link between the
investigator and the sponsor. Complexity of the trial and types of involved centers direct
the number of monitors needed to ensure adequate monitoring.

Not only the monitor should be properly trained and educated but also he or she
should know any aspect of the investigational new product and the protocol requirements.
Adequate medical, pharmaceutical, clinical trial experience, and scientific qualifications
are other expected requirements on the monitor [4].

The monitor controls the trial progress and the compliance of the study with the GCP,
protocol, and regulatory requirements, as the main responsibilities. More duties of the
monitor can be seen in » Box 12.4, as summarized from the Guidelines for Good Clinical
Practice (GCP) for Trials on Pharmaceutical Products. WHO Technical Report Series, No.
850 [4].
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Box 12.4 Responsibilities of the Monitor

The monitor should:

== Assess the trial site preceding the clinical trial to ensure that the facilities (including
laboratories, equipment, and staff) are adequate.

= Ensure that all staff assisting the investigator in the trial have been adequately informed

about and will comply with the details of the trial protocol.

Assist the investigator in reporting the data and results of the trial to the sponsor.

= Make sure that all case report forms (CRFs) are correctly filled out in accordance with
original observations (see P Sect. 12.4.2.1).

= Facilitate communication between the investigator and sponsor, and be available to the
investigator at all times for reporting of adverse events or consultation on other trial-
related matters.

= Give assistance to the investigator in notifying the drug regulatory authority of the clinical
trial and submitting any necessary documentation.

== Submit a written monitor report to the sponsor after each site visit and after all relevant
telephone calls, letters, and other contacts with the investigator.

12.3.5 Informed Consent

By assigning informed consent, participants confirm their involvement in a trial after get-
ting relevant information about all aspects of that. It is written, signed, and dated which
includes explanations of the objectives of the trial, its procedures, the subject’s responsi-
bilities, the possible risks and potential and predicted benefits, the expected duration of
subject’s participation, and the estimated number of them. Further, it addresses that the
subject’s identity will remain confidential after publishing the results. Additionally, it
involves anticipated payments or expenses (if any) to the subjects. The language used in
the information should be quite understandable to subjects, and they should know that
they have access to appropriate persons to get further information [3].

12.4 Provisions and Prerequisites to Proceed with a Clinical Trial

12.4.1 Justification of Clinical Research

Prior to implementing the clinical trial, some specific conditions and requirements need
to be considered. One of the most important considerations is that the specific purposes,
risks or benefits, and problems of a clinical trial be completely examined and the chosen
options be justified ethically and scientific wise. All researches which involve human sub-
jects are to be conducted in line with the ethical principles of the current version of the
Declaration of Helsinki. Evidence of safety and final clinical use of the new product should
be thoroughly provided. Also, for planning subsequent trials, information about manu-
facturing procedures and safety and efficacy of the investigational product attained in the
former and current trials is required [4]. In brief, it should be noted that the clinical trial
is designed focusing on the best standard of care as Helsinki Declaration states that the
effectivity, risks, and benefits of the new investigational treatment should overweigh those
of current available methods [5].
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Regarding patient recruitment to clinical trials, there are some critical aspects. One of
them is the potential expected benefit considered by patients when deciding to take part
in the trial. For instance, many patients participate in a study due to their difficulties in
accessing expensive treatments and diagnostics needed for their diseases. So, every patient
performs own benefit/risk evaluation, and there is the possibility that they participate
because they have limited choices [5].

Ethical concerns are another major aspect. Actually, for providing an ethical research,
seven requirements can be proposed for evaluation:

1. Social or scientific values: The research should improve health and well-being or
increase knowledge.

2. Scientific validity: Accepted scientific principles and methods must be used, and the
conduction methodology should be rigorous to generate reliable data.

3. Fair subject selection: It should not target vulnerable individuals and distribute the
risks and benefits fairly.

4. Favorable risk-benefit ratio: It should increase the predicted benefits to patients and
minimize the potential risks. Also, the possible benefits to the subjects and society
outweigh risks.

5. Independent review: It should be reviewed by individuals unafhiliated with the
research to minimize potential bias and conflicts.

6. Informed consent: It must provide the information to subjects to ensure that they are
enrolled with their authorization.

7. Respect for subjects: The individuals should be respected even when they refuse to
participate and during their participation and after it ends [6].

As it was mentioned in the previous subtitle, the investigator and sponsor should reach an
agreement on the protocol, SOPs, the monitoring and audit, and the allocation of respon-
sibilities. Obviously, the trial site should be adequate to ensure the safety and efficiency of
conducting the trial. There should be regulations governing the way of conducting studies
in countries in which clinical trials are performed and all groups involved in a trial should
be consistent with current national regulations. If there is no regulation in the country or
supplementation is required, relevant government authorities may decide to choose these
guidelines to the basis of conducting a trial [4].

12.4.2 Essential Documents for Conducting a Clinical Trial

Essential documents (e.g., informed consent, IB, and protocol) are the documents which
independently and cooperatively allow evaluation of conducting a trial and data quality.
These documents present the compliance of the sponsor, investigator, and monitor with
the GCP standards and regulatory requirements. Filling in them can assist in managing
the trial by investigator, sponsor, and monitor successfully. The regulatory authorities
inspect the essential documents to approve the validity and cogency of the trial and the
integrity of the obtained data. The documents can be divided into three categories: before,
during, and after completion of the trial. There are some documents which should be
established and recorded before the clinical phase of the trial begins, such as IB, CRF,
insurance information, and medical tests. Additionally, other papers including IB and
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CREF revisions, monitoring reports, and communications data should be added during the
trial to show that all new relevant data is archived as it becomes accessible. After the com-
pletion or early termination of the trial, some other forms (like final reports) will be added
and be in a file together with previously mentioned documents. Accordingly, tables in
Subtitles 8.2, 8.3, and 8.4 of Integrated Addendum to ICH E6 (R1): Guideline for Good
Clinical Practice E6(R2) demonstrate these different necessary documents and their pur-
poses in more detail for further information [3].

12.4.2.1 Case Report Form

The CRF is a document intended to record all the required information on trial subjects
which is mentioned in the protocol and must be reported to the sponsor [3]. The proce-
dures by which the data is collected guarantee reservation, protection, and recovery of
information and permit easy access for evaluation and verification [4].

