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I FOREWORD

JOY A. CAVAGNARO, PhD, DABT, RAC, and ANTHONY D. DAYAN, LLB, MD,
FRCP, FRCPath, FFOM, FFPM, FIBiol

Biopharmaceutical research represents the use of various biotechnology tech-
niques to discover and manufacture potential new medicines, to test their
safety, and to prove their value in treating or preventing disease in humans
and animals. It employs the skills and hard work of discovery and development
scientists, pharmacologists, immunologists, toxicologists, pharmacokineticists,
pharmacists and manufacturers, clinical scientists, and clinical research orga-
nizations representing the public interest, healthy and patient volunteers,
ethics committees, and regulatory agencies.

The public, venture capitalists, media, and even novelists have looked to
biotechnology for health care solutions with high expectations. Bringing the
safest possible new medicines into public use is critical for society as a whole,
from human and veterinary medical and economic perspectives, and also to
maintain public trust in the industry. However, no drug can ever be “100%
safe.” Drugs are developed and approved because they show benefits that
outweigh foreseeable risks for specific indications in specific populations. Once
marketed, a drug can be less safe if it is used in a way that decreases foresee-
able benefits, or that increases risks if the actual risks are greater than or differ
from the predicted risks. What then are the most appropriate and reasonable
ways to answer the essential questions about possible risks versus benefits
during the lengthy process of developing a new drug? What can be predicted
from preclinical studies and of what value are the predictions?

Before testing new medicines in humans, various in vitro and in vivo
preclinical studies are performed in selecting the lead candidate for clinical
development. In particular, studies are designed to support a first in human
(FIH) dose for phase 1 clinical trials. Phase 1 trials are principally designed to
examine safety of single and sometimes several doses in about 20 to 80 study
subjects, usually healthy volunteers. Phase 2 trials are designed to confirm
safety, determine clinical activity, and help define an optimal dose, usually fol-
lowing one- to three-month dosing, for the subsequent phase 3 trials. Phase 2
are controlled studies of approximately 100 to 300 volunteer subjects with
disease. Phase 3 trials are designed to prove efficacy and safety of the drug.
These trials are double-blinded and placebo-controlled involving hundreds to

xi
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thousands of research subjects with the intended disease in clinics and hospi-
tals. The duration of dosing for drugs administered chronically can last six
months or longer. Each phase is supported by in vivo animal studies based on
consideration of the population being tested and the duration of the clinical
trial. Following the completion of all three phases of clinical trials, the sponsor
of the trial analyzes all the data and files a marketing application with one or
more regulatory authorities. Once approved, the new medicines become avail-
able for physicians to prescribe. For some drugs the process from discovery to
approval can take as long as 10 years or more. Sponsors are also required to
submit periodic reports, including any cases of adverse reactions and appropri-
ate quality control records even after a product is approved. The phase 4 or
postmarketing study commitments, which may involve additional preclinical
as well as clinical studies, are for evaluation of long-term effects as well as
detection and definition of previously unknown or inadequately quantified
adverse reactions and related risk factors.

A pre-approved capitalized cost estimate for development of a new bio-
pharmaceutical has recently been estimated at over $1 billion (US dollars)
with $615 million estimated for all R&D costs, including basic research and
preclinical development prior to initiation of clinical testing and $626 million
for clinical testing [1]. These estimates take into account the significant attri-
tion rates over the course of clinical development.

In order to facilitate clinical development, it is important to define risk and
benefit in the most reasonable and appropriate way. Preclinical studies are the
foundation for the initial and ongoing assessment of potential risks and as such
should be designed in order to realize their maximum value. The primary
objective of preclinical safety evaluation studies is to provide data that clinical
investigators can use to better predict adverse effects in study subjects and to
help researchers design clinical studies that will minimize their occurrence.
The same information will also help to guide research toward new, less toxic
drugs and, if harmful effects cannot be entirely avoided, to suggest means to
lessen or alleviate the adverse actions.

In this context the term “nonclinical” is often used interchangeably with
“preclinical,” particularly to define the preclinical studies performed after a
product has advanced into the clinic (and thus is no longer in the preclinical
development phase). Diverse studies are performed at different times to
answer specific questions that only become relevant during particular phases
of clinical development; for example, carcinogenicity studies are done to
answer questions that ultimately arise at the end of lifetime administration to
patients. Based on the explicit objective of safety studies to reveal or exclude
potential adverse effects before they occur in healthy subjects or patients, the
term “preclinical” will be used throughout this book to highlight the impor-
tance of the data to be derived prior to the specific clinical phase they are
designed to support.

The expanding role of preclinical safety evaluation has changed the discov-
ery/development interface for conventional small-molecule pharmaceuticals
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as well as large-molecule biopharmaceuticals. A larger proportion of scientific
staff and resources are required to support research and screening efforts.
There has been an increasing emphasis on mechanistic studies, exploratory
research, and a systems biology approach to detect and investigate an expand-
ing range of predictable and unexpected harmful effects, always with the
intention of improving the predictive value of the positive and negative infor-
mation obtained.

Major technological advances in platform technologies have had a major
impact on the pathways and timelines of pharmaceutical development. These
include high-throughput assays for profiling and probing new molecules:
“omics” technologies, exposure technologies, delivery technologies, and “infor-
matics” technologies. A number of strategies have evolved to improve the
predictive value and increase the safety knowledge based including the valida-
tion and acceptance of alternative methods, in vitro cellular models, in silico
techniques and animal-based simulation models, use of nontraditional animal
models and animal models of disease including humanized transgenic mice,
development of noninvasive and minimally invasive technologies,and increased
efforts in computational toxicology and data mining have also evolved to
improve predictive value and increase the safety knowledge base and provide
feedback from failed and successful development programs. A practical chal-
lenge has been the prioritization and validation of these innovative
technologies.

Integration and optimization of results from early evaluation models have
been essential components in improving the predictive value of preclinical
studies. Programs have been accelerated through innovative study designs that
can incorporate efficacy, pharmacokinetics, and safety/toxicity endpoints in the
same model, thus speeding the delivery of safer therapeutic and prophylactic
medicines. Lead candidate selection has been advanced by the clinical explora-
tion and acceptance of microdosing and exploratory investigational new drug
application (IND) regulatory mechanisms that support early investigation of
new drugs in humans based on the results of focused preclinical information
sufficient to exclude unacceptable risks and obtained with limited but propor-
tionate expenditure of time and resources. Such strategies meet the goal of
hastening development without increasing risks to the subjects involved.

Conventional FIH studies designed to determine the maximum safe dosage
while ensuring the greatest possible safety in healthy volunteers may not
always suffice to meet clinical needs and development and financial timelines.
For accelerated development plans, FIH studies should be designed not only
to identify development-limiting adverse effects but to establish proof of
concept or initial effectiveness, ideally this may mean studying in an index
population (i.e., a disease population). Accordingly preclinical development
strategies need to be designed to support early treatment of patients and
seamless progress into full clinical development.

Sometimes a product will be shown not to be ready for the widespread use
and must go back for refinement. It is, however, very difficult from preclinical
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studies or during the early stages of clinical trials to make the decision to stop
or delay development because of findings that point to potentially unaccept-
able risks. When a product is delayed in meeting certain milestones or if it
never reaches registration and marketing at all, the consequences can be dev-
astating for the developer, particularly for small, one-product companies. The
challenge of preclinical work is to be efficient and effective in order to be able
to make the “no go” decision as early as possible in the process to conserve
resources and gain insight for future products. This opportunity to discontinue
a product’s development early and to redirect research and development
effort should ultimately lead to better products.

The history of drug development, especially its preclinical aspects, has been
one of irregular advances, often based on ad hoc means intended to detect
recent clinical problems and adverse effects and commonly based on national
expertise and practices. The result was a patchwork of overlapping and even
conflicting but commonly mutually exclusive data requirements in different
countries. Additional barriers to facilitating clinical development have been
the various multiple national and local standards and guidance that often
resulted in duplication, inefficiency, and delays. By common consent this
“internationally disharmonized state of drug development” slowed and inhib-
ited the development of new treatments for rare and common diseases and
led to much waste of scarce and precious resources.

It took many years but eventually careful discussions between regulatory
agencies representing the public interest, drug industry, and academic experts
led to a continuing international process to agree on guidelines for the differ-
ent aspects of drug development. In the early 1990s the International Confer-
ence on Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) representing industry and regulators
in the United States, Europe, and Japan was established to work on interna-
tional guidelines in the areas of manufacturing (quality), preclinical evalua-
tions (safety), and clinical evaluations (efficacy).

For small molecules, experience with conventional pharmaceuticals (new
chemical entities, NCEs) has shown that relatively standardized approaches
have generally been appropriate to support clinical development, but for bio-
pharmaceuticals (novel biological entities, NBEs), scientific and clinical appre-
ciation of their special properties has shown that it is unwise to provide
detailed general guidelines applicable to every NBE because their nature,
actions, and the reactions of the treated recipient differ so greatly between
products and biological and clinical circumstances. Thus the broad nature of
the information required to assess probable safety prior to obtaining clinical
experience can be and has been defined but not the detailed procedures and
investigative strategies required in providing it.

In 1997 the ICHS6 guidance on preclinical safety evaluation of biotechnol-
ogy-derived products [2] introduced the concept of the “case-by-case”
approach. This means that each new test article (product) or product class
must have a science-based testing program custom prepared for that product
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based on its chemistry, pharmacology, kinetics and biological properties
and effects, and its clinical indication. This strategic approach replaced
naive reliance on what had been done for the last product tested. The
testing program is expected to be iterative, as we should learn from and
adapt testing to what has been discovered from all previous testing with the
product and from advances in biological, physiological, immunological, and
pathological understanding. “Science-based” means that the testing program
is defendable in terms of the scientific understanding of the biological effects
of the product and the testing is performed with an appropriate scientific
rationale.

Preclinical safety evaluation of biopharmaceuticals has evolved through the
application of scientific insight, historical and anecdotal experiences, and
common sense. The scientific community has relied on the exchange of ideas
among academia, industry, and regulatory scientists. However, despite the
implementation of up-to-date, optimal preclinical testing strategies to assess
safety and rigorous product surveillance programs in the clinic, novel biophar-
maceuticals sometimes still cause unanticipated adverse clinical effects, con-
tributing to skepticism by some as to the purpose and/or relevance of preclinical
studies. It should be realized that unexpected effects may occur because of
unknown changes in the product, because of unanticipated actions of the
substance and individual or idiosyncratic responses by treated subjects. Tighter
pharmaceutical control and better-focused preclinical studies, both guided by
past experience of adverse actions, will minimize the first two risks, and cau-
tious investigation of carefully increased doses will limit the potential harm of
unusual individual responses. There can be no direct defense against idiosyn-
cratic responses. Fortunately, they are rare, and cautious investigation of
each novel substance in humans has protected us against this form of harm,
as every clinical study has to balance risk to every subject against the possible
benefit to the participant and to humankind in general. The value of prudently
designed and conducted clinical studies is so great that they are justifiable
provided that precautions are taken that reflect the nature and activities of
the biopharmaceutical product and any special features of the subjects to be
given it, all interpreted in the light of the basic and preclinical knowledge of
the product’s actions.

In a world of more fully informed patients, increased public scrutiny, and
greater debate about ethics, manufacturers, developers, and regulators are
demonstrating increased interest in patient welfare. Many small start-up
biotech companies still enter the business to take on the challenges of produc-
ing safe and effective products to meet “unmet” medical need despite the high
development costs and risk of failure. The expanded use of biotechnology
in a broader range of diseases and conditions has opened a public debate
about societal issues surrounding the expanded use of biotechnology, such as
broadening the use of genetic testing to predict an individual’s susceptibility
to a particular disease, the use of stem cells for tissue regeneration, the impli-
cations of genomic and potentially transmissible changes produced by gene
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therapy, and the availability of allograft or xenograft organs and tissues for
transplantation.

Heightened public awareness means industry must initiate interactions with
regulators and their scientific and medical advisers and with public interest
representatives early in development to select the most promising products,
to ensure that the rationale for each project is acceptable, and to obtain agree-
ment that the development and testing strategy will provide valid and appro-
priate information to justify approval of the product as a prescribable medicine.
It is important for industry to understand not only the regulatory review
process but also to prepare development plans that comply with the process
and address particular requirements. It is equally important for regulators to
provide guidance that is consistent to enable strategic planning and yet flexible
enough to allow tailored development of individual therapies to meet regula-
tory expectations for individual companies. Industry as a whole will also have
to meet their legal and other official expectations.

Creating a cooperative atmosphere and processes to maintain increased
trust and easy communication between “regulators” and “industry,” meaning
scientists, clinicians, and industrialists, is becoming a key element in the growth
and strength of the industry, which sees itself as the originator of life-saving,
life-enhancing, and life-extending treatments and therapies. In the same way
itis no less necessary to maintain trust and ready communication with academ-
ics and the public and their representatives and especially with regulators,
whose mandate is to protect and enhance the public health.

The publication of the results of clinical trials and preclinical research has
resulted in the general understanding that biopharmaceuticals can be toxic as
well as beneficial in humans and animals and that many aspects of their toxic-
ity can be studied with relevance in animals. Toxicology as a science has ben-
efited from this experience in many ways by improved and widely applicable
understanding of basic biological mechanisms of health and disease and the
introduction of novel methods to detect and assess effects. Case-by-case assess-
ment based on science encourages scientific advancement in toxicology and
infuses excitement and quality research into safety assessment.

This book is intended to provide a comprehensive account of the past 20
years of biopharmaceutical preclinical development practices. Although the
book was written from the viewpoint of biopharmaceutical research, develop-
ment, and evaluation, the principles and concepts presented can be used for
other stakeholders in the clinical research enterprise, including academic
research scientists, clinical investigators, ethics committees, venture capitalists,
and consultants to the pharmaceutical industry. The goal is to provide a com-
prehensive reference book for the preclinical discovery and development sci-
entist whose responsibilities span target identification, lead candidate selection,
pharmacokinetics, pharmacology, and toxicology and for the regulatory scien-
tist whose responsibilities include the evaluation of novel therapies.

The scope of this book covers the entire clinical development continuum
from selection of lead candidate to first-in-human studies to ultimate product
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approval. This book is devoted to the principles and practices of preclinical
safety evaluation. It is divided into eight parts including (Part I) background,
which provides definitions and methods of production of biopharmaceuticals;
(Part IT) discussion of the principles of ICHS6 and the global implementation
of the principles; (Part III) current practices and comparisons to small mole-
cule development; (Part IV) the importance and criteria for selection of rele-
vant species; (Part V) a consideration of the various toxicity endpoints “icities”
as they relate to biopharmaceuticals; (Part VI) specific considerations based
on each product class; (Part VII) practical considerations in design, implemen-
tation, and analysis of biopharmaceuticals; and finally (Part VIII) the ultimate
transition to clinical trials. The parts of the book are self-contained but may
be interrelated or cross-referenced for more general or specific details.

Many new challenges in biopharmaceutical clinical development lie ahead.
New technologies such as nanotechnology, microelectronics, tissue engineer-
ing, and regenerative medicine utilizing stem cells are progressing rapidly.
These technologies and potential products not yet envisioned will continue to
challenge toxicologists. Additional challenges and advances will come from
efforts devoted to site-directed delivery or site-specific expression. Open dia-
logue among scientists who are regulators, academics, or who work in industry
will be critical in ensuring that the new products that are safe and effective
are made available without unnecessary delay. A regulatory environment that
encourages innovation will make this possible. Society has a large role as a
neutral facilitator of ongoing discussions and as the receiver of the benefits
and risks of the new developments. The concepts, justified uses, and limitations
of the new medicines must be explained and understood at all levels of the
community. How toxicologists respond to the challenges ahead will influence
whether we will continue to seize the opportunity to advance toxicology and
enjoy medical and scientific progress or whether we will lose rigor and default
to previous inefficiencies and weaknesses as it is often easier to maintain old
habits than to develop and justify new approaches.
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1.1 INTRODUCTION

Compared with other types of pharmaceutical products, products derived from
a biological source or a biotechnological process are structurally complex and
involve manufacturing processes that require tight control to ensure their
safety, quality, and efficacy. Biological products, because of their sheer size, are
orders of magnitude more complicated than small-molecule drugs. This can be
seen by a comparison of molecular weight, which can be used as a measure of
the size of a given product. Moreover the product arising from the manufac-
turing process is often not a pure, homogeneous mixture. Rather, various forms
of these molecules are usually present in the final product.

Preclinical Safety Evaluation of Biopharmaceuticals: A Science-Based Approach to Facilitating
Clinical Trials, edited by Joy A. Cavagnaro
Copyright © 2008 by John Wiley & Sons, Inc.
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In scientific terms, conventional biological products such as blood-derived
clotting products, vaccines, and those derived from high technology such as
those employing a recombinant DNA technology are characterized as biologi-
cal products. Because of these differences in respect of the product character-
istics and manufacturing process, the regulatory oversight of biological products
is distinguishable from conventional pharmaceutical products based on small
molecules. This chapter addresses legal framework governing biological prod-
ucts principally in the United States and in the European Union. The regula-
tory landscape in Japan is briefly described particularly in relation to the
recent changes to Japan’s Pharmaceutical Affairs Law.

1.2 UNITED STATES

The United States has one of the most active and sophisticated systems in the
world for ensuring the safety and effectiveness of biopharmaceuticals. To
understand this system, it is important to understand (1) how the United States
defines biopharmaceuticals and biologics, (2) the legal foundations for regulat-
ing these products, and (3) the rules that apply during various stages, including
research, development, approval, and marketing. This section also highlights
how the United States regulates biologics in relation to drugs.

1.2.1 How the United States Defines Biologics
and Biopharmaceuticals

US law does not have a single, simple definition for biologics or biopharma-
ceuticals. The Food and Drug Administration (FDA) recognizes that most
biologic products “are complex mixtures that are not easily identified or char-
acterized” [1]. Traditionally biologics are substances that are derived from
living organisms, such as humans, animals, plants, and microorganisms [2].
Today biologics include these substances as well as those produced by biotech-
nology [2]. A federal statute defines biological product as a virus, therapeutic
serum, toxin, antitoxin, vaccine, blood, blood component or derivative, aller-
genic product, or analogous product, or arsphenamine or derivative of ars-
phenamine (or any other trivalent organic arsenic compound) that is
“applicable to the prevention, treatment, or cure of a disease or condition of
human beings” [3]. The corresponding federal regulation uses similar language,
but clarifies several key terms [4]:

1. A virus is interpreted to be a product containing the minute living cause
of an infectious disease and includes filterable viruses, bacteria, rickettsia,
fungi, and protozoa, among other things.

2. A therapeutic serum is a product obtained from blood by removing the
clot or clot components and the blood cells.
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3. A toxin is a product containing a soluble substance poisonous to labora-
tory animals or to human in doses of one milliliter or less (or equivalent
in weight) of the product, and having the property, following the injection
of nonfatal doses into an animal, of causing to be produced therein
another soluble substance that specifically neutralizes the poisonous sub-
stance and that is demonstrable in the serum of the animal thus
immunized.

4. An antitoxin is a product containing the soluble substance in serum or
other body fluid of an immunized animal that specifically neutralizes the
toxin against which the animal is immune.

The regulation also clarifies how additional products may be biologics if
they are “analogous” to certain categories of products listed in the definition.
A product is a biologic if it is analogous to the following [5]:

1. A virus, if prepared from or with a virus or agent actually or potentially
infectious, without regard to the degree of virulence or toxicogenicity of
the specific strain used.

2. A therapeutic serum,if composed of whole blood or plasma or containing
some organic constituent or product other than a hormone or an amino
acid, derived from whole blood, plasma, or a serum.

3. A toxin or antitoxin, if intended, regardless of its source of origin, to be
applicable to the prevention, treatment, or cure of diseases or injuries of
human through a specific immune process.

Although these definitions seem to be relatively concrete, biological prod-
ucts come in many forms, including drugs, devices, and “combination” products
[6]. The FDA regulates biopharmaceuticals as both drugs and biologics because
they meet both definitions. US law, as described above, defines biological
products by referring to several categories of tangible products. In contrast,
the law defines drugs by their functions [7]. The term drug means “articles
intended for use in the diagnosis, cure, mitigation, treatment, or prevention of
disease in man” and “articles (other than food) intended to affect the structure
or any function of the body of man” [8]. Thus the definitions of drugs and
biologics are not mutually exclusive, which allows the FDA to regulate some
products as both.

1.2.2 Legal Foundations for Regulating US Biopharmaceuticals

To understand how biopharmaceuticals are regulated in the United States, it
is helpful to understand the underlying legal bases for regulation, how these
laws have evolved, and how regulatory responsibility for biologics has shifted.
Currently the Public Health Service Act authorizes the FDA to ensure the
safety, purity, and potency of biologics. The FDA approves biologics for mar-
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keting under section 351 of the Act [9]. The FDA also regulates biopharma-
ceuticals as drugs under the Federal Food, Drug, and Cosmetic Act. Thus the
FDA now delegates responsibility for regulating biopharmaceuticals to two
centers within the agency: the Center for Drug Evaluation and Research
(CDER) and the Center for Biologics Evaluation and Research (CBER).
Regulation under the Public Health Service Act precludes the manufacture of
generic, or “follow-on” biologicals and “biosimilars.”

The foundations for this regulatory system were set in 1902 with the Biolog-
ics Control Act, the first legislation to regulate a specific class of drugs [7]. The
Biologics Control Act was a response to tragedies in St. Louis, Missouri, and
Camden, New Jersey, in which several people died after taking diphtheria and
small pox vaccines [10]. The purpose of the Act was to authorize the regulation
of certain biologics, require manufacturers to obtain licensing, and authorize
the government to inspect manufacturing facilities [7]. The Act prohibited
companies from selling or transporting biologics that were either not manu-
factured at facilities licensed and inspected by the government or not labeled
with the manufacturer’s name and an expiration date [7].

Since the 1902 Act, the laws and regulations for biologics have steadily
evolved, and responsibility for regulating biological products has shifted
several times. In 1903, the federal government issued the first biologics regula-
tions, administered by the Hygienic Laboratory in the Public Health and
Marine Hospital Service. The regulations required manufacturers to annually
renew their licenses and make their facilities available for unannounced
inspections. In 1919, the regulations were amended to require manufacturers
to report changes in manufacturing methods, equipment, and personnel. The
regulations also required manufacturers to maintain manufacturing records
and submit certain product samples for government inspection and approval
[7].

These initial laws and regulations laid the foundation for the current biolog-
ics regulatory scheme. From the beginning the United States regulated biolog-
ics and drugs differently. The government did not regulate nonbiologic drugs
until it passed the Pure Food and Drugs Act in 1906, which did not address
biologics or the 1902 Biologics Control Act [7]. In fact Congress did not for-
mally recognize the difference between drugs and biologics until after it passed
the 1938 Federal Food, Drug, and Cosmetic Act (FDCA) [12]. In 1944, Con-
gress reenacted the 1902 Biologics Control Act and recodified the Public
Health Service Act. A major issue was the definitional overlap between drugs
and biologics [12].

Between 1902 and 1972, regulatory responsibility for biologics transferred
several times, ultimately settling with FDA, as shown by this brief timeline of
the relevant transfers:

1930 The Hygienic Laboratory within the Public Health and Marine
Hospital Service is redesignated as the National Institutes of
Health (NIH).
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1937 The NIH is reorganized, and responsibility for biologics is
transferred to the Division of Biologics Control. In 1944 it is
renamed the Laboratory of Biologics Control.

1948 The Laboratory of Biologics Control is integrated into the NIH’s
National Microbiological Institute, which later becomes the
Institute of Allergy and Infectious Diseases.

1955 Responsibility for biologics is transferred to the new Division of
Biologics Standards, a new independent entity within the NIH.

1972 The Division of Biologics Standards is transferred from the NIH
to the FDA, becoming the Bureau of Biologics.

1982 The Bureau of Biologics is merged with the Bureau of Drugs to
form the National Center for Drugs and Biologics (NCDB).

1983 The biologics component of the NCDB is renamed the Office of
Biologics Research and Review, within the Center for Drugs
and Biologics (CDB).

1988 CDB split into two centers, the Center for Biologics Evaluation
and Research (CBER), and the Center for Drug Evaluation
and Research (CDER).

2003 Transfer of therapeutic biological products from CBER to CDER.

The steady stream of reorganizations in many ways reflects the difficulty of
both categorizing and regulating biologics. The FDA continues to struggle with
these responsibilities. For instance, since the FDA created CBER in 1988, the
agency has both overhauled the way it approves biologics, and once again
shifted responsibility for certain biologics. First, the FDA established a single
approval application, the Biological License Application (BLA) through the
Food and Drug Modernization Act of 1997 (FDAMA), the most comprehen-
sive rewrite of food and drug laws since 1938. Second, in 2003, the FDA shifted
responsibility for therapeutic biologics from CBER to CDER, given CDER’s
role in regulating therapeutic drugs. CDER’s new responsibilities include a
wide array of biological products, including monoclonal antibodies for in vivo
use, therapeutic proteins, and immunomodulators [10]. CBER retained author-
ity over traditional biologic products such as vaccines, allergenic extracts,
antitoxins, blood, and blood products, as well as products composed of human,
bacterial, or animal cells [10].

1.2.3 Legal Requirements for US Biopharmaceuticals

The regulation of biologics continues to evolve. The transcendent growth of
biotechnology research, spurred by the Human Genome Project, almost
ensures that biologic regulations will require further tinkering to accommo-
date new products. The following is a brief synopsis of relevant US laws and
regulations at various stages, including research, development, approval, and
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marketing. Where relevant, we highlight where the rules for biologics differ
from drugs.

Research and Development The United States heavily regulates the
research and development of biologics. At the preclinical stage, FDA requires
companies to comply with regulations on good laboratory practices (GLPs) at
21 CFR part 58. The GLP regulations seek to ensure the quality and integrity
of preclinical safety data submitted to the FDA. GLPs apply to nonclinical
(preclinical) laboratory studies intended to support research or marketing
applications, and address a broad range of topics, including personnel, facilities,
and equipment. Ideally preclinical studies to support safety are subject to GLPs
and should be supported by a statement that the study was conducted in com-
pliance with the good laboratory practice regulations in 21 CFR part 58, or if
the study was not conducted in compliance with those regulations, a brief state-
ment of the reason for the noncompliance (21 CFR 312.23 (8) (iii)).

At the clinical stage, FDA sets minimum standards for clinical trials through
several regulations and guidance documents, collectively known as good clini-
cal practices (GCPs). GCPs are designed to ensure the quality and integrity
of data submitted to FDA and protect the rights of human subjects. GCPs
govern key personnel involved in clinical trials—particularly sponsors, and
investigators—and address several important areas, including informed
consent, institutional review boards (IRBs), and investigational new drug
(IND) requirements.

Informed consent is governed by both federal and state law [14]. These laws
generally require that before participating in clinical trials, human research
subjects state in writing that they understand the risks of the trial and are
participating voluntarily. Each informed consent document must contain
several elements required by FDA regulations [15].

IRBs are also governed by federal and state law. FDA regulations require
IRBs to provide initial and continuing review of clinical trials [16]. IRBs must
ensure that investigators and sponsors protect the study subjects, obtain ade-
quate informed consent, and adhere to other safeguards and reporting require-
ments [16]. Moreover FDA regulations require IRBs members to meet specific
membership criteria [17].

Investigational biologics are subject to the FDA’s investigational new
drug (IND) requirements [18]. The IND application is the first formal submis-
sion to FDA, and the application must be submitted before initiating any
clinical studies [7]. It is not a request for commercial marketing approval;
rather, it is a request to be exempt from the federal statute that prohibits ship-
ping “unapproved” drugs across state lines. Thus an IND permit allows the
product to be shipped during investigational studies. The purpose of the IND
requirement is to assure the FDA that the safety and rights of subjects will be
protected in all phases of the investigation, and that the quality of the studies
are adequate to permit the FDA to evaluate the product’s safety and effective-
ness [13].
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Approval The FDA approves biologics for marketing through the biological
license application (BLA), which requires the applicant to show that the
product is safe, pure, and potent [19]. The BLA submission is typically the
culmination of years of research and development, through which the company
submits preclinical and clinical data, physiochemical information, biological
activity results, and manufacturing information [7]. Previously the FDA
approved biologics through two license applications, the product license appli-
cation (PLA) and the establishment license application (ELA).In 1996, CBER
consolidated these applications into a single BLA for certain products, and in
1997, Congress extended the BLA to all biological products.

Although the BLA process differs in some ways from the new drug approval
(NDA) application process for nonbiologic drugs, the required showing of
safety and efficacy is similar, if not identical, between drugs and biologics [20].
While the FDA requires biologics to be “safe, pure, and potent,” the agency
interprets this language as requiring the same type of evidence in NDAs for
nonbiologic drugs [20]. Nevertheless, there are differences between the BLA
and NDA that reflect CBER’s historical emphasis on manufacturing and
process control. For instance, the FDA requires BLA applicants to submit
detailed information on manufacturing processes so that the FDA can deter-
mine whether the manufacturer can produce a product consistent with current
good manufacturing practices (cGMPs) and the manufacturing specifications
listed in the BLA. The manufacturer’s facility is also a major factor—its con-
struction, design, layout, validation processes, and environmental monitoring
must meet FDA standards.

After approval, biologics manufacturers must comply with the FDA’s cGMP
regulations [21]. These regulations govern the manufacturer’s use of raw
materials, buildings and facilities, production and process controls, packaging
and labeling, laboratory controls, stability testing, expiration dates, production
records, and the company’s overall quality system. Although the same cGMP
regulations apply to drugs and biologics, manufacturing biologics can be
quite different. Physically and chemically, biologics act differently than drugs
[11]. They are less defined, less pure, less stable, and degrade in more complex
ways than most drugs [11]. Their potency also depends greatly on the underly-
ing organisms from which they are produced [11]. Thus, if a manufacturer
makes relatively minor changes to the manufacturing process of a biologic, the
FDA may require the manufacture to demonstrate through new clinical studies
that the process produces the same results as the original clinical studies
[11].

Marketing and Postapproval Requirements Once the FDA approves a
biopharmaceutical for marketing, the agency applies a different set of regula-
tory standards. The main postapproval requirements govern: (1) adverse event
reporting, (2) manufacturing under cGMPs, (3) lot release testing, (4) general
reporting, and (5) postmarketing studies.
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The FDA’s adverse event reporting system does not differ significantly
between drugs and biologics. However, the FDA did not have a compre-
hensive adverse event reporting system for biologics until 1994 [22]. Bio-
logics manufacturers can use two reporting systems: MedWatch and the
Vaccine Adverse Event Reporting System (VAERS). MedWatch is admin-
istered by the FDA and covers drugs, biologics, medical devices, and
special nutritional products. VAERS is jointly administered by the FDA
and the Centers for Disease Control and Prevention (CDC), and covers
adverse events following immunizations. FDA regulations require manu-
facturers to report serious, unexpected adverse events within 15 days. Less
serious reports can be submitted in periodic follow-up, or distribution
reports.

The FDA’s cGMP regulations specify minimum standards for manufactur-
ing facilities and their production controls. These regulations generally
apply to both drugs and biologics, but the FDA has additional
cGMP-related regulations that focus on biologics [23]. CBER has
also tailored cGMP requirements for “specified biotechnology and
synthetic biological products” to be as similar to drug requirements as
possible.

The FDA’s lot release regulations allow the agency to require
manufacturers to submit samples of any licensed biological products
for testing [24]. Manufacturers must submit to CBER representative
samples of each lot, a lot release protocol, and a summary of the test
results. Lots may not be released until CBER authorizes an “official
release.” However, CBER does not require lot release in all
circumstances.

The FDA requires manufacturers to report certain changes in the product,
production process, quality controls, equipment, facilities, personnel, or
labeling that are established in the approved license application [25]. The
manufacturer must demonstrate that the change does not adversely affect
the identity, strength, quality, purity, or potency of the product that may
affect the product’s safety or effectiveness. FDA regulations and guidance
categorize each change as “minor,” “moderate,” or “major” based on the
risk to the product’s quality, safety, and effectiveness. The FDA must give
prior approval before the manufacturer can implement “major” changes.
“Moderate” changes must be reported to the FDA within 30 days. Minor
changes must be reported annually.

The FDA may require, at the time of product approval, that the manu-
facture agree to conduct additional testing on its biological product, called
phase 4 studies. These postmarketing studies may further evaluate the
product’s safety, efficacy, or manufacturing methods. Sponsors that agreed
to conduct phase 4 studies as part of their BLA approval must update the
FDA annually.
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1.3 EUROPEAN UNION
1.3.1 How EU Law Defines a Biological Medicinal Product

In the European Union the regulation of biological products is subject to
continuing review taking account of the evolving science and technology.
Directive 87/22/EEC (now repealed) provided the first time in EU law the
legal definition of a medicinal product developed by a biotechnological process.
The following processes were considered as biotechnological: recombinant
DNA technology, controlled expression of genes coding for biologically active
proteins in prokaryotes and eukaryotes including transformed mammalian
cells, hybridoma, and monoclonal antibody methods. This definition remains
unchanged since 1987, and it is now used for defining a biotechnological
medicinal product as set out in the Annex to Regulation (EC) 726/2004 [26],
which repealed Regulation (EC) 2309/93 [27] governing the European central-
ized procedure.

The definition of a process based on biotechnology is sufficiently broad to
capture a wide arrange of medicinal products, such as recombinant proteins
and gene-based therapeutics, and prophylactics, such as gene transfer medici-
nal products and DNA vaccines. Medicinal products manufactured by biotech-
nological processes as defined in the Annex to Regulation (EC) 726/2004 must
be authorized centrally pursuant to article 3 of the Regulation.

In June 2003 the European Commission adopted a new Annex I to Direc-
tive 2001/83/EC [28] on the EU code relating to medicinal products for human
use. This new Annex was adopted in the form of Commission Directive
2003/63/EC [29]. The new Annex was adopted for implementation of the
International Conference on Harmonization (ICH) Common Technical Docu-
ment (CTD) format. Annex I sets out the particulars and documents accom-
panying an application for marketing authorization irrespective of the EU
procedure used for obtaining a marketing authorization. Directive 2003/63/EC
defines a biological medicinal product, and this definition consists of two
essential elements. First, the active substance is a biological substance. A bio-
logical substance is a substance that is produced by or extracted from a bio-
logical source. Any one of the following source is considered as a biological
source: microorganisms, organs and tissues of either plant or animal origin,
cells or fluids (including blood or plasma) of human or animal origin, and
biotechnological cell constructs utilizing cell substrates. If the product is pro-
duced from primary cells such as certain prophylactic vaccines, the product is
considered a biological medicinal product. Second, the product requires for its
characterization and the determination of its quality a combination of physi-
cochemical-biological testing together with the production process and its
control.