12.4.2.2 Investigator’s Brochure

The IB is a collection of data (clinical and nonclinical) on the investigational new product
that is related to its study in human subjects [3]. It provides information about many
principal aspects of the protocol such as dose and its frequency, methods and routes of
administration, and safety monitoring procedures. It should be presented simply, objec-
tively, and also in a nonpromotional form to enable the investigator to assess the risk and
benefit of the suitability of the proposed trial in an unbiased manner. Generally, it is the
sponsor’s duty to ensure that the investigator has access to an up-to-date IB and also the
investigator should provide that to the IRB/IEC. The IB should include title page which
consists of items such as the sponsor’s name, the identity of investigational products, and
the release date. Moreover, it may include a confidentiality statement. Besides, the follow-
ing sections can be found as contents of the IB:

Table of contents

Summary

Introduction

Physical, chemical, and pharmaceutical properties and formulation

Nonclinical studies

Effects in humans

Guide and summarized data for the investigator [3].

12.5 Protocol of Clinical Study

A written protocol, which the investigator and sponsor agreed upon, is the basis of the
clinical trial. It should be noted that the subsequent changes must be agreed upon and
signed and attached to the protocol as amendments. The protocol or any other relevant
documentation should address the aim of the trial and why it should be undertaken on
humans, the risks, and the means for ensuring that the subjects are informed. Also, it
should be reviewed from a scientific and ethical standpoints by review bodies indepen-
dent of the investigator and sponsor [4]. The contents of a trial protocol include the fol-
lowing topics:
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12.5.1 General Information

The general information should include protocol title, identifying number and date, name
and address of the sponsor and monitor, name and title of the investigator, and address
and telephone number of the trial sites and similar information.

12.5.2 Background and Summary

It consists of the name and description of the investigational products. Findings from
relevant clinical trials and significant nonclinical studies should be summarized and
addressed. Descriptions of the target population and the route of administration and a
statement about conducting the trial in compliance with protocol, GCP, and other regula-
tory requirements need to be included. Furthermore, a précis of the detected and possible
risks and benefits to human subjects is required.

12.5.3 Objectives and Design of the Trial

Objectives and purpose of the trial should be described in detail. The trial design, which
provides the trial integrity and the data credibility, should include type of the trial and a
flowchart of the trial design, primary and secondary endpoints to be detected, the actions
done to prevent bias, treatment, and dosage and regimen of the investigational new prod-
ucts, the expected period of participation, and duration of all study processes and stop-
ping rules.

12.5.4 Inclusion and Exclusion Criteria

This section introduces subject inclusion, exclusion, and withdrawal criteria which some
of their points are when and how to withdraw subjects and replace them, the type, and
schedule of data which need to be collected for withdrawn subjects.

12.5.5 Treatment and Intervention

Treatments should be described focusing on the names of all products, dosing program,
route of administration, and the treatment periods. Also, permitted and not permitted
medicines before and during the trial and procedures for monitoring subject compliance
need to be determined.

12.5.6 Safety and Efficacy Evaluation

Safety and efficacy parameters and their assessing, recording, and analyzing methods
should be specified.
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Further, statistics, direct access to source data, quality control and assurance, ethics,
data processing and record maintenance, financing and insurance, publication policy, and
supplements are noted in ICH-GCP E6(R2) [3].

12.6 Risk Management

Risk management should follow the rules and frameworks of international, national, or
regional authorities. However, they may differ regarding to specific situations. The frame-
works consist of some tenets such as the responsibilities for running the risk management,
definition of the approaches to evaluate the quality of the risk management, and recogni-
tion of the relationship between a special phase of the trial and other parts of the process.

Additionally, risk management has different parts including risk assessment (explained
in » Chap. 10), risk treatments which aim to decrease the risks by eradicating them or
attaining an adequate level, and risk review. Risk review, as a crucial part, has some
objectives:

Testing to confirm the efficacy and effectiveness of the Investigational New Drugs

(INDs)

Revising the plan and design of risk management in order to improve the quality and

fulfill the needs [7]

12.7 Challenges and Future Direction

GCP guidelines, protocol, and other requirements pose some challenges and obstacles
which are briefly mentioned:
Time management: Estimating and managing the assessment process timing is of
great importance, and the assessment must be done before the medical device (MD)
is distributed.
Acceptability: In order to reduce the execution bias and protocol deviations, an
expertise-based randomized clinical trial can be done.
Blinding: It may be complete or partial, and its assessment should be possible in the
procedure.
Comparison: The comparators should be selected based on standards and evidences
related to the investigational treatment. It should be considered that more than one
comparator may be needed.
Learning effect: The learning phase and experience (before and required during the
study) must be considered to evaluate any possible relevant benefit.
Transparency: The results and the protocol of the study should be clearly illustrated
and publicly available.
Regulatory and ethical requirements: There should be available information on
regulatory and ethical requirements in MD studies which might be county specific
(8, 9].
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— Take-Home Messages

== GCP guidelines play an important role in providing harmonization for conduct-
ing trials all around the world.

== GCP guideline includes major stakeholders like investigator, sponsor, monitor,
regulatory authorities, and IRB/IEC which are responsible for conducting and
managing the trial.

== Before conducting the trial, it must be justified, and different aspects need to be
considered. Besides, there are some documents like the investigator’s brochure
which are required to be prepared before, during, and after the trial.

== The clinical trial protocol is the basis of clinical trial, and it identifies the aim of
the study and some issues like the trial design and assessment of safety and
efficacy.

== Risk management is designed to improve the quality of the trials and fulfill the
requirements.

== Despite all benefits of GCP guidelines, there are still some challenges and obsta-
cles which need to be taken into account.
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Online Resources

Clinical investigation of medical devices for human subjects—good clinical practice: https://www.iso.org/
standard/45557.html.

Handbook for good clinical research practice.: https://www.who.int/medicines/areas/quality_safety/
safety_efficacy/gcp1.pdf.

Integrated Addendum to ICH E6(R1): Guideline for Good Clinical Practice E6(R2). 2016.: https://www.ich.
org/products/guidelines/efficacy/efficacy-single/article/integrated-addendum-good-clinical-
practice.html.