The Commission has indicated that the following are considered as biologi-
cal medicinal products: immunological medicinal products and medicinal
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products derived from human blood and human plasma. EU law defines an
immunological medicinal product as any medicinal product consisting of vac-
cines, toxins, serums, or allergen products. Vaccines, toxins, and serums cover,
in particular, agents used to produce active or passive immunity, and to diag-
nose the state of immunity. An allergen product means any medicinal product
that is intended to identify or induce a specific acquired alteration in the
immunological response to an allergizing agent.

Medicinal products derived from human blood or human plasma means
those based on blood constituents that are prepared industrially by public or
private establishments, such as albumin, coagulation factors, and immuno-
globulins of human origin. This definition reflects the way plasma derived
medicinal products are manufactured in the European Union. This class of
products may be produced by privately owned industry or by public organiza-
tions that are owned by the member state.

1.3.2 Legal Foundation for Regulation of Biological
Medicinal Product

The regulatory framework governing biological medicinal products is based
on the European Community Treaty, which aims at the free movement of
goods within the European Union. Although the legal base is built on the
principle of free trade of medicinal products within the European Union, the
essential aim of any rules governing the production, distribution, and use of
medicinal products must be firmly based on protection of public health. Recital
3 of Directive 2001/83/EC notes that the objective of public health protection
must be attained by means that do not hinder the development of the phar-
maceutical industry or trade in medicinal products within the European
Union.

The EU regulatory system is based on cooperation among the competent
authorities of the member states (including the member states of the Euro-
pean Economic Area, e.g., Norway, Liechtenstein, and Iceland) and various
relevant European institutions such as the European Commission and the
European Medicines Agency (formerly called the European Agency for the
Evaluation of Medicinal Products). The European Medicines Agency (EMEA)
was formally established in 1995 by virtue of Regulation (EC) 2309/93, which
is now replaced by Regulation (EC) 726/2004. The EMEA'’s role is narrowly
defined in the Regulation as a body responsible for coordinating the existing
scientific resources put at its disposal by member states for the evaluation,
supervision, and pharmacovigilance of medicinal products. In practice, the
scientific work is carried out by the member states through the EMEA’s advi-
sory committees and working parties.

The Committee for Medicinal Products for Human Use (CHMP) is one of
the main committees responsible for preparing the opinion of the EMEA on
any question relating to the assessment of medicinal products for human use.
Pursuant to Regulation (EC) 141/2000 [30] the Committee for Orphan Medici-
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nal Products (COMP) was established to provide scientific opinion on whether
a medicinal product meets the criteria under EU law for it to be designated
as an orphan medicinal product.

The sector-specific rules governing medicinal products are set out in various
legal instruments and administrative guidance which follow the following
hierarchy [31].

« A Regulation is directly applicable and binding in its entirety on in all
member states. Therefore it does not require a period of transposition into
the domestic laws of the member states.

- A Directive is directly effective that requires it to be transposed into
domestic laws in order to give effect to the Directive. Under EU law,
member states are only required to implement the Directive with respect
to its objectives and EU law does not control the manner and form of
how a Directive is transposed into the national laws.

« A Decision is binding in its entirety upon persons to whom it is
addressed.

+ Opinion is not legally binding.

In addition the Commission has issued a number of technical and administra-
tive guidelines such as those set out in various volumes of the Notice to
Applicants in order to explain how EU law can workably put into practice.
The EMEA has developed a body of scientific guidelines regarding the techni-
cal requirements for addressing issues relating to safety, quality and efficacy.
Although guidelines are not legally binding, the European Courts have increas-
ingly relied on such documents as an aid in interpretation of the legal
requirements.

Research and Development Clinical development in the European Union
is regulated by Directive 2001/20/EC [32], which is commonly known as the
Clinical Trials Directive. This Directive regulates all stages of clinical develop-
ment in the European Union, including Phase I clinical studies involving
healthy volunteers. The competent authorities of the member states are respon-
sible for assessing the applications for clinical trial authorization. In assessing
whether an approval should be granted, the competent authorities are required
to ensure that conduct of the clinical trials comply with the principles of good
clinical practice and the relevant ethical principles. Reference is made to the
principles set out in the ICH E6 Guideline on Clinical Practice and the applica-
ble version of the Declaration of Helsinki. Under the Clinical Trials Directive,
competent authorities are required to make a determination of an application
for clinical trial authorisation within 60 days from the date of submission.
However, the Directive permits the member states to extend the statutory time
limit for certain investigational medicinal products such as gene therapy, xeno-
transplantation, and products that are derived from biological source.
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Compliance with the requirements of Directive 2001/20/EC is important.
This is because Annex I to Directive 2001/83/EC (as amended) expressly
requires that for the purpose of obtaining a marketing authorization, all clini-
cal trials conducted within the European Union to comply with Directive
2001/20/EC. For clinical trials conducted outside the European Union and the
data of which are used in support of an application for a marketing authoriza-
tion, such clinical trials must be designed, implemented, and reported on the
basis of principles that are equivalent to the provisions of Directive 2001/20/
EC and carried out in accordance with the ethical principles that are reflected
in the Declaration of Helsinki.

EU law expressly requires nonclinical (pharmacotoxicological) studies to
be carried out in conformity with the provisions related to good laboratory
practice set out in Directive 2004/10/EC [33] and Directive 2004/9/EC [34] on
the inspection and verification of laboratory practice.

Approval Approval process for biological medicinal products is the same as
other chemically synthesized small molecules. The legal test is firmly based
upon an assessment of risk—benefit balance. However, in assessing risk—benefit
balance of a biological medicinal product, EU law requires the applicant to
provide certain additional information. If the medicinal product contains a
new biological active substance, the applicant must comply with the require-
ments set out in article 8(3) of Directive 2001/83/EC by providing results of
the pharmaceutical and nonclinical testing, and clinical trials.

Given the safety and efficacy of a biological medicinal product is deter-
mined largely by the starting material used and the process, EU law requires
applicants to describe and document the origin and history of starting materi-
als. Starting materials mean any substance of biological origin such as micro-
organism, organs, and tissues of either plant or animal origin; cells or fluids of
human or animal origin; and biotechnological cell constructs, including the cell
substrates whether or not they are recombinant. Moreover, for medicinal
products that are manufactured based on a cell bank system, the cell charac-
teristics must be shown to have remained unchanged at the passage level used
for the production and beyond. It is also a requirement to test all materials
used in the process for adventitious agents, including animal spongiform
encephalopathy agents. If the presence of potentially pathogenic adventitious
agents is inevitable, the corresponding material must only be used when further
processing is demonstrated to be capable of eliminating and/or inactivating
such adventitious agents. The capability of the process must be validated. In
comparison with chemically synthesized products, greater emphasis is placed
on the in-process controls to ensure batch to batch consistency.

With respect to preclinical testing, EU law expressly states the testing
program must be adapted for individual products. It is for the applicant for a
marketing authorization to justify the testing program to elucidate the pre-
clinical safety and biological activity of the product. EU law states that in
establishing the testing program, the following must be taken into account:
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« All tests requiring repeated administration of the product must be
designed to take account of the possible induction of, and interference by
antibodies.

« Examination of reproductive function, of embryo-fetal and perinatal tox-
icity of mutagenic potential and of carcinogenic potential must be consid-
ered. However, constituents other than the active substance(s) are
incriminated, validation of their removal may replace the study.

- The toxicology and pharmacokinetics of an excipient used for the first
time in the pharmaceutical field must be investigated.

« Where there is a possibility of significant degradation during storage of
the medicinal product, the toxicology of degradation products must be
considered.

In general, according to EU law, applicants are expected to carry out
controlled clinical trials, randomized and as appropriate against a placebo
and an established medicinal product (an active comparator) of proved thera-
peutic value. However, applicants may justify use of other trial design. The
treatment of the control groups will vary from case to case and also will
depend on ethical consideration and therapeutic area. In some cases it may
be more justified to compare the efficacy of a new medicinal product with that
of an established medicinal product of proved therapeutic value rather than
with a placebo.

In the new European pharmaceutical legislation, a new regulatory path has
been created for approval of a similar biological medicinal product, which is
commonly known as a biosimilar medicinal product. The definition of a similar
biological medicinal product as set out in article 10(4) of Directive 2001/83 (as
amended by Directive 2004/27/EC) [35] to mean a biological medicinal product
that is similar to a reference product does not mean the conditions in the defi-
nition of generic medicinal products owing to, in particular, differences relat-
ing to raw materials or differences in manufacturing processes of the biological
medicinal product and the reference biological medicinal product. In such
cases the results of appropriate nonclinical tests and/or clinical trials relating
to these conditions must be provided. The EMEA has developed has now
developed a series of technical guidelines to address the type and quantity of
supplementary data to be provided [36].

Marketing and Postapproval Requirements Regardless of whether a
medicinal product is considered a conventional pharmaceutical product or a
biological product, after grant of an approval, the holder of the marketing
authorization is required to monitor the continuing risk-benefit balance of the
product. In relation to the method of manufacture, in addition to ensuring
compliance with good manufacturing practice in accordance with Directive
2003/94/EC [37] the authorization holder must take account of scientific and
technical progress and introduce any changes that may be required to enable
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the product to be manufactured and controlled by means of generally accepted
scientific methods. Immunological products such as vaccines and products
derived from human blood or plasma may be subject to official batch release
testing at the request of a competent authority.

In the new pharmaceutical legislation, greater emphasis is placed on phar-
macovigilance and risk management. Indeed, at pre-approval, applicants are
required to submit to the competent authority a detailed description of the
pharmacovigilance and of the risk amangement system that the applicant will
introduce. In general, it is a requirement for the marketing authorization
holder to record all suspected serious adverse reactions and to report them
promptly to the competent authority within a defined time frame as set out in
EU law. For new products, the marketing authorization holder is required to
provide periodic, updated safety report at least every six months during the
first two years following the initial placing on the market and once a year for
the following two years. Thereafter the reports must be submitted at three
yearly intervals or immediately on request by the competent authority. The
Commission has developed a guidance document published in volume 9 of the
Rules governing medicinal products in the European Union, which is currently
being revised. This guidance takes account of various guidelines promulgated
under the International Conference on Harmonization.

In order to establish and maintain a pharmacovigilance system, the holder
of the marketing authorization is required to have permanently and continu-
ously at his or her disposal an appropriately qualified person. This qualified
person is personally responsible for ensuring that information about all adverse
reactions that are reported to the personnel of the company and to medical
representatives is collected and collated. This qualified person is also respon-
sible for ensuring that all suspected serious adverse reactions are reported to
the competent authority concerned.

1.4 JAPAN

On 25 July 2002, the Japanese House of Representatives passed the revised
Pharmaceutical Affairs Law (PAL), which dates back to 1943. Although
amendments have been made in the 1940s, 1960s, and 1970s, certain parts
of the legislation required updating to take account of changes in science
and technology, and the need for the liberalization of the Japanese market.
Companies can now outsource the manufacturing process, allowing pharma-
ceutical companies to market their products in Japan without operating
their own production facilities. Changes made to the PAL have also fueled
growth in the clinical trial sector in Japan. Notwithstanding the revision of
the PAL, the basic purpose of the law remains intact in that it is designed to
protect public health by ensuring the safety, quality, and efficacy of medical
products in Japan.
The revised PAL of 2002 aims at addressing the following challenges:
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« The need to strengthen the safety measures related to medical devices

« The need to strengthen regulatory control over products based on bio-
technology and genomic technology

« The need to strengthen the postmarketing safety monitoring and take
account of the efforts in international harmonization for the technical
assessment of pharmaceutical products

A new regulatory agency, the Pharmaceuticals and Medical Devices Agency
(PMDA), has been created with the executive function of overseeing regulation
of pharmaceutical products and medical devices. Similar to the system adopted
by the United States and the European Union, the regulatory control of medici-
nal products in Japan is through a system of approval/licensing for certain regu-
lated activities such as conduct of clinical trials, manufacture, marketing,
distribution, sale, and supply of specific pharmaceutical products. The Japanese
Pharmacopoeia is an integral part of the regulatory framework as it sets out the
quality standards for certain pharmaceutical products or substances.

Japan is a party to the tripartite ICH process. Therefore all the adopted
guidelines have been implemented as the basic technical standards for the
evaluation of safety, quality, and efficacy for pharmaceutical and biotechno-
logical products. In addition the requirements for good laboratory practices
for conducting nonclinical safety testing of pharmaceutical products have been
applied since the 1980s in the form of administrative instruction. The require-
ments for conducting clinical trials in accordance with good clinical practice
have been implemented since 1990. Such standards have now been enforced
through various ministerial ordinances.

The PAL sets out the broad legislative framework for regulating medical
products. However, the Ministry for Health, Labor, and Welfare (MHLW) has
the authority to issue ordinances and notifications setting out the details for
regulating certain product types, such as pharmaceutical products, medical
devices, in vitro diagnostic reagents, cosmetic and quasi-drugs. For example,
Ministerial Ordinance No. 136, 2004 sets out standards for quality assurance
for drugs, quasi-drugs, cosmetics, and medical devices. This Ordinance seem-
ingly applies to drugs based on cells or tissues. The basic structure of this
ordinance reflects the principles of good manufacturing practice where a focus
is placed on the quality management system, quality control, personnel, train-
ing, documentation, and self-inspection.

Given that global trade and international harmonization are key to the
development of a sustainable life sciences industry, closer international coop-
eration is key to tackling technical barriers to trade in medicines. In addition
to the ICH process, increasingly regulatory authorities have entered into
agreements to enable them to exchange confidential information about
approval and safety of medicines.

In February 2007 the European Commission and the EMEA signed a con-
fidentiality agreement with the MHLW and PMDA to enable both parties to
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exchange confidential information relating to all legislation and guidance
documents, postapproval pharmacovigilance, scientific advice, orphan designa-
tion, good clinical practices inspections, and so forth [39]. The US FDA has
established a similar confidentiality arrangement with the European Commis-
sion and the EMEA.

1.5 CONCLUSION

This chapter introduces the legal and regulatory aspects pertaining to biologi-
cal products in the United States and in the European Union. The regulatory
laws in these two jurisdictions distinguish between conventional pharmaceuti-
cal products based on small molecules and biological products. While the legal
test for regulatory approval is firmly based on an assessment of risk—benefit
balance, the approach to such an assessment is distinctly different with respect
to biological products. This is exemplified by the publication of a recent scien-
tific review commissioned by the health ministers following serious adverse
reactions that occurred in a first-in-human clinical trial involving a monoclonal
antibody TGN 1412 at Northwick Park Hospital in London (March 2006). Six
healthy volunteers experienced severe systemic adverse reactions after admin-
istration with the biological product. The adverse reactions were characterized
as associated with cytokine release. The report emphasizes the importance of
performing appropriately conducted preclinical studies in identifying the safe
starting dose in humans. The report appears to accept that the conventional
approach based upon NOAEL (no observed adverse effect level), a concept
that is generally applicable to chemically synthesized small molecules, may not
be appropriate. Instead, the principle based on minimal anticipated biological
effect level (MABEL) is a good model for defining the safe starting dose,
taking account of the novelty of the agent, its biological potency, its mechanism
of action, the degree of species-specificity of the agent, the dose-response
curves in vitro and in vivo. This concept is also articulated in the FDA guidance
in consideration of lowering the starting dose based on a variety of factors
that include the pharmacologically active dose (PAD) [38].
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2.1 INTRODUCTION

The genomics revolution over the past 20 years and subsequent sequencing
of the human genome have provided opportunities for the pharmaceutical
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industry in terms of drug targeting and identification of novel therapeutics.
Advances in molecular biology and genetics have also played significant roles
in the pharmaceutical development of these novel products. Specifically, the
biomanufacture of protein therapeutics has relied on genetically engineered
production systems. Biomanufacturing has evolved out of heterologous gene
expression technology of the 1980s and 1990s and continues to evolve. From
bacterial hosts to yeast to mammalian cells to even transgenic plants and
animals, novel approaches have been developed to increase the capacity, effi-
ciency, and safety of biopharmaceuticals.

In parallel, protein purification and characterization techniques have also
markedly improved, increasing the yields and speeding analysis time for bio-
logically active proteins. With this developing technology, biopharmaceutical
production has been able to diversify from bacterial cells to yeast to mamma-
lian cells and now into transgenic “bioreactors” (e.g., goats, cattle). Through
an understanding of these novel production systems, the advantages of this
new technology in contributing to the successful production of novel biophar-
maceutical products can be realized.

At present, over 20 therapeutics produced via recombinant technology are
currently on the market [1]. These products range from monoclonal antibodies
to interferons (IFNs) to growth factors to human insulin. While in many cases
relatively small-scale production in bacterial, yeast, or cell culture systems are
amenable for proteins required in microgram quantities, new products are
being developed requiring significantly higher doses and long-term adminis-
tration. Thus the need for higher capacity manufacturing systems has arisen.
In particular, protein production in transgenic animals has become the method
of scale-up or a necessary choice for some protein therapeutics. Production in
milk of transgenic sheep, goats, or cattle may yield between 5 and 30g/L of
recombinant protein, which is far beyond the production capacity of mam-
malian culture systems [2].