WHO-GCP guideline: https://apps.who.int/medicinedocs/en/d/Jwhozip13e/7.4.html.
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13.1 What You Will Learn in This Chapter

The importance of research ethics

The key terms and concepts relating to the research ethics particularly in biomedicine
through a conceptual framework

The history of research ethics

The origin, structure, and function of research ethics committee

The ethical considerations concerning the use of animals in biomedical research

The ethical considerations about human dignity and right in biomedical research in
terms of informed consent, privacy, confidentiality, and use of placebo

The ethical considerations focusing on vulnerable groups

13.2 Rationale and Importance

The importance of ethics can be perceived considering the immorality in terrible history
of several projects in the field of biomedical research (e.g., Tuskegee, Willowbrook,
Milgram, Stanford Prison, etc.). Tuskegee Syphilis Study, for instance, is conducted by the
U.S. Public Health Service (1932-1972). In this study, 400 subjects out of 600 African-
American males from a low social economic population were infected with syphilis and
observed for 40 years. Free medical check-up was given; however, participants were not
aware of their disease. Even though a proven treatment such as penicillin was available in
the 1950s, the study continued until 1972 and subjects did not receive treatment. In some
cases, when other physicians diagnosed that the participants had syphilis, researchers
intervened to stop the treatment. During the research study, many participants died of
syphilis. Finally, the study ended in 1973 by the US Department of Health, Education, and
Welfare after disclosing its details and a political embarrassment. In 1997, President
Clinton under mounting pressure apologized to the study subjects and their families.
Because of the advertising from the Tuskegee Syphilis Study, the National Research Act of
1974 was legislated in the United States [1].

How studies such as Tuskegee had been morally justified for physicians and research-
ers and continued for four decades? How they had not found intuitionally unfairness in
such cases?

Although the value of modern medicine rests mainly on scientific research related to
the causes of disease, innovative therapies, and so forth, biomedical research is consid-
ered to be an area of ethical risk particularly associated with exposing patients or healthy
volunteers to a serious harm. In addition, participants demand autonomy to decide on
what procedures they are ready to accept more than past [2]. Moreover, communities
and experts became more sensitive to the possible effects of biomedical research on the
environment, next generations, and animals involved in those researches, as well as the
reliability and credibility of research findings. Consequently, this atmosphere has
increased importance of strict regulations designed to guarantee that studies on humans
and animals keep up ethical and scientific standards. In this chapter, we have reviewed
the most prominent concepts, principles, and concerns of ethical reflection on biomedi-
cal research.
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13.3 Conceptual Framework of Research Ethics in Biomedicine

Research ethics as the generic concept governs the standards of conduct for scien-
tific researchers. Research ethics was first and foremost developed as a concept in
medical research; it has been extended to other fields such as social sciences, informa-
tion technology, engineering, and so forth. Research ethics be mainly discussed in
basic principles such as minimizing the risk of harm, obtaining informed consent, pro-
tecting anonymity and confidentiality, avoiding deceptive practices, and providing the
right to withdraw [3, 4]. Research ethics, also, is distinguished from publication ethics.
Whereas research ethics focuses on standards protecting the right of human partici-
pants or animals involved in research, publication ethics focuses on standards ensuring
public trust in scientific findings, high-quality scientific publications, and people who
receive credit for their ideas. In other words, publication ethics are standards to guar-
antee the research integrity (scientific integrity, or academic integrity). Accordingly,
scientific integrity ensures values and practices such as objectivity, clarity, reproduc-
ibility, maintenance of academic standards, honesty and rigor in academic publishing,
and utility. The violation of scientific integrity is defined as scientific misconduct.
Scientific misconduct includes disvalues and malpractices in professional scientific
research or academic area such as fabrication, bias, plagiarism, falsification, censor-
ship, inadequate procedural, outside interference, and information security. All par-
ticipants in academic research area, for example, authors, editors, reviewers of journals,
research institutions, and even uninvolved scientific colleagues, are responsible for
research and publication ethics [5-11].

13.4 Philosophy of Research Ethics in Biomedicine

Ethics deals with moral duties, principles, values, virtues, and the idea of right and fair-
ness without any harm. It also deals with fundamental questions such as “What is the
right action?”, “How should I live?”, “What kind of person should I be?”, “What is justice?”,
and “What is fairness?”. All voluntary and nonmandatory (not commanded by authority)
actions of a human being fall within the broad scope of ethical reflections. Ethics as a
discipline belongs originally to the subdiscipline of the moral philosophy. Normative eth-
ics seeks the way of reasoning that can be applied to a wide variety of situations. On the
other hand, biomedical research ethics is assumed as a branch of applied ethics. Therefore,
a rich and complex history of methods developed in normative ethics has been used for
ethical reasoning in biomedicine [12]. The theory of four principles is the most well-
known method for ethical reflections in biomedical research ethics. It includes the prin-
ciples of “respect for autonomy, “beneficence;,” “non-maleficence,” and “justice” This
theory, developed by two American philosophers (Beauchamp and Childress), is a
method for systematic reflection on moral principles and their relevance for determining
an optimal course of action in biomedicine by weighing and balancing the claim of these
competing principles whenever they are applied. Respect for autonomy is based on the
right of individuals to develop their own life plans and make their own choices. Non-
maleficence necessitates avoiding harm to patients or their best interests. Beneficence
calls us for doing goods that led to further patient’s interest, and finally, justice mainly
demands that medical goods and services need to be distributed fairly [13]. The key con-
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cepts of research ethics like informed consent or rules such as minimizing the risk of
harm (as mentioned below) have been originated from those principles. To be specific,
informed consent has originated from respect for autonomy and minimizing the risk of
harm from non-maleficence [14].

According to a study by Avashti et al., [15] principles of ethics in medical research
which are derived from the theory of four principles can be summarized in the following
points:

1. Essentiality of research

Voluntariness, informed consent, and community agreement
Nonexploitation

Privacy and confidentiality

Risk minimization and precaution

Professional competence

Accountability and transparency

Maximization of the public interest and distributive justice

. Public domain

10. Totality of responsibility

00N U W

13.5 History of Research Ethics

A well-known chapter in the history of research with human subjects opened in 1946
when an American military tribunal commenced criminal proceedings against several
German physicians and managers for handling medical experiments on thousands of
prisoners without getting their consent. Most of the participants of these experiments
were permanently crippled or died because of those experiments. Subsequently, in 1948,
the Nuremberg Code was established, stating that participants have voluntary consent and
also the advantages of research must outweigh the risks. This Code was the first interna-
tional document which supported voluntary participation and informed consent (See
Appendix 1) [16]. The World Medical Association, in 1964, developed guidance for medi-
cal practitioners who involved in studies on human participants (the Declaration of
Helsinki) [17-19] to govern research ethics and provide some regulations for investiga-
tional healthcare and nontherapeutic studies. Subsequently, this approach led to the basis
of good clinical practices (GCPs), which is discussed in » Chap. 11 comprehensively [20].
Moreover, it was revised in 1975 as introducing the notion of research ethics committee
(REQC), as discussed in the next section. Revisions continued until the last revision in 2013,
by 64th meeting of the World Medical Association (WMA) [17] (See Appendix 2).
Subsequently, the National Commission for the Protection of Human Subjects of
Biomedical and Behavioral Research provides the next set of research ethics guidelines in
the Belmont Report of 1979. The primary purpose of Belmont report is to protect partici-
pants in clinical trials or research studies and outlines:
1. Ethical principles and issues for performing research on human participants
2. Boundaries between medical practices and researches
3. The ideas of respect for beneficence, persons, and justice
4. The use of these principles in evaluating subject selection (justice), informed consent
(respect for persons), and risks and benefits (beneficence) [21].

13



13

136

H. Moosapour et al.

13.6 Research Ethics Committee

REC is an institution for ensuring that proposed studies obey internationally and locally
accepted ethical guidelines. Terms such as independent ethics committee (IEC) or institu-
tional review board (IRB) are interchangeably used for REC. RECs have the right to accept,
refuse, or withdraw studies or if necessary modify research protocols. All research projects
especially experimental ones must receive the official permission of the ethical committee
before starting the study. It is completely unethical to enroll any patient before getting
officially authorized. RECs also control studies once they have started and, where relevant,
take part in follow-up action and surveillance after the end of the research which should
be held on a regular period of time. Furthermore, they may set some policies or offer
options on ongoing ethical issues in research. The basic logic behind the institution of
REC is to protect participants’ rights and prefer their interests through a process of team
decision-making. Therefore, RECs need a combination of impartial members with proper
knowledge and experience for scientific and ethical judgment on research projects. They
have to be a combination of experts and non-experts in biomedicine (as a representative
of society) and both female and male members. Also, it is required that at least one mem-
ber would not be affiliated to the institution submitting the project. The list of committee
members and their full identity must be clear and publicly available. The main functions
of RECs include identifying and weighing up the risks and potential benefits of research,
evaluating the process and materials (printed documents and other exact details) that will
be used for seeking participants, complete identity of the researchers, budget provider of
the study, informed consent which means assessing the recruitment process and any
incentives that will be given to participants, confidentiality and the adequacy of confiden-
tiality protections and predicted strategies, assessment of any effects of the study on treat-
ing disease or causing any harm, and compensation agreement [2, 11, 22].

13.7 Research Ethics in the Use of Animals in Biomedicine

Animal research is an essential step in biomedical research process because it is usually
the first step toward research involving new medical treatments and pharmaceuticals
intended for human use. The number of animals used in research has been estimated at
17-70 million animals per year generally, but other sources like Hendee, Fox, and Orlans
estimate somewhere between 20 and 35 million. However, using animals for biomedical
research is one of the most debated issues [23]. The proponents’ utilitarian argument is
based on the claim that promoting human health and welfare as the ends justifies animal
research as the means. Opponents offer two types of critiques, moral and scientific or
technical ones. The former argue the ends cannot justify the means by using two concepts:
ethical status and animal rights. The latter argue that the means are not effective to that
ends. The moral critiques begun from the nineteenth century as Jeremey Bentham and
John Stuart Mill argued that animals deserve moral consideration because they can suffer.
Then, the notions of animal’s welfare and animal rights formed bases for a modern move-
ment gained strength in the twentieth century. The technical critiques resulted in the pro-
posed principles of replacement, reduction, refinement, relevance, and redundancy
avoidance (described in » Chap. 5) in animal researches [11].

To ensure that research on animals is conducted ethically and responsibly, associations
and guidelines for the protection of animal rights are developed (see Appendix 3 which
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represents guidelines developed by the American Psychological Association (APA) for use
by psychologists working with nonhuman animals) [24]. Ethical considerations of animal
research in this guideline have been classified in ten categories, including general, person-
nel, facility, care and housing of animals, justification of the research, experimental design,
experimental procedures, animal acquisition, field research, educational benefits of the
use of animals, and animal disposition.

13.8 Research Ethics Involving Human Experiments

Ethical issues in research on human participants focus on various topics from voluntary
participation in research to fair selection and justice. This variety makes these ethical
issues a challenge but important charge. Among them, some of the relevant and important
topics regarding ethical concerns in clinical studies for the development of biomedical
products including informed consent, privacy and confidentiality, and the use of placebo
in clinical trials will be discussed in the following.

13.8.1 Informed Consent

Informed consent is a fundamental and thoughtful process (not merely a form) with
respect to the autonomy of participants to ensure that their enrollment in the study and
continuing participation in studies is an informed and voluntary act. It usually must be
explicit, specific, and documented by using a written, signed, and dated form (not implicit,
general, or verbal). It also includes study information and focuses on comprehension and
voluntary participation. Study information means that it is crucial to disclose all the infor-
mation, possible risks regardless of the effects on participants’ willingness to participate or
not, the purpose of the study, benefits, and any available alternative diagnostic or thera-
peutic options and finally give them the opportunity to ask any questions. In addition,
comprehension refers to the mental capacity of participants and level of their understand-
ing of the study, its purpose and benefits, as well as their ability to cooperate with the
researchers during the study.

Finally, voluntary participations refer to participant’s exercise of free will in deciding
whether to take part in research activity. Participants must be neither coerced nor improp-
erly pressured from any participant. For fully voluntary participations, it is required to
prevent participants from feeling deceived, persuaded, exploited, shamed, abused, coerced,
or otherwise wronged by researchers. As a result, research on human subjects where they
do not have the capacity to consent (such as children, patients need to get an emergency
treatment, and critically ill, mentally impaired, demented, or unconscious patients) or do
not have the rights to refuse (in spite of having the capacity to consent) (e.g., soldiers,
institutionalized persons, and prisoners) can be challenging [25-28].

13.8.2 Privacy and Confidentiality

Privacy and confidentiality are two concepts often mistaken to be the same thing. However,
they are referred to related but not identical concepts, particularly from an ethical or legal
standpoint. Privacy concerns people, whereas confidentiality concerns data. Privacy refers
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to people’s desire to control the access of others to personal matters and personal informa-
tion (e.g., the access of a researcher to their body for physical examinations or to their
personal information). Confidentiality refers to the duty of anyone entrusted with infor-
mation to keep that information private (e.g., duty of a researcher to keep participants’
information private and not tell others including co-workers or family without permis-
sion). Since the information gathered from people in biomedical studies has the potential
to be embarrassing, harmful, or damaging, it is necessary that research proposals outline
strategies to protect privacy and maintain confidentiality [11].