In 1969 the National Environmental Policy Act (NEPA) was enacted. This
act requires that all federal agencies assess the environmental impacts of their
actions and ensure that the interested and affected public is informed of envi-
ronmental analyses [3]. The Food and Drug Administration (FDA) is required
under the NEPA to consider the environmental impact of approving drug and
biologic applications as an integral part of its regulatory process. The FDA’s
regulations in 21 CFR part 25 specify that environmental assessments (EAs)
must be submitted as part of certain new drug applications (NDAs), abbrevi-
ated applications, applications from marketing approval of a biological prod-
ucts (BLAs), supplements to such applications, investigational new drug
applications (INDs), and for various other actions (see 21 CFR 25.20), unless
the action qualifies for categorical exclusion [3].

The issue of product comparability when manufacturing processes or
systems are changed, in particular, poses an important challenge to the phar-
maceutical and biotechnology industry. For example, how should a sponsor
demonstrate that proteins secreted into the milk of transgenic cattle or goats



HOST SYSTEMS FOR BIOPHARMACEUTICAL PRODUCTION 23

are comparable with those produced in E. coli or CHO cell systems? What
methodologies should be employed to demonstrate product comparability?
The need for analytical studies, in vitro testing, preclinical animal studies, or
new clinical data will depend on the significance of the change in the system
and the potential effect on the biologic product.

The systems available for production of biopharmaceuticals, and the
approaches to introducing new technologies into the drug development process
are discussed in the sections that follow.

2.2 HOST SYSTEMS FOR BIOPHARMACEUTICAL PRODUCTION

An overview of the manufacturing systems employed for the production of
protein therapeutics is presented in Table 2.1. The advantages and disadvan-
tages of the various manufacturing systems, as well as examples of therapeutic
proteins currently marketed or under development utilizing these systems, are
also presented.

One of the earliest and simplest expression systems for biopharmaceutical
production is the eukaryotic bacteria, E. coli. The biology of E. coli is well
understood, and bacteria are simple to grow and genetically stable. E. coli can
accumulate extremely high concentrations of exogenous proteins in their cyto-
plasm (up to 20% of their total cellular protein), and can translocate proteins
from the cytoplasm to the periplasm [4]. Although E. coli has proved to be a
suitable host for a number of therapeutically useful proteins including IFNs,
growth factors, and tissue plasminogen activator (tPA), E. coli cannot perform
many of the same posttranslational modifications achievable in mammalian
cells, and hence their utility is limited. Moreover many proteins expressed in
E. coli will form insoluble inclusion bodies, and purification may be compli-
cated [5].

Yeast strains such as Saccharomyces cerevesia and Pichia pastoris have also
proved useful for expression of biotherapeutics. Yeast are rapidly growing
eukaryotic cells, and they perform many of the same secondary protein modi-
fications as mammalian cells. Yeast are inexpensive to grow and maintain, and
can also secrete recombinant proteins directly into the culture media. This
makes yeast very suitable for large-scale production of recombinant human
proteins. Pichia pastoris are specifically capable of expressing correctly folded,
secreted proteins, including those containing high levels of disulfide bonding.
Secreted proteins can often be easily and efficiently purified from the fermen-
tation media, often with only a single chromatographic step. For example,
recombinant insulin was among the first proteins to be produced in large
quantities in yeast [6]. While yeast do serve as excellent hosts for expression
of recombinant proteins, they still do not perform all functions similar to mam-
malian cells, and can be extremely sensitive to temperature, aeration, and
methanol concentration [7]. Marketed recombinant proteins produced in yeast
include human insulin (Novolin®), granulocyte macrophage colony stimulating
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factor (Leukine®), and hepatitis B vaccine (Engerix®) [1]. Other products
currently under study produced in yeast include influenza neuraminidase,
botulinum neurotoxin A binding domain, and monoclonal antibody variable
fragments [8].

Recombinant proteins can also be expressed in mammalian cell systems
including Chinese hamster ovary (CHO) and baby hamster kidney (BHK)
cells. While the initial bioreactor setup for these mammalian systems can be
more costly than for either bacterial or yeast systems, mammalian cells can
still produce large quantities of posttranslationally modified, viable recombi-
nant product [2]. Indeed the majority of biopharmaceutical products marketed
today are produced in mammalian cells, primarily CHO cells (Table 2.1).
Mammalian cell approaches are often required when protein function is
heavily dependent on posttranslational modifications, including glycosylation,
phosphorylation, or acylation. Many protein biopharmaceutical products
including DNAse I (Pulmozyme®), tissue plasminogen activator (Retavase®),
erythropoietin (Epogen®), and FSH (Follistem®) can only be produced in their
native structure in mammalian cells. Many mammalian cell systems are also
highly inducible, meaning that expression of the desired product can be tightly
controlled and highly stimulated. Methotrexate, for example, was used to
select for high levels of dihydrofolate reductase (DHFR) expression in CHO
cells producing recombinant tPA [2]. Among other advantages of mammalian
cell systems are the numbers of distinct, specialized cell types available, growth
of some cell types in suspension culture, and the ability of host cells to seques-
ter proteins into specific cell compartments or secrete proteins directly into
the culture media [9].

Despite these many advantages mammalian cells do not possess all the
necessary enzymatic machinery to properly posttranslationally modify every
recombinant protein. In many cases mammalian cell lines lack the enzymes
necessary for proper sialylation of proteins [2]. While it is possible to stably
introduce these sialyltransferases into the host cell,expression of these enzymes
normally decreases with time and adds an extra variable to an already com-
plicated cellular process. Another challenge with mammalian cells is that they
often require a solid matrix for adherent growth. While many cells can be
grown in suspension, others such as CHO must utilize large-scale spinner
culture or microbead technology to achieve maximum yields. In many cases
expression and growth of mammalian cells is not indefinite. Most cells exhibit
a limited passage number, decrease their expression of recombinant protein,
and cease to grow. Thus well-developed master cell banks and working cell
banks must be constantly maintained in the event of contamination or loss of
the culture [2]. Additionally mammalian cell culture is significantly more costly
than bacterial culture with respect to growth media components such as serum
and antibiotics.

Recombinant human proteins may also be expressed in baculovirus, such
as Spodoptera frugiperda (SF9) cells. These viruses possess large genomes
capable of accommodating extremely large exogenous DNA sequences.
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Numerous shuttle vectors are available that facilitate convenient transfer from
bacteria or mammalian cells. Proteins such as HIV Gp 160, carcinoembryonic
antigen, and a form of influenza vaccine have successfully been expressed in
baculovirus systems [9]. Potential disadvantages of this system include inap-
propriate posttranslational modifications, use of insect rather than mammalian
cells, and characterization of both the baculovirus and SF9 insect cells used.

In the future, neoplastic cells including spontaneous or virus-transformed
cells, or other immortalized cell lines, may also serve as a preferred cell sub-
strate for recombinant protein production. The use of malignant cells as host
systems for recombinant proteins represents a natural extension of using neo-
plastic cells to produce purified biologicals, including interferons and mono-
clonal antibodies [10]. Obvious concerns with these agents as host systems for
vaccine production include contamination with viable tumor cells or other
adventitious agents. Contamination from residual DNA or biologically active
proteins is also a possibility. Finally tumors are by nature heterogeneous, often
consisting of numerous cell types exhibiting several distinct phenotypes and
genotypes. Controlling for this heterogeneity represents an additional chal-
lenge for development of vaccines from neoplastic cell systems [10].

Transgenic plants might also be used for production of recombinant pro-
teins. While many of these systems are still early in the development stage,
plants offer very robust and high-capacity system for biopharmaceutical pro-
duction. Since plants cannot always properly modify proteins as mammalian
cells, their utility may be limited. However, early studies suggest that plants
may serve as useful hosts for production of vaccines and antibodies. For
example, HepB surface antigen has been successfully expressed in potatoes
[11], and clinical trials are underway with secretory antibodies (SIgAs), such
as CaroRx™, developed in plants [12].

Expression in transgenic animals, particularly dairy cattle, sheep, and goats,
is a viable option for achieving large-scale recombinant protein production.
Unlike bacterial, yeast, or mammalian cell systems, transgenic animal systems
can express recombinant proteins in the milk at quantities up to 30g/L. In
addition to vastly increased capacity, milk provides a relatively simple matrix
for purification [2]. Monoclonal antibodies, for instance, have successfully been
expressed in transgenic mice and goats [13]. Furthermore transgenic animals
are also capable of producing complex proteins folded with many of the post-
translational modifications such as glycosylation, amidation, and gamma-
carboxylation [14].

As with any other biological system, transgenic animals are still susceptible
to those adventitious agents capable of affecting bacterial, mammalian cell, or
yeast systems. Moreover, unlike cells and bacteria, a somewhat greater degree
of intraindividual genetic variation may be observed with a transgenic herd.
Variability in food intake and/or milk production also represent points to
consider in the development of transgenic animal populations. Characteristics
of these various expression systems and examples of recombinant proteins
produced using these technologies are described in Table 2.1.
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2.3 GUIDELINES FOR THE PRODUCTION AND ACCEPTANCE OF
RECOMBINANT PROTEINS IN BIOLOGIC SYSTEMS

As is the case for any new chemical entity, the FDA, the CPMP, and the Inter-
national Conference on Harmonisation of Technical Requirements for Phar-
maceuticals (ICH) have developed standards and guidelines for the production
and characterization of recombinant biological products. In the subsequent
section we will discuss some of the standards for manufacturing, release and
finally, comparability of biologics produced in conventional versus transgenic
systems. For reference, one may consult the ICH Tripartate Guidelines on Test
Procedures and Acceptance Criteria for Biotechnological/Biological Products
[15], and the FDA Points to Consider in the Manufacturing and Testing of
Therapeutic Products for Human Use Derived from Transgenic Animals [16],
the CPMP’s Guideline on Comparability of Medicinal Products Containing
Biotechnology-Derived Proteins as Active Substance [17], and the Points to
Consider in the Characterization of Cell Lines Used to Produce Biologicals
[18].

The FDA and ICH both convey messages that biologic manufacturers must
thoroughly characterize all aspects of their manufacturing process, including
the starting raw materials, strains of microbials or animals used, growth condi-
tions, methods of introducing the novel genes into the host system, methods
of isolation of the product, product characterizations including all analytical
methods utilized, batch acceptance and rejection criteria, storage, expiration,
and shipping. Regardless of the source of the recombinant protein, these
elements must be addressed to ensure the safety and efficacy of the final
product.

2.3.1 Manufacturing Criteria for Cellular Systems

For cellular systems (bacterial, mammalian cell-based, etc.) manufacturers
must describe the origin of the cell lines used, the general characteristics,
and genotype (if known) of the master and working cell lines, including any
known genetic markers and the source tissue (if known). Growth conditions,
including all components of the culture media, antibiotics, and/or growth
factors should also be described. Production, characterization, and storage of
both the master and working cell banks should be discussed. Master cell banks
should be characterized for morphology, species of origin, split ratio, function-
ality, and identity. Working cell banks should be routinely characterized for
contamination, sterility, and presence of viruses. Composition and source of
the culture media and any other additional factors (serum, antibiotics) should
be described.

Manufacturers should include reasonable detail about the source of the
gene to be expressed, including, if known, the complete DNA sequence and
any regulatory elements, the method of introduction of the recombinant gene
into the host cell, and methods for identification of the transformed host.
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Manufacturers should also describe all reagents utilized, selection criteria,
methods for screening for recombinant protein and monitoring for stability or
maintenance of gene expression (periodic testing). Production conditions
should also be described, including the length of collection, the total batch size
(cell number or volume), and frequency of recovery. Isolation procedures,
including centrifugation techniques, chromatographic, or other biochemical
techniques required for product purification, should also be described and
validated for each biologically produced material. Finally, stability of the
product should be determined, and storage conditions for the purified material
and standards for acceptance or rejection should also be well defined [19].

2.3.2 Manufacturing Criteria for Transgenic Animals

The FDA and EU have also established specific guidelines for the manufacture
and testing of therapeutic products derived from transgenic animals [16]. The
FDA has specified its expectations on the use of transgenic animals for produc-
tion of biopharmaceuticals, including relevant scientific points that should be
addressed in any subsequent regulatory submission. Guidelines for biologic
production in transgenic animals essentially follow those for cell-based
systems.

Similar to cell-based systems, it is expected that sponsors provide detailed
information on their genetic construct, including description of the native
protein, the genetic structure of the transgene, any cloning and purification
methods used, and any vectors such as yeast artificial chromosomes (YACs).
The sponsor’s strategy to create the final transgene construct should also be
described. Specific DNA elements within the transgene, including enhancers,
promoters, repressors, or other control regions, should be discussed, particu-
larly if they are to have a planned effect on expression of the transgene.

The manufacturer should further describe production of the initial founder
animals, including the history of the animals donating the gametes. Like master
cell banks, transgenic production animals should have detailed veterinary
records. The method of introduction of the transgene into the recipient
animal(s) should be described, as well as characterization of methods used to
assess transgene expression. Again, acceptance criteria should be established
for presence of the transgene and to confirm expression of the transgene
within desired limits in the transgenic animals. Also any deleterious effect of
transgene expression on the animal’s health should be duly noted.

Next, the transgenic animals must be monitored for stability of the trans-
gene. This should continue through several rounds of germ-line passage using
DNA analytical methods such as Southern blots. Then, stability of expression
of the transgene must be established. While the transgene may be present in
the transgenic animal, expression must be maintained. Unlike cell lines, trans-
genic animals cannot be stored indefinitely. Thus approaches must be devel-
oped to ensure that the transgenic product remains available for an extended
period of time. This can be likened to the use of master cell banks (MCBs)
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and working cell banks (WCBs). These might be termed Master Transgenic
Bank and Master Working Transgenic Bank, respectively.

Breeding techniques and animal husbandry methods should be described,
including addition or elimination of animals from the production herd. Animal
feed and housing should be thoroughly described. Standards for registered
facilities may be found in the NIH Guide for the Care and Use of Laboratory
Animals [20].

Last, purification and characterization of the transgenic product should be
adequately described. Procedures such as milking, exsanguination or extirpa-
tion of tissues should be detailed so as to “maximize safety, sterility, potency,
and purity of the product.” Although collection of the biologic material may
not occur under sterile conditions, the area should be as clean as possible. The
actual production lot should be well defined, and those tests found to be sensi-
tive to potential changes in the product should be incorporated into the lot
release protocol. Naturally, products derived from transgenic animals (milk,
blood urine, semen, etc.) will have a unique set of concerns compared to a
product derived from asceptic cell culture. As is the case for the ICH guide-
lines, the FDA expects that any biopharmaceutical product derived from trans-
genic animals be thoroughly characterized with respect to safety, purity, and
potency. “The manufacturer should describe all tests performed for in-process
control and final product acceptability.” This is particularly important in trans-
genics, since unlike a relatively homogeneous cell population, a transgenic
herd may consist of numerous unique individuals with material harvested at
different times of the year in different temperatures. However, it is not very
different from using blood donations from unique human individuals for com-
position of the starting pool for purification of plasma products.

2.4 CRITERIA FOR RELEASE OF RECOMBINANT
PROTEIN PRODUCTS

The ICH expectations are that “acceptance criteria” or limits of acceptability
will be established prior to final product characterization, regardless of the
host cell system. More important, with respect to system, the final product
should be compared to appropriate reference standards (if available), and
ideally, with the naturally occurring protein. Products should be thoroughly
characterized with respect to five distinct criteria (ICH Guideline, Specifica-
tion: Test Procedures and Acceptance Criteria for Biotechnological/Biological
Products [15]):

- Physiochemical properties

- Characterization of biologic activity

« Immunochemical properties

+ Characterization of purity and potential impurities
+ Yield (quantity)
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In 1999 the ICH recommended the adoption of a series of guidelines defining
the test procedures and acceptance criteria for biotechnological and biological
products. This document provides general principles for setting a uniform set
of international specifications for biotechnology products. The principles apply
to “all proteins and polypeptides, their derivatives, and products of which they
are components.” It is assumed that these proteins are produced from recom-
binant or nonrecombinant cell-culture expression systems or transgenic animal
systems, and that they will be highly purified and characterized using appropri-
ate analytical procedures.

2.4.1 Physiochemical Properties

Any protein product, regardless of the host cell system, must be extensively
characterized. This involves describing not only the primary amino acid
structure but also information regarding any higher order structure (if
known), which may be acquired by various biochemical and analytical means
including, but not limited to, a mass spectrum, amino acid analysis and SDS-
polyacrylamide gel electrophoretic (SDS-PAGE) analysis. Other characteriza-
tions might include isoelectric focusing, anion exchange or gel filtration
chromatography, HPLC analysis, fluorescence spectroscopy, tryptic mapping,
or even circular dichroism spectra.

The manufacturer must also characterize the degree of heterogeneity in the
product with respect to glycosylation or other posttranslational modifications
using standard biochemical analyses: SDS-PAGE, Western blotting, and RP-
HPLC. Again, standards should be developed for such secondary modifica-
tions and limits set for acceptance or rejection of a particular lot of material.
If a consistent degree of heterogeneity is maintained and is deemed acceptable
for biological activity, then extensive evaluations of efficacy and safety may
not be required.

2.4.2 Biologic Activity

As for any new lot of material, assessments of biological activity should be
performed to demonstrate the efficacy of the product. This may be achieved
though the use of animal-based biological assays, cell-based assays that evalu-
ate the material at the cellular level, and biochemical activity assays such as
enzymatic action. Standards should be properly defined. Potency and efficacy
for individual lots of material can therefore be defined.