13.8.3 Use of Placebo in Clinical Trials

A placebo is an inert treatment that does not have an active drug ingredient but still has a
therapeutic effect (placebo effect). Further, the most studies have shown a strong placebo
effect. The effectiveness of these kinds of drugs can be seen even when people are told they
are being given a placebo (although their effect is more when people are not told).

In clinical trials, researchers use placebos to distinguish whether a new drug works
better compared to an inactive alternative. The most reliable clinical trials use a “double-
blinded” approach. In this strategy, neither participants nor the person giving them the
drug knows that they may be given a placebo or a drug. At first sight, there are not any
ethical issues with applying placebos in clinical trials, assuming participants have been
properly informed and given consent, but the ethics of placebo in clinical practice is rather
intricate in some cases.

— Take-Home Messages

= The standards of research ethics mainly focus on the protection of human par-
ticipants and animals in health-related researches.

== Publication ethics should guarantee the high quality of scientific dissemination
and research integrity.

== Scientific misconduct is the contravention of scientific integrity which includes
malpractices in professional scientific research or academic area.

== The four-principle approach in biomedical ethics includes non-maleficence,
beneficence, respect for autonomy, and justice.

== The main aim of Belmont Report which was conducted in 1979 is protecting par-
ticipants in clinical trials or research studies.

== Research ethics committee (REC) is an institution for reviewing research proto-
cols to ensure proposed studies obey ethical guidelines and identify the poten-
tial risks and benefits of research.

== Research ethics helps scientists to minimize the risk of harm to human subjects
and animals.

== Guidelines for protecting the animal rights should be developed based on avoid-
ing unnecessary suffering on animals and also controlling the use of animals in
research.

= The principles of ethical research involving human subjects cover all aspects
of a clinical study from voluntary participation in research to fair selection and
justice.
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= |nformed consent is an essential and thoughtful process in accordance with
respect to human rights. It also guarantees that their participation in research is
informed and voluntary.

== Researchers are responsible for respecting participant’s privacy and also keeping
their information confidentially.

== The use of placebo should not make the patient deprived of an effective treat-
ment.

== \/ulnerable groups should be involved in research only if the study is for the ben-
efit of them.

= |t is essential to consider the ethical aspects of using excess tissue or blood of
patients for research purposes.

= The more complexity of research leads to more challenges.

The use of placebo is ethically provided that participating in a study does not make the
patient deprived of an effective treatment, according to Helsinki Declaration articles:
Every patient even those of a control group in any medical study should be assured the
best proven diagnostic and therapeutic approach is being used for them and this does not
eliminate the use of inert placebo in studies where no proven diagnostic or therapeutic
approach exists [2, 17-20].

13.9 Research Ethics on Vulnerable Groups

Sometimes, people are not able to provide informed consent. These groups named as vul-
nerable groups such as neonates, infants, pregnant women, children in the age group with
a relative understanding of the subject, people with learning disabilities, patients with
severe psychiatric disorders and prisoners. Therefore, special ethical concerns exist in
research on these cases, in addition to the general concerns of medical research ethics.
While the ethical considerations for each of the mentioned groups can be different, a com-
mon principle is that these people can participate in a research if only the researcher and
REC assure that the research cannot be done on an adult group in other healthy ways
because it is needed to design the study for the benefit of them. For instance, research on
children is inevitable for several reasons including children have their own disease, the
appropriate dose of a drug in children is not the same as those in adults, and children can
be more sensitive to adverse effects of a drug [2, 11, 29].

13.10 Research Ethics in Special Areas

There are some distinct areas of experimental research with special ethical considerations
which include research on excess blood and other tissues of patients, research on genetics
and gene therapy, and research on embryo and stem cell. For example, while using the
excess amounts of blood and other tissues for research is primarily sound, it is essential to
consider the ethical aspects of this process. In every practice, taking a few more drops of
blood because of the probability of additional or repeated tests or removing extra tis-
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sue surrounding a tumor as a precaution is usual. However, if excess tissue or blood is
provided only for research purposes, it is obvious that consent must be obtained from the
patient. Furthermore, sometimes these tissues may be used in the future for special pur-
poses that patients may oppose them. In this case, it is important to obtain informed
consent from the patient in these situations. For example, if the placenta may be used for
the development of the new abortion drug in the future, the written consent of the patient
is mandatory [2].

13.11 Challenges and Future Perspectives

This chapter focuses on major ethical issues in biomedical researches. Nowadays, complex
fields of science such as OMICs and biobanking and also the wide spectrum of precision
medicine investigations have opened a new horizon with its particular ethical consider-
ations. Accordingly, based on the huge data extracted from the mentioned novel and com-
plex fields, protecting privacy and confidentiality have become more challenging [30-32].

Appendix 1. The Nuremberg Code (1947)

1. The voluntary consent of the human subject is absolutely essential. This means that
the person involved should have legal capacity to give consent, should be so situated
as to be able to exercise free power of choice, without the intervention of any element
of force, fraud, deceit, duress, overreaching, or other ulterior form of constraint or
coercion; and should have sufficient knowledge and comprehension of the elements
of the subject matter as to enable him to make an understanding and enlightened
decision. This latter element requires that before the acceptance of an affirmative
decision by the experimental subject there should be made known to him the nature,
duration, and purpose of the experiment; the method and means by which it is to be
conducted; all inconveniences and hazards reasonably to be expected; and the effects
upon his health or person which may possibly come from his participation in the
experiment. The duty and responsibility for ascertaining the quality of the consent
rests upon each individual who initiates, directs, or engages in the experiment. It is a
personal duty and responsibility which may not be delegated to another with
impunity.

2. The experiment should be such as to yield fruitful results for the good of society,
unprocurable by other methods or means of study, and not random and unnecessary
in nature.

3. The experiment should be so designed and based on the results of animal experimen-
tation and a knowledge of the natural history of the disease or other problem under
study that the anticipated results justify the performance of the experiment.

4. The experiment should be so conducted as to avoid all unnecessary physical and
mental suffering and injury.

5. No experiment should be conducted where there is an a priori reason to believe that
death or disabling injury will occur; except, perhaps, in those experiments where the
experimental physicians also serve as subjects.

6. The degree of risk to be taken should never exceed that determined by humanitarian
importance of the problem to be solved by the experiment.



141
Ethical Considerations of Biomedical Product Development

7. Proper preparations should be made and adequate facilities provided to protect the
experimental subject against even remote possibilities of injury, disability or death.

8. The experiment should be conducted only by scientifically qualified persons. The
highest degree of skill and care should be required through all stages of the experi-
ment of those who conduct and engage in the experiment.

9. During the course of the experiment the human subject should be at liberty to bring
the experiment to an end if he has reached the physical or mental state where
continuation of the experiment seems to him to be impossible.

10. During the course of the experiment the scientist in charge must be prepared to
terminate the experiment at any stage, if he has probable cause to believe, in the
exercise of good faith, superior skill and careful judgment required of him, that a
continuation of the experiment is likely to result in injury, disability, or death to the
experimental subject.

Appendix 2. Declaration of Helsinki (1975)

Adopted by the 18th WMA General Assembly Helsinki, Finland, June 1964 and amended
by the 29th WMA General Assembly, Tokyo, Japan October 1975.

Introduction

It is the mission of the medical doctor to safeguard the health of the people. His or her
knowledge and conscience are dedicated to the fulfilment of this mission.

The Declaration of Geneva of the World Medical Association binds the doctor with the
words: “The health of my patient will be my first consideration, and the International Code
of Medical Ethics declares that ‘Any act or advice which could weaken physical or mental
resistance of a human being may be used only in his interest’

The purpose of biomedical research involving human subjects must be to improve
diagnostic, therapeutic and prophylactic procedures and the understanding of the etiol-
ogy and pathogenesis of disease.

In current medical practice, most diagnostic, therapeutic or prophylactic procedures
involve hazards. This applies a fortiori to biomedical research.

Medical progress is based on research which ultimately must rest in part on experi-
mentation involving human subjects. In the field of biomedical research, a fundamental
distinction must be recognized between medical research in which the aim is essentially
diagnostic or therapeutic for a patient, and medical research the essential object of which
is purely scientific and without direct diagnostic or therapeutic value to the person sub-
jected to the research.

Special caution must be exercised in the conduct of research which may affect the
environment, and the welfare of animals used for research purposes must be respected.

Because it is essential that the results of laboratory experiments be applied to human
beings to further scientific knowledge and to help suffering humanity, the World Medical
Association has prepared the following recommendations as a guide to every doctor in
biomedical research involving human subjects. They should be kept under review in the
future. It must be stressed that the standards as drafted are only a guide to physicians all
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over the world. Doctors are not relieved from criminal, civil and ethical responsibilities
under the laws of their own countries.

| Basic principles

1.

10.

Biomedical research involving human subjects must conform to generally accepted
scientific principles and should be based on adequately performed laboratory and
animal experimentation and on a thorough knowledge of the scientific tradition.
The design and performance of each experimental procedure involving human
subjects should be clearly formulated in an experimental protocol which should be
transmitted to a specially appointed independent committee for consideration,
comment, and guidance.

Biomedical research involving human subjects should be conducted only by scientifi-
cally qualified persons and under the supervision of a clinically competent medical
person. The responsibility for the human subject must always rest with a medically
qualified person and never rest on the subject of the research, even though the
subject has given her consent.

Biomedical research involving human subjects cannot legitimately be carried out
unless the importance of the objective is in proportion to the inherent risk to the
subject.

Every biomedical research project involving human subjects should be preceded by
careful assessment of predictable risks in comparison with foreseeable benefits to the
subject or to others. Concern for the interests of the subject must always prevail over
the interest of science and society.

The right of the research subject to safeguard his or her integrity must always be
respected. Every precaution should be taken to respect the privacy of the subject and
to minimize the impact of the study on the subject’s physical and mental integrity
and on the personality of the subject.

Doctors should abstain from engaging in research projects involving human subjects
unless they are satisfied that the hazards involved are believed to be predictable.
Doctors should cease any investigation if the hazards are found to outweigh the
potential benefits.

In publication of the results of his or her research, the doctor is obliged to preserve
the accuracy of the results. Reports of experimentation not in accordance with the
principles laid down in this declaration should not be accepted for publication.

In any research on human beings, each potential subject must be adequately
informed of the aims, methods, anticipated benefits and potential hazards of the
study and the discomfort it may entail. He or she should be informed that he or she is
at liberty to abstain from participation in the study and that he or she is free to
withdraw his or her consent to participation at any time. The doctor should then
obtain the subject’s freely given informed consent, preferably in writing.

When obtaining informed consent for the research project, the doctor should be
particularly cautious if the subject is in a dependent relationship to him or her or
may consent under duress. In that case, informed consent should be obtained by a
doctor who is not engaged in the investigation and who is completely independent of
this official relationship.
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11. In cases of legal incompetence, informed consent should be obtained from the legal
guardian in accordance with national legislation. Where physical or mental incapac-
ity makes it impossible to obtain informed consent, or when the subject is a minor,
permission from the responsible relative replaces that of the subject in accordance
with the national legislation.

12. The research protocol should always contain a statement of ethical consideration
involved and should indicate that the principles enunciated in the present declaration
are complied with.

Il Medical research combined with professional care (clinical
research)

1. In the treatment of the sick person, the doctor must be free to use a new diagnostic
and therapeutic measure, if in his or her judgment it offers the hope of saving life,
re-establishing health or alleviating suffering.

2. 'The potential benefits, hazards and discomfort of a new method should be weighed
against the advantages of the best current diagnostic and therapeutic methods.

3. Inany medical study, every patient - including those of a control group, if any -
should be assured of the best proven diagnostic and therapeutic method.

4. The refusal of the patient to participate in a study must never interfere with the
doctor-patient relationship.

5. If the doctor considers it essential not to obtain informed consent, the specific
reasons for this proposal should be stated in the experimental protocol for transmis-
sion to the independent committee.

6. The doctor can combine medical research with professional care, the objective being
the acquisition of new medical knowledge, only to the extent that medical research is
justified by its potential diagnostic or therapeutic value for the patient.

Il Non-therapeutic biomedical research involving human
subjects (non-clinical biomedical research)

1. In the purely scientific application of medical research carried out on a human being,
it is the duty of the doctor to remain the protector of the life and health of that
person on whom biomedical research is carried out.