2.4.3 Immunochemical Properties

The immunochemical properties of the biopharmaceutical should also be fully
characterized. This may include binding assays of the antibody to purified
antigens, using defined regions of the antigen. Additionally the target antigen,
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and if possible, the specific epitope should also be biochemically defined, par-
ticularly if immunochemical activity defines the primary biologic action.

2.4.4 Purity and Potential Impurities

Manufacturers should be able to demonstrate purity of the material. Post-
translational modifications do not necessarily represent impurities, provided
that they can be shown to be consistent and without effect on the biological
activity. Because of the complex nature of biological systems, it is understood
that certain impurities may be present. In this case they should be character-
ized and shown to be without biological effect. Acceptance criteria should be
equal to or exceed results obtained in preclinical studies. Contamination
should be strictly controlled using well-defined in-process acceptance criteria.
Product stability should be likewise characterized based on real time studies
conducted with representative material [19].

2.4.5 Product Content

Protein or peptide content should be well defined by an appropriate physio-
chemical test. If the quantity of product can be well correlated to a specific
biological activity (standard curve), then an elaborate physiochemical test
does not need to be performed.

2.4.6 Products Made Transgenically

With respect to the final product, transgenic recombinant proteins are essen-
tially no different from proteins produced in bacterial, yeast, or mammalian
cell systems. Donor DNA must be entirely characterized, as well as the methods
for introduction of the recombinant. Production conditions should be well
defined as will be methods for product harvest, purification, and storage. The
product must be characterized for its physical and biologic properties. Many
of the primary concerns with the use of transgenic animals in fact have already
been considered during the development of purified human proteins. A number
of marketed biologics derived from human plasma or serum, such as IFN o-N3
(Alferon N®) or Coagulation Factor IX (Mononine®) are prepared from
pooled donor plasma, representing diverse donors in distinct environments.
The plasma or serum obtained must then be extensively tested for purity and
viral contamination. In a similar manner, transgenic recombinant products will
routinely be pooled from multiple individuals and examined for adventitious
agents. Following sample collection, postharvest techniques should again be
similar to those used for bacterial or mammalian cell systems. Table 2.2 high-
lights the various aspects of the manufacturing process and release criteria for
biopharmaceutical products. It becomes apparent that transgenic animal prod-
ucts must meet the same criteria as those required for other host systems.
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TABLE 2.2 Biologic manufacturing of recombinant proteins

33

Cell Substrate
Transgenic
Element of System Bacterial Mammalian Cell Animal
DNA expression + Sequence Same Same
construct + Expression vector
» Regulatory
Elements
+ Method of
Production
* Purification
+ Purity standards
Host cell/animal * Monitor * Monitor * Animal
system contamination contamination pedigree
* History of Cell Line * Monitor for
* Master and Working illness
Cell Banks
» Environmental
Growth Conditions
Method of gene * Transformation » Transfection * Embryo
transfer manipulation

Methods of identifying
or characterizing
recombinant
proteins

Production conditions
(environmental)

Method of product
recovery
Product stability

Product storage

Criteria for release/
acceptance

Growth selection

Controlled

Batch
fermentation
Product specific

Product specific

Physiochemical
Biologic activity
Immunochemical
Purity/impurities
Yield

» Antibiotic
resistance

Controlled

Batch
Fermentation
Product
specific
Product
specific

Same

Southern blots
- PCR

+ Less controlled
» Distinct
individuals
Pool multiple
individuals

» Product specific

» Product specific

Same

2.5 ENVIRONMENTAL ASSESSMENT AND
CATEGORICAL EXCLUSIONS

Any submission requiring action by the FDA must include either an environ-
mental assessment (EA) or a claim of categorical exclusion from the require-
ment for an EA (21 CFR 51.15(a)).When an EA is submitted, it is evaluated
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by the FDA and either an environmental impact statement (EIS) or a finding
of no significant impact (FONSI) is filed by the Agency (21 CFR25.15(b)).

The following actions are generally categorically excluded from needing an
EA or an EIS:

If use of the active moiety does not increase

If use of the active moiety increased, but the concentration of the sub-
stance at the point of entry into the aquatic environment (estimated
introduction concentration; EIC) will be below 1 part per billion

- If the substance occurs naturally in the environment and the action does
not alter significantly the concentration or distribution of the substance,
its metabolites, or degradation products in the environment

+ Action on an IND
The following assumptions are made in determining the EIC.

1. All of the drug product is used and enters the publicly owned treatment
works,

2. Drug product usage occurs throughout the United States in a distribu-
tion that is proportional to the population, and amount of wastewater
generated.

3. No metabolism occurs

A protein or nucleic acid comprised of naturally occurring amino acids or
nucleosides, but having a sequence different form that of a naturally occurring
substance, will normally qualify as a naturally occurring substance after con-
sidering metabolism.

The estimated introduction concentration (EIC) =

Kilogram (kg) of drug/biologic produced per year + 365 days x 10° micrograms
per kg x liters of water per day entering the POTW (publicly owned treatment
works; 1.2 x 10" liters/day) (1996 Needs Survey, Report to Congress at www.epa.
gov/own)

Refinements to the calculations can be made to correct for metabolism, phar-
macological activity of metabolites, nonproportional distribution of release,
and other factors.

The maximum expected environmental concentration (MEEC) is the con-
centration that organisms would be exposed to in the environment. It is derived
from the EIC after taking into account any spatial or temporal accumulation
or depletion factors, such as dilution, degradation, or bioaccumulation. If a
drug is rapidly inactivated or degraded under environmental conditions, then
it is generally not necessary to institute further testing. If not, then tiered
environmental (ecotoxicity) testing is required.
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INDs generally involve relatively small amounts of drug and treatment of
a limited number of recipients, so the environmental exposure is usually low.
INDs are evaluated on a case-by-case basis to determine if extraordinary cir-
cumstances exist. Extraordinary circumstances include situations where there
is potential for serious harm to the environment at the expected level of expo-
sure, lasting effects on ecological community dynamics, or an adverse effect
on an endangered specie or habitat of an endangered specie. The determina-
tion of extraordinary circumstances can be based on information from the
agency, the sponsor, published sources, and other sources. Most commonly
INDs will be submitted with a request for categorical exclusion from EA.

An example of an EA for a typical IND is provided below:

[Company name] certifies that [drug or biologic name] is intended for use in
clinical studies in which waste will be controlled and the amount of waste
expected to enter the environment is expected to be nontoxic. Therefore, in
accordance with 21 CFR 25.31, we request categorical exclusion from providing
an environmental assessment.

2.6 DEMONSTRATION OF COMPARABILITY WHEN
A MANUFACTURING SYSTEM IS CHANGED

In its Guidance on Demonstration of Comparability of Human Biologic
Products, including Biotechnology Derived Products [18], the FDA formally
elaborated its position on the steps manufacturers must take to demonstrate
comparability following manufacturing changes (see Chapter 8). The FDA’s
position is for sponsors to discuss any potential changes with them prior to
implementation to prevent unnecessary duplication of resources. These guide-
lines are applicable to any type of manufacturing change including changes
from bacterial to mammalian cell to transgenic expression systems. While this
list is not exhaustive, some of these potential changes include the following:

+ Changes in DNA vector

+ Changes in host cell system

« Changes in fermentation/culture process
« Equipment changes

+ Changes in raw materials

« Changes in purification techniques

« Changes in storage conditions

Sponsors may make changes in manufacturing processes for a particular
product for a number of reasons, including improvement of quality, yield,
or simply manufacturing efficiency. Such changes may be frequent, and
manufacturing changes have been successfully made during or even after the
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completion of clinical studies. In these situations comparability data have
provided assurance that the product would continue to be safe, pure, and
effective. For example, in the past such changes have included conversion from
pilot plant to full-scale production, a move of the production facilities from
one location to another, and implementation of changes in different stages of
the process such as fermentation, purification, and formulation. For changes
made prior to product approval, the sponsor must fully describe the changes
in any license application or investigational new drug application (IND). The
criteria for establishing product comparability include the following:

« Biochemical characterization
« In vitro and in vivo bioactivity
« Pharmacokinetics

- Safety

In terms of product identity and biochemical characterization, when manu-
facturers transition from one system of production to another, qualified
product standards are used to judge product identity and purity. Biologic activ-
ity testing either in vitro or in vivo are also frequently standardized and can
be consistently performed on protein products derived from any production
system whether it be bacterial, mammalian, or intact organism. In most cases,
however, mimicking the biological activity in the clinic following a change in
the manufacturing process would not be required provided that cell or bio-
chemical assays can be shown to correlate to clinical response.

Regardless of the cell substrate utilized for biologic production, consistency
in both upstream and downstream production processes will also play an
important role in validating any novel biological system. Detailed knowledge
of the stepwise manufacturing paradigm and elaboration of these methodolo-
gies may compensate to a large extent for changes in starting materials. Nev-
ertheless, manufacturers should make available to the FDA extensive chemical,
physical, and biological comparisons with side-by-side analyses of the old and
new lots of material. Most important, tests should include those routinely used
for release of the bulk drug substance and final drug products in addition to
those tests aimed at evaluating the impact of the change on the product. Basi-
cally the regulatory position suggests that sponsors follow their normal pro-
cedures when implementing a manufacturing change, namely demonstrating
comparability. The tests should be sensitive to detect any alteration induced
by the manufacturing change [21]:

These tests should include tests routinely done on all production lots, those initially
used to fully characterize product structure and identity and establish product
consistency from one production lot to another . ..

An example of changes in manufacturing system and how comparability
was assessed from a regulatory perspective involves interferon B-1a (IFNf-1a).
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Recombinant IFNf-1a is produced in CHO cells, and the primary amino acid
sequence of the recombinant protein produced by these cells was identical to
the naturally occurring IFNB. IFNB-1a is a single, glycosylated polypeptide 166
amino acids in length. An initial batch of drug product, termed BG9015 was
used in phase 3 clinical trials. The sponsor subsequently developed a new CHO
cell line carrying the IFNfB-1a gene and designated the product isolated from
these cells BG9216. These particular CHO cells harboring the IFNB-1a gene
were adapted for the suspension culture. Data supporting the use of this cell
line were submitted to the FDA, and it was determined that the specific activ-
ity of BG9216 was greater than BG9015 and contained an additional peak in
the peptide map. Pharmacokinetic studies also demonstrated that BG9216 was
not equivalent to BG9015. With these data the FDA determined that BG9216
was not comparable to BG9015.

The sponsor then developed yet another IFNB-1a cell line, and the product
produced by these cells was designated BG9418. This product was extensively
characterized and compared side by side with BG9015. Biological, biochemi-
cal, and biophysical analyses demonstrated that the two molecules were com-
parable. Biological activities of each molecule were similar using several
different antiviral and antiproliferative assays. Chromatography of peptides
derived by proteolysis of the two proteins was nearly identical. Carbohydrate
analysis was also performed, and both forms exhibited similar patterns. In this
case the sponsor further performed clinical pharmacokinetic studies and
showed that the two forms behaved identically. Based on these data, the FDA
determined that drugs BG9015 and BG9418 were comparable and that data
obtained during the study of BGY9015 would support the licensing of the
BGY418 molecule [22].

Change to an entirely new host cell system can also have either minor or
significant effects on recombinant protein production. In a comparison of five
distinct eukaryotic cell expression systems, Geisse et al. [9] assessed the expres-
sion of human leukemia inhibitory factor (hu-LIF) in five of the most com-
monly used cell lines. The yields and quality of protein product were assessed
in CHO, Sp2/0, MEL, COS, and baculovirus-infected insect cells. Although
recombinant, biologically active product was produced in every case, yields
and glycosylation patterns varied widely among the systems. To date, such
significant changes have yet to be implemented into a biologic manufacturing
paradigm.

2.7 APPLICATION OF COMPARABILITY CRITERIA TO A NEW
MANUFACTURING TECHNOLOGY

The potential impact induced by changes in manufacturing systems cannot be
assumed. Thus major changes in the host system may or may not impact a
product’s identity or activity. Applying sound scientific principles of safety and
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efficacy will permit manufacturers and regulators to objectively assess the
impact of manufacturing changes.

Changes can occur in the manufacturing system at any point in the drug
development cycle, and the extent of comparability testing may be related to
the timing of such changes. Regardless of the stage of development, the FDA
encourages sponsors to consult with them prior to instituting any major change
in the manufacturing process. For biological products that the FDA has
approved, the sponsor should submit information about manufacturing changes
pursuant to 21 CFR 601.12 or 21 CFR 314.70(g) along with any FDA guidance
on the changes described. The European Agency for the Evaluation of Medici-
nal Products (Committee for Proprietary Medicinal Products) has issued
similar comparability statements in its year-end 2003 publication [17].

In general, the later in the development process a change takes place, the
more studies may be expected to be conducted. Thus it is advantageous for
biologic manufacturers to select an overall manufacturing approach as soon
as possible. Similarly manufacturers will likely need to demonstrate some form
of comparability each time major change takes place in the development
process (see Figure 2.1.). Naturally, the best time to make significant changes
to a biomanufacturing system is during the early development phase. If this is
the case, few or potentially no comparability studies may be needed. When
manufacturing changes are instituted during the preclinical (pre-IND) phase,
limited batch comparison studies may be required to demonstrate comparabil-
ity, but formal bioequivalence testing, including animal toxicology or pharma-

PHASE OF DEVELOPMENT

PRECLINICAL ‘ PHASE 1 PHASE 2/3 ‘ PHASE 4
IND BLA
Scenario 1 MAMMALIAN MAMMALIAN TRANSGENIC TRANSGENIC
CELL A CELL B ANIMALS ANIMALS
Physiochemical Physiochemical Physiochemical NONE
COMPARABILITY Equivalence Equivalence Equivalence
NEEDS Biological Activity Biological Activity Biological Activity
+/- Animal PK Studies Clinical Equivalence*
Scenario 2 MAMMALIAN MAMMALIAN MAMMALIAN TRANSGENIC
CELL A CELL B CELL C ANIMALS

COMPARABILITY
NEEDS

Physiochemical
Equivalence
Biological Activity

Physiochemical
Equivalence
Biological Activity
+/- Animal PK Studies

Physiochemical
Equivalence
Biological Activity
+/- Animal PK Studies

Physiochemical
Equivalence
Biological Activity
Clinical Equivalence*

*Pharmacodynamic equivalence as demonstrated by validated surrogate markers or primary clinical endpoints.

Figure 2.1 Comparability needs in relationship to development stage.
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cokinetic studies, may not be required. The sponsor, in its application, should
provide a rationale for the types of comparability testing performed based on
the nature of the change in the manufacturing system.

In most cases changes in a manufacturing paradigm are unlikely to impose
drastic changes in product quality. However, even if purity and identity can be
unequivocally established following a change in manufacturing system, animal
pharmacokinetic or pharmacodynamic studies may be warranted. While a
subtle change in product quality may have little or no impact on the toxicologi-
cal profile of a biologic, changes in glycosylation, in protein folding, or in the
tertiary structure could impact the pharmacodynamics of a biologic. Ulti-
mately, if clinical studies are warranted, product innovators will frequently
have at their disposal surrogate markers of efficacy and/or toxicity. These
markers should allow more limited studies with defined surrogate endpoints
in lieu of costly pivotal clinical trials. Identification and validation of these
surrogate markers in Phase 2 and 3 studies, respectively, will be an increasingly
important step in the development of any novel biologic.

When a manufacturing change occurs during the clinical phase (between
the IND and BLA or NDA), the sponsor will need to demonstrate that batches
used are chemically, biologically, and perhaps clinically equivalent. Again,
pharmacodynamic equivalence should be verified using a validated animal
model. Clinical pharmacokinetic studies might be warranted if chemical, bio-
chemical, and animal pharmacodynamic studies cannot demonstrate compa-
rability with the earlier product. This is demonstrated in scenario 1 in Figure
2.1. As was the case for IFN B-la discussed above, the sponsor needed to
demonstrate that the product produced in the new CHO cell line was biologi-
cally equivalent to the earlier version used in an initial clinical study.

Finally, manufacturing changes might also be introduced in the post-
approval phase (Figure 2.1, scenario 2), namely after the initial, approved
version of the product has already been on the market. Sponsors might pursue
limited pharmacodynamic studies provided that chemical and biochemical
equivalence can be established. In such a case that physiochemical or biologic
comparability cannot be demonstrated following a manufacturing change
during the postmarketing phase, clinical batch-to-batch comparability must be
demonstrated.

2.8 SUMMARY AND CONCLUSIONS

Numerous manufacturing systems are presently available for large-scale
expression of recombinant proteins. Bacteria, yeast, mammalian cells, and
transgenic animals have all been successfully utilized for large-scale produc-
tion of recombinant biologics. In most cases the recombinant product is a
cloned version of a previously purified human or animal protein; thus refer-
ence standards are available for comparison. The FDA and the European
Regulatory Agency have since developed standards for both the production
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and characterization of protein therapeutics produced using recombinant
technology. These standards address the identity, purity, stability, and biological
activity for recombinant proteins. Moreover, since it is expected that novel
technology will facilitate conversion from one production method to another,
both the FDA and the European CPMP have provided guidance on demon-
strating comparability following changes to a manufacturing system. These
guidances have provided a common pathway that can be followed for incor-
porating and evaluating changes within a biologic manufacturing system.

Any submission requiring action by the FDA must include either an envi-
ronmental assessment (EA) or a claim of categorical exclusion from the
requirement for an EA. INDs are frequently submitted with a request for
categorical exclusion from EA, since they generally involve relatively small
amounts of drug and treatment of a limited number of recipients such that the
environmental exposure is usually low.

The criteria for demonstrating comparability are dependent on both the
final product and its stage of development, rather than on perceived degree
of change, especially as one may change host systems radically. While recom-
binant proteins in general are often more complex than small molecule drugs,
the approach and standards for product comparability are similar. Structure,
identity, purity, and biologic activity still remain the final endpoints of analysis,
regardless of whether a novel drug is a small molecule or large, recombinant
protein. While the process and its consistency and predictability are very
important, the final drug product is the entity from which safety and efficacy
will be evaluated. It is the responsibility of drug manufacturers to demonstrate
product safety and efficacy of the final drug product throughout the develop-
ment cycle where changes in process and manufacturing systems are common.
With adherence to scientific principles and regulatory guidance, the develop-
ment and commercialization of novel protein therapeutics utilizing manufac-
turing systems that meet the production needs of new lifesaving therapeutics
should be realized.
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3.1 HISTORY OF PRECLINICAL SAFETY EVALUATION

The conduct of toxicology studies in laboratory animals has been driven by
experience, historical precedence, and governmental requirements, and the
results of these studies usually, and reasonably, have led to restrictions on the
use, or method of use, of the chemicals concerned [1]. The primary objective
of pharmaceutical preclinical safety evaluation is to provide information
essential for the initiation of clinical trials. Scientific rationale and controlled
reproducible data are used to show that the initial human risk is so low as to
be ethically and practically acceptable in relation to the medical value of the
information to be obtained from humans. Preclinical safety studies performed
throughout the course of product development facilitate and may guide work

Preclinical Safety Evaluation of Biopharmaceuticals: A Science-Based Approach to Facilitating
Clinical Trials, edited by Joy A. Cavagnaro
Copyright © 2008 by John Wiley & Sons, Inc.
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TABLE 3.1 Objectives of preclinical safety evaluation

» To permit initiation of clinical trials and to support subsequent clinical
investigations

» To recommend safe starting dose, dose escalation scheme, regimen, and route of

administration

To identify potential target organs of toxicity

To identify parameters to monitor in the clinical trial (e.g., biomarkers of safety

and activity)

» To discern the mechanism of activity/toxicity and reversibility or delay of effects

To identify “at-risk” human populations by thorough definition of study subject

inclusion/exclusion criteria

+ To provide safety data to support product labeling claims

» To provide data to support potential product liability concerns

+ To provide critical information to support termination of a potentially unsuccessful
development program in a timely manner

in healthy volunteers and patients by confirming the acceptability of the risk—
benefit ratio of the proposed clinical development and how to minimize any
foreseeable risks (see Table 3.1). Efforts devoted to improving the predictive
value of preclinical studies are critical to achieving these objectives.

In the early 1950s guidelines and standard approaches for general toxicity
testing were introduced in the form of acute subchronic and chronic toxicity
studies to help predict human risks. The increase in the number of new drugs,
chemicals, and environmental pollutants led to the introduction of additional
toxicological tests to screen for specific mutagenic, teratogenic, and other
reproductive and/or carcinogenic activities to better determine toxicity to
specific organ systems. This testing became standardized. During this time
these approaches for toxicity testing were considered essential in ensuring
adequate coverage of potential risks and in promoting consistency and improv-
ing the quality of data for review. They also provided guidance to industry on
testing strategies that would generally be acceptable for evaluation by regula-
tory authorities.

In the late 1960s the FDA Goldenthal guidelines described, in general, the
types of preclinical studies that could be used in support of the several phases
of clinical investigation as well as the approval of a new drug application. Admit-
tedly the guidelines were not intended to be used as protocols, but merely as
guides [2]. The agency stated that it was in full agreement with the critics of
current practices—and that the toxicology assessment of new drugs should keep
pace with the more sophisticated technology, consistent with the objective of
being as critical and comprehensive as possible. It was acknowledged that devel-
opment of new methods in drug evaluation was proceeding at a rapid rate. The
agency correctly cautioned that general acceptance of new procedures would
be predicated on their applicability and predictive value [2].

When originally promulgated, the 1968 guidelines were intended to provide
a framework of guidance on which a testing program for a specific compound
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could be built. In practical usage the term “guideline” has come to connote a
list of necessary tests to meet minimum regulatory requirements. Although
guideline connotes various meanings to different individuals, to the toxicolo-
gist it has traditionally meant a comprehensive set of rules to follow for the
testing of new drugs for registration with regulatory authorities. In the extreme
itis a “check box” approach to the toxicity testing of new compounds for safety
assessment. Thus lists of specific tests have come to be seen as absolute require-
ments for product registration, and not doing a test would mean not following
the guidelines. However, comprehensive guidelines can only be based on what
is known or can be anticipated [3].

Similar approaches were adopted by major regulatory authorities in other
countries, including the United Kingdom, France, Germany, Italy, and Scandi-
navia and subsequently the European Union. The official agencies and the
pharmaceutical industries’ own experts have published recommendations
for a wide range of types of toxicity tests to provide comprehensive data in
stardardized form for assessment.

3.2 ICH S6: A NEW APPROACH TO PRECLINICAL
SAFETY EVALUATION

Biopharmaceuticals have brought new challenges to toxicologists. In the early
1980s neither industry toxicologists nor regulatory scientists were sure of what
constituted an appropriate toxicological assessment program for biopharma-
ceuticals. It was fortuitous that interferon, an extremely species-specific protein
was one of the first human biopharmaceutical products. Despite performing a
“traditional” toxicity package, including assessment in multiple species, toxi-
cologists found that the animal studies did not predict the common adverse
events observed in humans [4].

In 1986 the Biotechnology Working Party was established in Europe to
focus on specific issues related to the development of biotechnology-derived
pharmaceuticals. In July 1986 a Satellite Symposium to the IV International
Congress of Toxicology was held in Tokyo, Japan. Approximately 135 scientists
representing virtually all major countries attended the symposium. Among the
attendees were government regulatory scientists, university scientists, and
industrial scientists and research managers, all with an interest in the develop-
ment of new biotechnology products [5]. A few statements made during this
meeting are worth noting as they introduced an approach to preclinical safety
evaluation that would distinguish the practice of biopharmaceutical preclinical
development for the ensuing two decades.

The availability of modern biotechnology products opens a wide range of excit-
ing therapeutic possibilities. . . . For many areas of potential toxicity, no satisfac-
tory safety tests are available, and most of the existing models are not yet
properly validated. Nevertheless, since progress can only be made through
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accumulation of experience, it appears reasonable to suggest that a considered
effort be made to develop and to use scientifically sound experimental systems,
and to refrain from following the beaten track of routine toxicity testing. [4]

There is no place for detailed programs of rigidly pre-defined tests to be applied
automatically to all products. Instead, useful information will only be obtained
if the need for any experimentation at all is decided according to the specific
properties and planned uses of each compound. Then, the nature of the studies
should be adapted to those individual circumstances. Toxicity testing in this area
is most like a series of pharmacological explorations and should not be expected
to follow conventional rigid guidelines. [6]

In part our [FDA] experience with the endocrine drug products (the peptides)
has influenced our approach for other proteins. We recognize that we do not
know enough about the pharmacology of many of the new immunomodifiers and
many of the other protein products. I believe the case-by-case approach is the
most sensible course at this time I'm sure that as we learn more about the phar-
macology of a class of proteins, for example, that our approach will be modified
for that class. [7]

Consistent with the case-by-case approach, some toxicological studies will follow
a traditional approach, while others may deviate. Instead of focusing on proce-
dures (length of studies, number of groups, number of animals, number of species,
etc.) it would be best to focus on the goal behind such testing in order to identify
and understand the potential toxicity of the agent. [8]

Based on experiences gained over the intervening decade, a concept paper
was proposed by the FDA in 1995, under the auspices of the International
Conference on Harmonization of Technical Requirements of Pharmaceuticals
(ICH), for a new safety topic specifically relating to the preclinical safety
evaluation of biotechnology-derived products. In February 1997 the Thirteenth
CMR International Workshop provided an opportunity for international
experts to discuss experiences and difficulties encountered in designing scien-
tifically based preclinical safety evaluation programs for biopharmaceuticals.
This two-day meeting brought together toxicologists and clinicians, from 32
pharmaceutical and biotechnology companies and regulators and regulatory
advisors from the European Medicines Evaluation Agency and 9 countries:
Denmark, France, Germany, Italy, Japan, the Netherlands, Sweden, the United
Kingdom and the United States [9]. Recommendations arising from the CMR
Workshop were taken into consideration by the Expert Working Group for
the final drafting of ICH S6 guideline and agreement was reached at ICH 4
in Brussels in July 1997 [10].

At the ICH 4 meeting ICH M3 was also finalized, acknowledging that that
there had been marked changes in the kinds of therapeutic products being
developed (e.g., biotechnology-derived products) and that existing paradigms
for safety evaluation might not always be appropriate or relevant. As such the
safety evaluation of biotechnology-derived products should be considered on
a case-by-case basis, as described in ICH S6 [11].
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The principles of case-by-case assessment were also suggested in a 1998
paper by DeGeorge et al. entitled “Regulatory Considerations for Preclinical
Development of Anticancer Drugs.” The authors acknowledged that basic
research continues to provide information about new cellular mechanisms
central to malignancy and often leads to drugs that attempt to exploit those
mechanisms. The optimal development of a new class of drug may differ from
successful approaches used in the development of older well-established classes.
The authors commented that new biological endpoints and new methods in
toxicology may be discovered that cannot be anticipated. The recommenda-
tions in the manuscript emphasized the concerns to be addressed and the
importance of avoiding excessively restrictive and specific guidelines so as not
to impede the development of innovative therapies for clinical use [12].

3.3 PRINCIPLES VERSUS PRACTICES

The basic principles of toxicology are applicable across product classes. It is
the specific attributes of the product that have the greatest influence on the
successful practice of biopharmaceutical toxicology (see Table 3.2). This focus
on product attributes has defined the case-by-case approach. Table 3.3 pro-
vides a further definition of the case-by-case approach (see Table 3.3).

Pharmaceuticals and biopharmaceuticals can be viewed as a product con-
tinuum based on size and complexity in molecular structure. However, as
products have evolved, there has been a blurring of product attributes. Small
molecules have become larger as the result of alternative scaffolding technolo-
gies (e.g., forming protein conjugates and fusion proteins) in order to improve
exposure characteristics and dosing regimens. Large molecules have become
smaller (e.g., antibody fragments and protein mimetics) in order to improve
distribution and decrease potential immunogenicity. There are small molecules
in development that exhibit unique species specificity making the traditional
test species, rat and/or the dog, less relevant for safety assessment. Novel
delivery technologies are also enabling alternative routes of delivery for bio-
pharmaceuticals, such as by the oral and inhalation routes. Some products such
as oligonucleotide drugs (ODNs) may have combined product attributes. For
example, ODNs are synthetically derived but have complex chemical profiles
and are catabolized in ways similar to those followed by certain biopharma-
ceuticals. Although toxicity assessments are designed to address hybridization-
independent effects, some ODNs can also exhibit species specificity where
analogous sequences may be needed to assess hybridization-dependent effects,
namely toxicity related to exaggerated pharmacology.

3.4 IMPLEMENTATION OF ICH S6 GUIDANCE

The optimal preclinical development of a biopharmaceutical product has ben-
efited from experience. This is because the strategy for designing programs is
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TABLE 3.2 Comparative product attributes

Product Attribute Pharmaceutical Biopharmaceutical

Manufacture Chemical synthesis Biological synthesis (cell
culture, transgenic
plants, transgenic
animals)

Composition Commonly organic chemical Protein, carbohydrate,
DNA, virus, bacteria,
cell

Structure Well-defined, linear Complex, tertiary
structure

Size Generally <1kDa Generally >30kDa up to
800kDa

Purity Homogeneous single-entity high Heterogenous mixture

chemical purity (except racemic (microheterogeneity,
mixtures) aggregates)

Impurities Easy to qualify; toxicity testing Difficult to qualify;

may be required toxicity generally not
an issue but may affect
immunogenicity

Product Specifications defined early in Broadly defined at initial

characterization development, generally little stages of developed
change; usually one bioanalytical and refined; several
method (mostly LC/MS-MS) bioanalytical assays (e.
g., HPLC, SDS-PAGE,
MALDI-TOF)

Potency Not determined Required; generally in
vivo but for some
products in vitro
acceptable.

Stability Stable and not heat sensitive Less stable and sensitive
to heat and shear

Route of Oral, topical, inhalation Parenteral or targeted

administration (IV, SC, 1M,
intracardiac, intrathecal,
intraarticular, etc.)

Pharmacokinetics ~ Half-life usually minutes to hours  Half-life usually days to
weeks

ADME Rapid entry through blood Distribution limited

capillaries, distribution to many based on size to plasma

organs/tissues, metabolized to a/o extracellular fluid,

active and non-active degraded (catabolized)

metabolites to endogenous amino
acids

Drug—drug Influenced by metabolism (enzyme Interactions related to

interactions induction or inhibition)—can be additive or synergistic

significant

pharmacological
activity not metabolism
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TABLE 3.2 Continued

Product Attribute

Pharmaceutical

Biopharmaceutical

Dose response

Targets

Pharmacological
activity

Species specificity

Toxicological
effects

Immunogenicity

Dosing interval

Dose formulation

Demonstration of
equivalence

Linear—establishment of
maximum tolerated dose
(MTD)

Intracellular or ligand-receptor

Active in standard screening and
functional assays

Species independent; preclinical
assessments for generally
toxicity generally performed in
one rodent (generally rat) and
one nonrodent (generally dog)

Unpredictable; can be related to
metabolites or unrelated to
mechanism of action

Rare; allergic or hypersensitivity
reactions may occur

Daily

Complex

Bioequivalence (generic
equivalents)

Can be bell-shaped—
establishment of
optimum biological
dose (OBD)

Cell-matrix, cell—cell, or
ligand-receptor

Not active in standard
screening assays; novel
models created to
address activity (e.g.,
transgenic animals,
homologous test
material)

Species specific;
nonhuman primates
often the only relevant
species or design of
specific animal models

Predictable based on
known mechanism of
action “exaggerated
pharmacology”’; animal
models of disease often
used to assess safety in
addition to activity

Common; may affect PK
or result in immune-
mediated adverse
events other than
allergic and/or
hypersensitivity
responses

Intermittent

Simple

Comparability within a
development program
(more difficult to define
biogeneric)

Source: Adapted from Cavagnaro (2002),

communication).

Baumann (2006),

and Horvath (personal

influenced not only by the amount of existing knowledge concerning the phar-
macology and toxicology for the specific product and product class but also
by the expanding knowledge base of a number of product classes. A number
of articles have been published over the years highlighting the challenges of
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TABLE 3.3 Case-by-case approach to preclinical safety evaluation

Is Not ... Is ...

« Consistent with the “traditional” » Consistent with the principles for safety
practices for small molecules evaluation of small molecules

» Standardized approach » Product or product-class specific

» Unique to biopharmaceuticals + Science-based

* A minimalist approach * Questions-based

* An opportunity to “get a better label” -+ Experiential-based

» Just what a sponsor wants to do » Targeted

» Practiced by all developers of » Flexible
biopharmaceuticals  Fair

* Embraced by all regulators » More difficult to predict “if acceptable”

» Easy to predict “if acceptable” to to regulatory authorities

regulatory authorities

preclinical development of biopharmaceuticals [13-20] as well as the valuable
experiences in implementing the case-by-case approach [21-30]. The following
is a discussion of a few key areas.

3.4.1 Use of Animal Models

A guiding principle in the design of preclinical safety studies is to parallel as
closely as possible the clinical conditions of exposure. In accordance with the
principle, much attention is paid to the dosing regimen with respect to the
route of administration, duration of exposure, and dosing interval. With respect
to mirroring the characteristics of the patient population to be exposed, normal
animals appropriately parallel the typical phase 1 population in normal sub-
jects (healthy volunteers). Where toxicologists deviate from the principle of
correlation of clinical conditions of exposure is in the evaluation of potential
toxicity in patients in the later safety and efficacy trials in phase 2 and beyond.
The deviation from this principle relates primarily to the physiological state
of the clinical populations involved as they are no longer healthy volunteers
but rather individuals who have a specific disease and/or are very ill. Thus a
relevant question for the toxicologist is to ask whether toxicology studies in
normal animals adequately assess the risks in sick people. The answer to this
question has even greater significance for biopharmaceuticals as first in human
(FIH) phase 1 trials are often conducted in subjects with disease for ethical
and practical reasons.

Animal models of disease play a critical role in the drug discovery process
and are important in the lead candidate selection process as well. Categories
of animal disease models include spontaneous disease, induced models (e.g.,
chemically, immunologically), xenograft models, infection models, and geneti-
cally modified models (e.g., transgenic knockouts (KOs) or knock-ins (KIs),
humanized animals (e.g., expressing the human protein or receptor). The sub-
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sequent evaluation and demonstration of biological activity of test articles in
these animal models is often pivotal for further progression of these agents in
the clinic.

The principle of estimating a therapeutic index prior to clinical trials typi-
cally involves determining the no observable adverse effect level (NOAEL)
and comparing that to the projected human dose. In providing the estimate,
the efficacious dose is typically obtained from in vitro data with human cells
or tissues and in vivo preclinical pharmacology studies that involve animal
disease models. Not infrequently the species used to estimate the toxic level
is different from the species used to estimate an efficacious level. Thus the
therapeutic index is not a true ratio as the units (species and/or conditions) are
often different. On the other hand, if one were to obtain information relating
to toxicity as well as efficacy from studies employing animal models of disease,
a direct estimate of therapeutic index could be made provided that appropriate
models had been characterized or validated in the relevant species.