2. 'The subjects should be volunteers - either healthy persons or patients for whom the
experimental design is not related to the patient’s illness.

3. The investigator or the investigating team should discontinue the research if in his/
her or their judgment it may, if continued, be harmful to the individual.

4. Inresearch on man, the interest of science and society should never take precedence
over considerations related to the well-being of the subject.
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Appendix 3. Guidelines for Ethical Conduct in the Care and Use
of Animals

Developed by the American Psychological Association's Committee on Animal Research
and Ethics (CARE)!

l. General

A.

In the ordinary course of events, the acquisition, care, housing, use, and disposition
of animals should be in compliance with relevant federal, state, local, and institu-
tional laws and regulations and with international conventions to which the United
States is a party. In accordance with Principle 3(d) of the Ethical Principles of
Psychologists of APA, when federal, state, provincial, organizational, or institutional
laws, regulations, or practices are in conflict with Association Guidelines, psycholo-
gists should make known their commitment to Association Guidelines and, when-
ever possible, work toward resolution of the conflict.

. Psychologists and students working with animals should be familiar with these

Guidelines, which should be conspicuously posted in every laboratory, teaching
facility, or other setting in which animals are maintained and used by psychologists
and their students.

Violations of these Guidelines should be reported to the facility supervisor whose
name is appended at the end of this document. If not resolved at the local level,
allegations of violations of these Guidelines should be referred to the APA Commit-
tee on Ethics, which is empowered to impose sanctions. No psychologists should take
action of any kind against individuals making, in good faith, a report of violation of
these Guidelines.

Individuals with questions concerning these Guidelines should consult with the
Committee on Animal Research and Experimentation.

Psychologists are strongly encouraged to become familiar with the ethical principles
of animal research. To facilitate this, the Committee on Animal Research and
Experimentation will maintain a list of appropriate references.

Il. Personnel

A.

A supervisor, experienced in the care and use of laboratory animals, should closely
monitor the health, comfort, and humane treatment of all animals within the
particular facility.

Psychologists should ensure that personnel involved in their research with animals be
familiar with these Guidelines.

. It is the responsibility of the supervisor of the facility to ensure that records of the

accession, utilization, and disposition of animals are maintained.

The following text is quoted exactly from: American Psychological Association. Guidelines for ethical
conduct in the care and use of animals. Journal of the Experimental Analysis of Behavior. 1986
Mar;45(2):127.
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D.

A veterinarian should be available for consultation regarding: housing, nutrition,
animal-care procedures, health, and medical attention. The veterinarian should
conduct inspections of the facility at least twice a year.

Psychologists should ensure that all individuals who use animals under their supervi-
sion receive explicit instruction in experimental methods and in the care, mainte-
nance, and handling of the species being studied. Responsibilities and activities of all
individuals dealing with animals should be consistent with their respective compe-
tencies, training and experience in either the laboratory or the field setting.

It is the responsibility of the psychologist to ensure that appropriate records are kept
of procedures with animals.

. It is the responsibility of the psychologist to be cognizant of all federal, state, local,

and institutional laws and regulations pertaining to the acquisition, care, use, and
disposal of animals. Psychologists should also be fully familiar with the NIH Guide
for the Care and Use of Laboratory Animals.

I1l. Facilities

A.

B.

The facilities housing animals should be designed to conform to specifications in the
NIH Guide for the Care and Use of Laboratory Animals.

Psychologists are encouraged to work toward upgrading the facilities in which their
animals are housed.

Procedures carried out on animals 128 APA GUIDELINES are to be reviewed by a
local institutional animal care and use committee to ensure that the procedures are
appropriate and humane. The committee should have representation from within the
institution and from the local community. If no representative from the local commu-
nity is willing to serve, there should be at least one representative on the committee
from a non-science department. In the event that it is not possible to constitute an
appropriate local institutional animal care and use committee, psychologists should
submit their proposals to the corresponding committee of a cooperative institution.

IV. Acquisition of Animals

A.

B.

When appropriate, animals intended for use in the laboratory should be bred for that
purpose.

Animals not bred in the psychologist’s facility are to be acquired lawfully. The

U.S. Department of Agriculture (USDA) may be consulted for information regarding
suppliers.

Psychologists should make every effort to ensure that those responsible for transport-
ing the animals to the facility provide adequate food, water, ventilation, and space,
and impose no unnecessary stress upon the animals.

. Animals taken from the wild should be trapped in a humane manner.

Endangered species or taxa should be utilized only with full attention to required
permits and ethical concerns. Information can be obtained from the Office of
Endangered Species, U.S. Department of the Interior, Fish and Wildlife Service,
Washington, D.C. 20240. Similar caution should be used in work with threatened
species or taxa.

13
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V. Care and Housing of Animals

Responsibility for the conditions under which animals are kept, both within and outside
of the context of active experimentation or teaching, rests jointly upon the psychologist
and those individuals appointed by the institution to administer animal care. Animals
should be provided with humane care and healthful conditions during their stay in the
facility. Psychologists are encouraged to consider enriching the environments of their
laboratory animals, where appropriate.

VI. Justification of the Research

A.

Research should be undertaken with a clear scientific purpose. There should be a
reasonable expectation that the research will a) increase knowledge of the pro-
cesses underlying the evolution, development, maintenance, alteration, control, or
biological significance of behavior, b) increase understanding of the species under
study, or ¢) provide results that benefit the health or welfare of humans or other
animals.

. The scientific purpose of the research should be of sufficient potential significance as

to outweigh any harm or distress to the animals used. In this regard, psychologists
should act on the assumption that procedures that would produce pain in humans
will also do so in other animals.

. The psychologist should always consider the possibility of using alternatives to

animals in research and should be familiar with the appropriate literature.

Research on animals may not be conducted until the protocol has been reviewed by
the institutional animal care and use committee to ensure that the procedures are
appropriate and humane.

The psychologist should monitor the research and the animals’ welfare throughout
the course of an investigation to ensure continued justification for the research.

VIIl. Experimental Design

Humane considerations should constitute one of the major sets of factors that enter into
the design of research. Two particularly relevant considerations should be noted:

1.

The species chosen for study should be well-suited to answer the question(s) posed.
When the 129 APA GUIDELINES research paradigm permits a choice among
species, the psychologist should employ that species which appears likely to suffer
least.