The decision on the use animal models of disease for assessing safety is
based on a consideration of a number of factors, not the least of which is
whether an animal model of disease is available for the intended disease. There
are also ethical and welfare considerations as in any proposal to use animals
in scientific work. Animal models of human disease may not mimic all aspects
of disease or be more sensitive. However, as long as there is a good under-
standing of the human disease as well as acknowledgment of specific limita-
tions of the model, studies should allow for better predictions of risk in the
intended disease populations (see Table 3.4).

TABLE 3.4 Use of animal models of disease

Potential Advantages Potential Disadvantages

+ Ethical considerations in protection of + Ethical considerations in use of
humans animals

* May be useful to screen compounds for lead + Relative paucity of background
candidate data

» Potential for increased sensitivity + Inherent variability

» Disease condition may parallel target * May only represent one aspect of
population the disease

» Early opportunity to define biomarkers of » Excess mortality may confound
safety and activity more relevant to data interpretation
intended population « Increased sensitivity may not be

» Direct estimate of therapeutic index relevant
feasible - May be limited in size of group

+ Opportunity to understand the pathogenesis « Potential limitations in study
of treatment related findings design

» Support human safety and efficacy when - Potential interference of disease
human clinical trial is not feasible or ethical process with safety evaluation

(“animal rule”)
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A variety of transgenic animals have been used over the years to help
characterize the activity and safety of biopharmaceuticals. Knockout animals
have been used to assess a worst-case scenario for maximum inhibition (e.g.,
MADs blocking a receptor and suppression of endogenous cytokines or pro-
teins); knock-in animals have been used to describe a worst-case scenario for
overexpression (e.g.,consequences of growth factor induced proliferation) and
humanized transgenic animals (e.g., expressing the human receptor). In the
latter case the clinical material can be directly assessed rather than relying on
the species specific homologue or on indirect extrapolation from the actions
of the clinical (human) therapy acting on targets in another species. In all cases,
however, the models lack historical control data. There may be additional
concerns with respect to potential differences related to epitope density,
localization/compartmentalization, signal transduction pathways, regulation,
unknown compensatory mechanisms, host defense mechanisms, or natural life
history. Thus as a caution, models may either overestimate or underestimate
identification and the magnitude of of a hazard.

3.4.2 Selection of Relevant Species

Traditionally toxicologists have used at least one rodent and nonrodent species
for multidose toxicity studies. The use of two species is important for assessing
potential variability of metabolism, for products with extensive distribution,
and in cases where a relevant species has not been defined. The rat and dog
are selected in most cases, usually on an empirical basis [2] without an open-
minded consideration of whether alternate species might be better in terms of
biochemistry and metabolism [1].

In 1987 Zbinden identified three main areas of concern for biopharmaceu-
ticals: (1) the toxicity per se (intrinsic toxicity), (2) the adverse effects related
to the pharmacodynamic properties (exaggerated pharmacology), and (3) the
undesirable responses mainly due to indirect biological responses not related
to pharmacodynamic properties [4]. Since contaminants are usually present
only in small amounts (e.g., host cell proteins, contamination with viruses,
DNA, endotoxin, antibiotics), their intrinsic toxicity is considered of minor
significance and best addressed through rigorous quality control. Intrinsic
toxicity is defined as toxicity unrelated to a product’s pharmacodynamic prop-
erties, such as the clinical syndrome, flu-like symptoms, fever, nausea, and
malaise, observed in humans following interferon administration, or fluid
retention and interstitial pulmonary edema following IL 2 administration. The
information gained from clinical observations are used to guide toxicological
experiments in animals to gain a better understanding of the intrinsic toxic
potential and hopefully define more predictive animal models. However, stan-
dard toxicological test procedures are poorly suited to a priori identify intrinsic
effects. Toxicity that occurs as a consequence of the desired pharmacodynamic
effect can often be predicted especially when the biological characteristics are
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known. Biological toxicity due to indirect biological responses unrelated to
pharmacodynamic properties includes toxicity related to structure such as the
allergic and sensitizing potential of biopharmaceuticals [4]. See also immuno-
genicity discussed below.

ICH S6 states that safety evaluation programs should include relevant
species demonstrating pharmacological activity. As such the mechanism of
toxicity is defined by exaggerated pharmacology. Importantly, relevant phar-
macological species can also be used to assess biological toxicity and in some
cases intrinsic toxicity. In some cases it may be necessary to consider animal
models of disease to evaluate intrinsic toxicity. For small molecules where
toxicity may be the result of metabolites or due to extensive distribution to
nontarget tissues, a species lacking the target may be relevant as the mecha-
nism of toxicity may be unrelated to exaggerated pharmacology. In such cases
the most sensitive species becomes the most relevant species with respect to
dose extrapolation. A variety of techniques (e.g., immunochemical or func-
tional tests) can be used to identify a relevant species.

There has been the misconception that only one species is expected for
assessing general toxicity of biopharmaceuticals. However, the language in
ICH S6 explicitly states that safety evaluation programs should normally
include two relevant species, but in certain justifiable cases, one relevant
species may suffice (e.g., when only one relevant species can be identified or
where the biological activity of the biopharmaceutical is well understood). The
guidance intentionally did not specify use of the “most relevant” in order to
avoid the routine consideration of use of higher primate species (e.g., greatest
homology of a protein or a receptor with chimpanzees or baboons). Demon-
stration of binding of the biopharmaceutical to a receptor or other target may
not be sufficient to define a relevant species as not all molecules that bind
actually induce activity. Therefore primary consideration should be given to
receptor-mediated activity. Determining biological activity is based on an
understanding of in vitro receptor occupancy, affinity, distribution, and in vitro
and in vivo pharmacological effects. Importantly, toxicity studies in nonrele-
vant species are discouraged.

The ICH reproductive toxicology guidance considers the acceptability of a
single species if it can be shown by means of pharmacological and toxicological
data that the species selected is a relevant model for humans. ICH further
states that there is little value in using a second species if it does not show the
same similarities [31].

3.4.3 Cross-Reactivity

Tissue cross-reactivity studies for monoclonal antibody products were origi-
nally intended to explore off-target tissue binding. Studies have thus been used
to screen candidates to avoid off-target binding. As stated in ICH S6, an animal
species that does not express the desired epitope may be of some relevance
for assessing toxicity if comparable unintentional tissue cross-reactivity to
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humans is demonstrated. For example, if cross-reactivity was observed in
human tissues, assessments of potential binding to nonhuman primate tissue
is recommended in order to determine if similar binding is observed in order
to justify the use of a nonhuman primate. If similar binding is not observed,
the data could be used to justify use of rodents especially in cases where the
epitope is not present in normal animals (e.g., tumor antigens). Tissue cross
reactivity, however, has inappropriately expanded to testing a variety of animal
species in order to select a relevant species for assessing general toxicity. As
discussed above, selection of a relevant species is more correctly justified by
pharmacological-based receptor or other specific target studies. Similar off-
target binding to nonhuman primate nonreproductive tissues justifying use
in general toxicity studies does not justify use of the nonhuman primate
in reproductive or developmental toxicity studies. The design and relevance
of tissue cross-reactivity studies for bispecific and trispecific antibodies,
conjugated antibodies, and fusion proteins may differ from monoclonal anti-
body applications.

Unintentional cross-reactivity may also be suggested by Basic Local Align-
ment Search Tool (BLAST) that are routinely performed electronically
to identify potential binding to nontarget tissue or to determine if there is
unintentional cross-reactivity with an endogenous molecule such as following
administration of a monoclonal antibody or a vaccine [32]. CEREP assay
platforms routinely performed for small molecules for determining off-target
binding are not used for biopharmaceuticals.

3.4.4 Analogous Products

For biopharmaceuticals that are unique in their species specificity (i.e., react-
ing only with monkeys, chimpanzees, and/or humans) use of the homologous
protein or more broadly defined analogous products that recognize the ortho-
log of the original human target, have been considered in order to assess
general and/or specific toxicity. The term “surrogate molecule” has been used
incorrectly especially if one considers the judicious use of the term when refer-
ring to surrogate endpoints in clinical development. The acceptability of a
surrogate endpoint requires extensive validation.

While analogous products are often used in early discovery and develop-
ment to provide data in support for proof of concept, there is concern regard-
ing their use for assessing safety unless they have been shown to be comparable
to the clinical material (see Table 3.5). The use of analogous products is most
often considered for assessing reproductive/development toxicity based on the
inherent limitations of nonhuman primate models for characterizing repro-
ductive risks. Analogous products are also considered for assessing carcino-
genic risk for products intended for chronic use. Interestingly both of these
preclinical risks are communicated in product labels. Since the manufacturing
process is different than that of the clinical material, the product may contain
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TABLE 3.5 Considerations for use of analogous products

Potential Advantages Potential Disadvantages

+ Useful for understanding early + Could have different manufacturing
pharmacological properties of the process and thus difference in range of
drug process related impurities/contaminants

+ Useful for developing early proof of + Could have different PK
concept + Could have different pharmacological

+ Provides the ability “to do” toxicology activity and/or feedback control
studies (toxicity profile may be different if

« Opportunity to use a lower order based on exaggerated pharmacology)
species (rodents vs. NHP) - May be different for monoclonal

« May be only feasible approach if no antibody isotype (with associated
usable species responding to the activity)
clinical biopharmaceutical is « Could have different intrinsic toxicity
available (e.g., no terminable unrelated to pharmacological activity
studies feasible in chimpanzees, - Inability to assess relative
carcinogenicity testing not feasible immunogenicity of the clinical product
in NHPs) - May be of questionable relevance in

following up mechanism of toxicity of
adverse events in clinic

differences in impurity contaminant profiles as well as stability. More impor-
tant, however, there can be significant differences in potency and pharmaco-
logical activity.

In cases where analogous products are not used to establish proof of concept
for a development candidate, such information would need to be developed
prior to the conduct of toxicology studies. If an analogous product is not suf-
ficiently comparable to the clinical product but utilized in order to satisfy the
assessment of general toxicity in two species, it is unclear how to interpret the
relevance of any adverse findings with the analogous product especially in
cases where similar findings are not observed with the clinical material in a
relevant species. The cost, production capabilities, and the additional resources
required for a parallel product development program of an analogous product
may also be prohibitive.

3.4.5 Use of Relevant Test Systems

ADME Since metabolism and formation of active metabolites are not a
concern for unmodified biopharmaceuticals, mass balance studies are uninfor-
mative. Tissue concentration of radioactivity using radioactive proteins is also
difficult to interpret due to unstable radiolabel linkage, rapid in vivo catabo-
lism, and recycling of radiolabeled amino acids into non-drug-related
proteins/peptides.
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PK-mediated interactions are unlikely except for the rare examples of
certain hormones that may be displaced by various chemicals form the tight
binding of specific transport proteins, and the depressant action of certain
interferons and other cytokines on hepatic P450s.

In vitro Safety Pharmacology Specific guidance on safety pharmacology,
ICH S7B, was published after ICH S6. This guidance specifically excluded
biopharmaceuticals, acknowledging that, since biopharmaceuticals achieve
highly specific receptor targeting, it has usually been sufficient to evaluate
safety pharmacology endpoints as a part of toxicology and /or pharmacody-
namic studies [33]. Nevertheless, assessment of in vitro cardiotoxicity, such as
in vitro IKr assays (human ether a-go-go related gene, hERG), has been per-
formed for some biopharmaceuticals even though mechanistically biopharma-
ceuticals are not likely to enter cells and bind a site within the potassium
channel due to their molecular size. With the exception of some highly selec-
tive peptide toxins, there are no data to support binding to proteins on the cell
surface mediating subsequent effects on ion channels.

Genotoxicity Biopharmaceuticals do not have the same distribution prop-
erties as small molecules, and they are therefore not expected to pass through
cell and nuclear membranes to interact with DNA. Experience has confirmed
that the standard battery of genotoxicity assays is not relevant for products
that do not directly interfere with DNA or mitosis to induce gene mutations,
chromosome aberrations, or DNA damage. While studies may be applicable
for protein conjugates with a chemical organic linker, consideration is war-
ranted if there is precedence of use with the linker or if there is no evidence
of degradation of the protein conjugate. Additionally, unlike small molecules
where there may be a cause for concern for testing for genotoxic impurities,
process-related impurities associated with biopharmaceuticals include residual
host cell proteins, fermentation components, column leachables, and deter-
gents rather than organic chemicals.

Immunogenicity The injection of human proteins in sufficient quantity into
animals should be expected to elicit an immunological response. Interestingly
some analogous products have also induced immune responses in the deriva-
tive species. The presence of neutralizing antibody can change the PK/PD
profile and thus impact exposure margins and estimates of toxicity. In early
studies with biopharmaceuticals the development of antibodies in a toxicology
study was considered a reason to stop studies; however, we now know that we
can “dose through” in animals similar to dosing practices in humans. While the
presence of antibodies in animals is generally not predictive for humans, the
information has helped in defining relative immunogenicity and identifying
potential consequences of an immune response such as neoantigenicity, auto-
antigenicity, immune complex deposition, complement activation, and
antibodies crossing the placenta.
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Clinically relevant antibodies include clearing antibodies, sustaining anti-
bodies, neutralizing antibodies, and antibodies that cross-react with endoge-
nous proteins and other molecules.

A reliable antibody screening assay capable of detecting high- and low-
affinity antibodies is recommended. The sampling time for antibody assess-
ment is also important, in allowing long washout periods in some cases in order
to ensure that components in the serum sample do not prevent the assay from
detecting a true positive (e.g., interference by the biopharmaceutical due to a
long half-life).

Although assays for cell-mediated immunity are more complex and demand-
ing, the possible need for them should always be considered because they may
represent the source of a “toxic” action while accompanying antibodies are
only a signal that an immune response has occurred.

The possibility of induced autoimmune responses should also be considered
as a cause of damage to nuclei, cytoplasm, and cells and tissues as well as the
stimulus for antibody formation.

Dose: Selection, Schedule, Duration, and Response According to ICH
S6, dose levels should be selected to provide information on a dose response
including a toxic dose and NOAEL [10]. While the NOAEL is generally con-
sidered for purposes of recommending initial doses for first in human studies,
it was recognized that for certain classes of drugs or biologics (e.g., vasodilator,
anticoagulants, monoclonal antibodies, or growth factors) where toxicity may
arise from exaggerated pharmacology that the pharmacologically active
dose (PAD) in these cases may be a more sensitive indicator of potential toxic-
ity than the NOAEL and might therefore warrant lowering the minimum
recommended starting dose (MRSD) [34]. More recently it has been suggested
that the starting dose for the FIH for certain classes of biopharmaceuticals
should be below the MABEL (minimal anticipated biological effect level)
as predicted from all the available preclinical data (in vitro in humans and
in vivo in animals) [35,36]. Importantly a number of factors have to be con-
sidered to optimize dose extrapolation (see Table 3.6). It is also important to
consider if these initial trials are performed in normal subjects or subjects with
disease.

Ideally the design of the toxicology studies should mimic the clinical trial.
However, because of more rapid clearance in test animals, more frequent
dosing than proposed for the clinical trial may be needed to model for the
equivalent exposure. Importantly, when longer intervals are anticipated, such
as once a month or once every six months, a more accelerated or contracted
dosing scheme may be needed as longer intervals generally serve as immuniz-
ing regimen (e.g., similar to the intervals used for vaccines intended to induce
an immune response). It is also important to understand whether dosing strat-
egies induce tolerance, as was the case for IL 12 [37].

While identifying a maximum tolerated dose is preferred when designing
toxicity studies in some cases, such a dose has been difficult to achieve for
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TABLE 3.6 Considerations for optimizing dose extrapolation across species

» Receptor binding affinity

» Receptor saturation

« Potency to the target

» Upregulation of soluble receptors

« Tissue expression

 Stimulation of biological cascades by agonists at immune cell receptors

» Knowledge of other downstream signaling

 Potential for biological amplification

» Delayed induction of secondary mediator release

» Temporal dissociation of pharmacological effects from plasma levels due to
persistent activity in nonplasma compartments

» Redundancy

+ Homeostasis

Note: Specific considerations based on product class.

biopharmaceuticals. The use of a limit dose has been acceptable as the high
dose for pharmaceuticals if an MTD cannot be achieved (e.g., 1 g/kg/day [31]
and 1.5 g/kg/day ICH S1CR [38]). For biopharmaceuticals a limit dose is often
defined as a maximum feasible dose (MFD) based on the physiological proper-
ties of the test material or dosage form allied to route of administration that
may impose practical limitations in the amount that can be administered. A
maximum absorbed dose (MAD) or pharmacodynamic maximum response
dose (PMRD) based on saturation of absorption has also generally been
acceptable for pharmaceuticals. However, in cases where for biopharmaceuti-
cals with inherently low toxicity a maximum sensible dose (MSD) (A. Pilaro,
personal communication) may need to be considered, a good understanding
of the mechanism of action of the product, as well as of the intended clinical
subject (i.e., normal volunteer vs. patient), is needed to support the adequacy
of proposed multiples (e.g., 10-20X) for the high dose. In cases where lower
multiples are justified, a more conservative estimate of FIH dose could be
considered. Ironically it can be more difficult to select a FIH dose for a “safe
drug.”