The number of animals utilized in a study should be sufficient to provide a clear
answer to the question(s) posed. Care should be exercised to use the minimum
number of animals consistent with sound experimental design, especially where the
procedures might cause pain or discomfort to the animals.
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VIil. Experimental Procedures

Humane consideration for the wellbeing of the animal should be incorporated into the
design and conduct of all procedures involving animals. The conduct of all procedures is
governed by Guideline VI.

A.

Procedures which involve no pain or distress to the animal, or in which the animal is
anesthetized and insensitive to pain throughout the procedure and is euthanized
before regaining consciousness, are generally acceptable.

Procedures involving more than momentary or slight pain not relieved by medica-
tion or other acceptable methods, should be undertaken only when the objectives of
the research cannot be achieved by other methods.

Procedures involving severe distress or pain that is not alleviated require strong
justification. An animal observed to be in a state of severe distress or chronic pain
that cannot be alleviated and that is not essential to the purposes of the research,
should be euthanized immediately.

When aversive or appetitive procedures appear to be equivalent for the purposes of
the research, then appetitive procedures should be used. When using aversive
stimuli, psychologists should adjust the parameters of stimulation to levels that
appear minimal, though compatible with the aims of the research. Psychologists are
encouraged to test painful stimuli on themselves whenever reasonable. Whenever
consistent with the goals of the research, consideration should be given to providing
the animal with control of painful stimulation.

Procedures involving extensive food or water deprivation should be used only when
minimal deprivation procedures are inappropriate to the design and purpose of the
research.

Prolonged physical restraint should be used only if less stressful procedures are
inadequate to the purposes of the study. Convenience to the psychologist is not a
justification for prolonged restraint.

Procedures that entail extreme environmental conditions, such as high or low
temperatures, high humidity, modified atmospheric pressure, etc. should be under-
taken only with particularly strong justification.

. Studies entailing experimentally induced prey killing or intensive aggressive interac-

tions among animals should be fully justified and conducted in a manner that

minimizes the extent and duration of pain.

Procedures entailing the deliberate infliction of trauma should be restricted and used

only with very strong justification. Whenever possible, without defeating the goals of

the research, animals used in such research should be anesthetized.

Procedures involving the use of paralytic agents without reduction in pain sensation

require particular prudence and humane concern. Utilization of muscle relaxants or

paralytics alone during surgery, without general anesthesia, is unacceptable, and shall

not be used.

Surgical procedures, because of their intrusive nature, require close supervision and

attention to humane considerations by the psychologist.

1. All surgical procedures and anesthetization should be conducted under the direct
supervision of a scientist who is competent in the use of the procedure. 130 APA
GUIDELINES
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2. If the surgical procedure is likely to cause greater discomfort than that attending
anesthetization, and unless there is specific justification for acting otherwise,
animals should be maintained under anesthesia until the procedure is ended.

3. Sound post-operative monitoring and care should be provided to minimize
discomfort, and to prevent infection and other untoward consequences of the
procedure.

4. As a general rule, animals should not be subjected to successive surgical proce-
dures unless these are required by the nature of the research, the nature of the
surgery, or for the well-being of the animal. However, there may be occasions
when it is preferable to carry out more than one procedure on a few animals
rather than to carry out a single procedure on many animals. For instance, there
may be experimental protocols where it would be appropriate to carry out acute
terminal surgical procedures on animals scheduled for euthanasia as part of
another protocol rather than to utilize additional animals.

IX. Field Research

A.

Psychologists conducting field research should disturb their populations as little as
possible. Every effort should be made to minimize potential harmful effects of the
study on the population and on other plant and animal species in the area.

Research conducted in populated areas should be done with respect for the property
and privacy of the inhabitants of the area.

. Particular justification is required for the study of endangered species. Such research

should not be conducted unless all requisite permits are obtained.

Educational Use of Animals

For educational purposes, as for research purposes, consideration should always be
given to the possibility of using non-animal alternatives. When animals are used
solely for educational rather than research purposes, the consideration of possible
benefits accruing from their use vs. the cost in terms of animal distress should take
into account the fact that some procedures which can be justified for research
purposes cannot be justified for educational purposes. Similarly, certain procedures,
appropriate in advanced courses, may not be appropriate in introductory courses.
Classroom demonstrations involving animals should be used only when instructional
objectives cannot effectively be achieved through the use of videotapes, films or other
alternatives. Careful consideration should be given to the question of whether the
type of demonstration is warranted by the anticipated instructional gains.

Animals should be used for educational purposes only after review by a departmental
committee or by the local institutional animal care and use committee.

Psychologists are encouraged to include instruction and discussion of the ethics and
values of animal research in courses, both introductory and advanced, which involve
or discuss the use of animals.

Student projects involving pain or distress to animals should be undertaken judi-
ciously and only when the training objectives cannot be achieved in any other way.
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E  Demonstrations of scientific knowledge in such contexts as exhibits, conferences, or
seminars do not justify the use of painful procedures or surgical interventions.
Audio-visual alternatives should be considered.

XI. Disposition of Animals

A. When the use of an animal is no longer required by an experimental protocol or
procedure, alternatives to euthanasia should be considered.

1.

Animals may be distributed to colleagues who can utilize them. 131 APA
GUIDELINES Care should be taken that such an action does not expose the
animal to excessive surgical or other invasive or painful procedures. The psy-
chologist transferring animals should be assured that the proposed use by the
recipient colleague has the approval of, or will be evaluated by, the appropriate
institutional animal care and use committee and that humane treatment will be
continued.

It may sometimes be feasible to return wild-trapped animals to the field. This
should be done only when there is reasonable assurance that such release will not
detrimentally affect the fauna and environment of the area and when the ability of
the animal to survive in nature is not impaired. Unless conservation efforts
dictate otherwise, release should normally occur within the same area from
which animals were originally trapped. Animals reared in the laboratory gener-
ally should not be released because, in most cases, they cannot survive or they
may survive but disrupt the natural ecology.

B. When euthanasia appears to be the appropriate alternative, either as a requirement of
the research, or because it constitutes the most humane form of disposition of an
animal at the conclusion of the research:

1.

2.
3.

Euthanasia shall be accomplished in a humane manner, appropriate for the
species, under anesthesia, or in such a way as to ensure immediate death, and in
accordance with procedures approved by the institutional animal care and use
committee.

No animal shall be discarded until its death is verified.

Disposal of euthanized animals should be accomplished in a manner that is in
accord with all relevant legislation, consistent with health, environmental, and
aesthetic concerns, and approved by the institutional animal care and use
committee.
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