3.5 FUTURE OF PRECLINICAL SAFETY EVALUATION AND ICH S6

The speed at which clinical development is expected to take place to bring
novel therapies to market is challenging not only for small start-up companies
but also for large established global companies. The inability to better assess
and predict product safety can lead to failures during clinical development
and, occasionally, after marketing [39]. Emerging technologies and novel ther-
apies created the need and also the opportunity for considering novel
approaches to toxicological testing in efforts to improve the predictive value
of the data from preclinical studies for clinical decision making.
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Many novel therapies could be considered “high risk” if only based on their
uniqueness and lack of precedence. The introduction of novel therapies into
the clinic has been facilitated by the cooperation between industry and regula-
tory scientists, and an adherence to sound scientific principles, common sense,
and an approach based on flexibility. The “case-by-case” approach is depen-
dent on acceptance by both regulators and industry that the interpretation of
the data has to reflect best scientific practice and that no study in experimental
animals can predict with certainty the outcome when a drug is given to humans
[40].

In 2007 ICH S6 was proposed for updating (“maintenance”) under the
auspices of the ICH. Since the optimal design of preclinical programs is expe-
riential based, the revisions would reflect accumulated experiences as well as
advancements in science over the past decade—"“a knowledge transfer.” There
is a concern, however, that revising this document may result in formalizing
the emerging increase in studies performed for biopharmceuticals. The recent
increase in the number and types of studies over the last few years has been
attributed in part to both industry practice and regulatory expectations at
better “aligning” preclinical development programs of biopharmaceuticals
with pharmaceutical without consideration of the specific product attributes.
As previously mentioned, flexibility in program design may also be needed for
novel pharmaceuticals that share product attributes similar to biopharmaceu-
ticals such as species specificity. The revised guidance could reduce the current
flexibility in programs if new programs are expected to follow the “case
studies” discussed in the guidance. The specific examples may not be applica-
ble to either current or future novel products.

On the other hand, a revision may be an opportunity to redirect the emerg-
ing trend of increasing studies and increasing regional guidance. It could
discourage the application of ICH guidance documents where biopharmaceu-
ticals are specifically excluded and provide a better understanding of current
regulatory expectations. Specific sections could be clarified to ensure optimal
interpretation, for example, of species selection, immunogenicity assessment,
duration of chronic studies, the number of species needed to assess chronic
toxicity, the use of analogous products including interpretation of findings
when an analogous product is not sufficiently comparable especially when
toxicity differs significantly from results obtained with the clinical product,
reproductive toxicity assessment strategies, carcinogenicity assessment
strategies including whether “enhanced” chronic studies could inform
the carcinogenicity section of the label. Other sections could be added,
for example, on dose selection to support the first in human dose based
on pharmacological activity, developmental immunotoxicity testing for immu-
nomodulatory products, and information regarding risk management and
communication.

Alternatively, ICH S6 could serve as an umbrella document. More specific
guidance regarding the types of studies and areas of concern could then be
provided as addendums or annexes with respect to product class, for example,



62 THE PRINCIPLES OF ICH S6 AND THE CASE-BY-CASE APPROACH

monoclonal antibodies, protein conjugates, growth factors, soluble receptors,
oligonucleotide drugs.

3.6 CONCLUSION

Supported by advances in biotechnology and other enabling technologies, the
practice of toxicology has shifted form a ritualistic standards-based approach
to a rational science-based approach, which is best defined by studies designed
to ask specific questions with an understanding of what need to be known and
the ability to make acceptable assumptions. Studies are data driven and practi-
cal to obtain maximum information. Designs are modified, based on additional
information. Identification of limitations and knowledge gaps are acknowl-
edged and identified, and effort to develop new models to replace outdated
models embracing novel technologies is an ongoing process.

Development principles for preclinical safety assessment have been and
will continue to be a dynamic process that is strongly controlled by the expand-
ing knowledge and improvements in product design. The full investigation of
the potential usefulness of biopharmaceuticals requires the development of
reliable animal model systems that allow assessment of toxicity and provide
pharmacokinetic data that can be successfully scaled to humans in order to
reduce risk factors before clinical testing. The design of relevant preclinical
safety evaluation programs is consistent with global initiatives to facilitate and
to improve clinical development programs. In the coming years stakeholders
will be facing the issue of how to implement preclinical development programs
for biopharmaceuticals and pharmaceuticals that better anticipate adverse
effects, including development of new test systems that produce reliable results
faster and at lower cost. Hopefully, preclinical evaluation programs will evolve
and mature concurrently with more novel products and will focus on improv-
ing the predictive value of preclinical safety testing, targeting the toxicity
testing to provide information to ensure that the correct data are collected
from the most appropriate studies.

ACKNOWLEDGMENT

The author would like to thank Dr. Richard Lewis and Dr. Tony Dayan for
critically reviewing the manuscript.

REFERENCES

1. Olson H, Betton G, Robinson D, Thomas K, Monro A, Kolaja G, Lilly P, Sanders
J, Sipes G, Bracken W, Dorato M, Van Deun K, Smith P, Berger B, Heller A. Con-



10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES 63

cordance of the toxicity of pharmaceuticals in humans and animals. Regul Toxicol
Pharmacol 2000;32:56-67.

. Goldenthal EI. Current views on safety evaluation of drugs. FDA Papers May

1968.

. Hayes TJ, Cavagnaro JA. Progress and challenges in the preclinical assessment of

cytokines. Toxicol Letts 1992;64/65:291-7.

. Zbinden G. Biotechnology Products Intended for Human Use, Toxicological Targets

and Research Strategies. In CE Grahm (ed) Preclinical Safety of Biotechnology
Products Intended for Human Use: Clinical and Biological Research,Vol. 235, Alan
R. Liss, New York, 1987, pp 143-59.

. Giss HE. Foreword. In CE Grahm (ed) Preclinical Safety of Biotechnology Prod-

ucts Intended for Human Use: Clinical and Biological Research, Vol. 235, Alan R.
Liss, New York, 1987, pp xiii—xv.

. Dayan AD. Rationality and regulatory requirements—A view from Britain. In CE

Grahm (ed) Preclinical Safety of Biotechnology Products Intended for Human Use:
Clinical and Biological Research, Vol. 235, Alan R. Liss, New York, 1987, pp
89-106.

. Galbraith WM. Symposium discussion. In CE Grahm (ed) Preclinical Safety of

Biotechnology Products Intended for Human Use: Clinical and Biological Research,
Vol. 235, Alan R. Liss, New York, 1987, pp 189-206.

. Finkle BS. Genetically engineered drugs: Toxicology with a difference. In CE

Grahm (ed), Preclinical Safety of Biotechnology Products Intended for Human
Use: Clinical and Biological Research, Vol. 235, Alan R. Liss, New York, 1987,
pp 161-7.

. Griffith SA, Lumley CE. Non-clinical safety studies for biotechnologically-derived

pharmaceuticals: Conclusions for an International workshop. Hum Exper Toxicol
1998;17:63-83.

ICH S6 Preclinical Safety Evaluation of Biotechnology-Derived Pharmaceuticals.
http://www.fda.gov/cder/guidance/index.htm.

ICH M3 Nonclinical Safety Studies for the Conduct of Human Clinical Trials for
Pharmaceuticals. http://www.fda.gov/cder/guidance/index.htm.

DeGeorge JJ, Ahn C-H, Andrews PA, Brower ME, Giorgio DW, Goheer MA,
Lee-ham DY, McGuinn WD, Schimdt W, Sun CJ, Tripathi SC. Regulatory con-
siderations for preclinical development of anticancer drugs. Cancer Chemother
Pharmacol 1998;41:173-85.

Dayan AD. Testing biotechnology recombinant DNA (rDNA) products. BIRA J
1990;9:7-10.

Zbinden G. Safety evaluation of biotechnology products. Drug Safety 1990;5(Suppl.
1):58-64.

Zbinden G. Predictive value of animal studies in toxicology. Regu! Toxicol Phar-
macol 1991;14:167-77.

Bass R, Kleeburg U, Schroder H, et al. Current Guidelines for the Preclinical Safety
Assessment of Therapeutic Proteins. Toxicol Letts 1992;64/65:339-47.

Cavagnaro JA. Science-based approach to preclinical safety evaluation of biotech-
nology products. Pharmaceutl Eng 1992;12:32-3.



64

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

THE PRINCIPLES OF ICH S6 AND THE CASE-BY-CASE APPROACH

Claude JR. Difficulties in conceiving and applying guidelines for the safety evalu-
ation of biotechnologically-produced drugs: Some examples. Toxicol Letts 1992;
64/65:349-55.

Terrell TG, Green JD. Issues with biotechnology products in toxicologic pathology.
Toxicol Pathol 1994;22:187-93.

Cavagnaro JA. Preclinical safety assessment of biological products. In Mathieu M,
ed. Biologics Development: A Regulatory Overview. Waltham, MA: Parexel Inter-
national, 1993;23-40.

Sims J. Assessment of biotechnology products for therapeutic use. Toxicol Letts
2001;120:59-66.

Dayan AD. Safety evaluation of biological and biotechnology-derived medicines.
Toxicology 1995;105:59-68.

Thomas JA. Recent developments and perspectives of biotechnology-derived prod-
ucts. Toxicology 1995;105:7-22.

Serabian MA, Pilaro AM. Safety assessment of biotechnology-derived pharmaceu-
ticals: ICH and beyond. Toxicol Pathol 1999;27:27-31.

Ryan AM, Terrell TG. Biotechnology and its products. In Handbook of Toxicologic
Pathology, 2nd ed. San Diego: Academic Press, 2002;479-500.

Verdier F. Preclinical safety assessment of vaccines in biotechnology and safety
assessment. In Thomas JA, Fuchs RL, eds. Biotechnology and Safety Assessment.
3rd ed. Academic Press, San Diego, 2002;397-412.

Brennan FR, Shaw L, Wing MG, Robinson C. Preclinical safety testing of biotech-
nology-derived pharmaceuticals. Mol Biotechnol 2004;27:59-74.

Nakazawa T, Kai S, Kawai M, Maki E, Sagami F, Onodera H, Kitajima S, Inoue T.
“Points to Consider” regarding safety assessment of biotechnology-derived phar-
maceuticals in non-clinical studies (English Translation). J Toxicol Sci 2004;29:
497-504.

Cavagnaro JA. Predicting safety for novel therapies. Regul Affairs J 2006;(June):
1-4.

Snodin DJ, Ryle PR. Understanding and applying regulatory guidance on the non-
clinical development of biotechnology-derived pharmaceuticals. Biodrugs 2006;1:
25-52.

ICH S5A Detection of Toxicity to Reproduction for Medicinal Products, Septem-
ber 1994.

BLAST. http://www.ncbi.nlm.nih.gov/Education/blasttutorial.html.

ICH S7B Nonclinical Evaluation of the Potential for Delayed Ventricular Repo-
larization (QT Interval Prolongation) by Human Pharmaceuticals, October 2005.
http://www.fda.gov/cder/guidance/index.htm.

Estimating the Maximum Safe Starting Dose in Initial Clinical Trials for Therapeu-
tics in Adult Healthy Volunteers, July 2005.

Early Stage Clinical Trial Taskforce, Joint ABPI/BIA Report, July 2, 2006. http://
www.abpi.org.uk/information/pdfs/BIAABPI_taskforce2.pdf.

Expert Scientific Group on Phase One Clinical Trials, Final Report (“Duff Report™),
November 30, 2006. http://www.dh.gov.uk/assetRoot/04/14/10/43/04141043.pdf.



37.

38.

39.

40.

REFERENCES 65

Leonard JP, Sherman MT, Fisher GL, Buchanan LJ, Larsen G, Atkins MB, Sosman
JA, Dutcher JP, Vogelzang NJ, Ryan JL. Effects of single dose interleukin-12 expo-
sure on interleukin-12 associated toxicity and interleukin-y production. Blood
1997;90:2541-8.

ICH S1C(R) Guidance on Dose Selection for Carcinogenicity Studies of Pharma-
ceuticals: Addendum on a Limited Dose and Related Notes, December 1997 http://
www.fda.gov/cder/guidance/index.htm.

FDA Challenge and Opportunity on the Critical Path to New Medical Products,
March 2004. http://www.fda.gov/oc/initiatives/criticalpath/whitepaper.html.
Academy of Medical Sciences Forum Safer Medicines Report. Pre-clinical Toxicol-
ogy Working Group Report. November 2005.






I CHAPTER 4

Implementation of ICH S6:
EU Perspective

PETER R. RYLE, PhD, DipRCPath (Tox), FRCPath, and DAVID J. SNODIN, PhD,
FRSC, MChemA, MSc

Contents
4.1 Introduction 67
42 European Union 70
4.3 EU Drug Regulatory Framework 71
4.3.1 Pharmaceutical Legislation and Regulation 71
4.3.2 European Medicines Agency and National Competent Authorities 72
4.3.3 Marketing Authorization Applications (MAAs) 75
4.3.4 Clinical Trial Authorizations (CTAs) 77
4.3.5 Scientific Advice 78
4.4 The European Union and ICH 79
4.5 EU-Specific Regulatory Guidance 79
4.6 Application of the ICH S6 Guideline in the European Union 81
4.6.1 General Comments on Application of the Guidance 81
4.6.2 “High-Risk” Compounds and Clinical Trials 83
4.6.3 Primate Supply and Use 86
4.6.4 Duration of Chronic Toxicity Studies 88
4.6.5 Comparability Testing of Biopharmaceutical Products 88
4.7 Concluding Remarks 88
References 89

4.1 INTRODUCTION

The development and regulatory approval of biopharmaceuticals in the Euro-
pean Union (EU) has lagged slightly behind that in the United States. But

Preclinical Safety Evaluation of Biopharmaceuticals: A Science-Based Approach to Facilitating
Clinical Trials, edited by Joy A. Cavagnaro
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over the last decade this class of drug has assumed increasing importance in
the development pipelines of EU-based pharmaceutical companies. In addi-
tion, many US and Japanese companies conduct development of their prod-
ucts in Europe for the EU market. Some countries in the European Union
have acquired a reputation for innovation in the biopharmaceutical field, with
various clusters of start-up and small biotechnology companies becoming
established, particularly in the United Kingdom (mainly around the university
cities of Oxford and Cambridge) and Germany. More recently France, the
Netherlands, the Scandinavian countries (Sweden, Denmark, Norway, Finland),
and smaller countries such as Belgium and Ireland can claim to have flourish-
ing biotechnology industries, producing potential biopharmaceutical develop-
ment candidates. Although Switzerland is not a member of the European
Union, its location and the presence of both long-established large multina-
tional pharmaceutical, as well as some smaller biotechnology start-up compa-
nies, make it a major contributor to the biopharmaceutical sector in Europe.

Examples of biopharmaceutical products that have received approval in the
European Union are shown in Table 4.1. In addition to the approval of novel
biopharmaceutical products, the first EU approval of a “generic” or “biosimi-
lar” biopharmaceutical product (Omnitrope®) was granted in 2006 [1]. In
general, most major new biopharmaceutical products that are approved by the
US regulatory authority (FDA) are approved in the European Union at about
the same time, or shortly after FDA approval for marketing. There are rela-
tively few biopharmaceutical products that undergo region-specific develop-
ment and marketing, largely due to the high cost of development of these
products, and reflecting the fact that the drugs are often for areas of unmet
medical need. In addition the EU population (slightly under 500 million)
makes it one of the most attractive potential markets for new pharmaceutical
products. Therefore the trend of an increasing proportion of new drugs in
development or receiving EU marketing approval that are biotechnology
derived probably reflects the situation in the United States and other regions.
In 2004, 8 of 19 new therapeutics approved for use in the United Kingdom
were biopharmaceuticals.

In terms of the application and implementation of ICH guidelines in the
European Union, the approach from a technical and scientific viewpoint can
be regarded as similar to that in the other major ICH regions (the United
States and Japan). The major difference relates to the regulatory administra-
tive structure within the European Union, as will be discussed below. Sponsors
developing biopharmaceuticals for the US and Japanese markets will deal with
a single regulatory agency for those regions throughout the development cycle.
The EU situation is rather more complex, such that early in the development
cycle the sponsor may interact with one or two EU national authorities to
enable phase 1 and 2 trials to be initiated. As the development cycle proceeds,
interactions with more national authorities and the central European Medi-
cines Agency (EMEA) are likely to take place, working toward approval of
the product by the central agency, through the so-called centralized procedure.
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This chapter will therefore concentrate mostly on the major differences in
regulatory structure between the European Union and other regions, which
has bearing on obtaining regulatory guidance and scientific advice during the
development of a biopharmaceutical for the European market. Such interac-
tions with the regulatory agencies are crucial to the application of the case-
by-case approach to preclinical development of biopharmaceuticals advocated
by the ICH S6 guideline.

4.2 EUROPEAN UNION

The European Union per se was created in November 1993 when the Treaty
on European Union came into effect. At that time 12 European countries had
already joined the European Community (EC), formed in 1967 as a merger
of the European Coal and Steel Community (ECSC, founded in 1952), the
European Economic Community (EEC, founded in 1958), and the European
Atomic Energy Community. The 12 countries that were part of the European
Union in 1993 were Belgium, France, Italy, Luxembourg, the Netherlands, West
Germany, Denmark, Ireland, the United Kingdom, Greece, Portugal, and
Spain.

Since 1993 other countries have joined the European Union, with Austria,
Finland,and Sweden joining in 1995, Cyprus, Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Malta, Poland, Slovakia, and Slovenia joining in 2004, and
Bulgaria and Romania joining in January 2007. At the present time, there are
27 countries or “member states” in the European Union. At the time of writing,
Turkey and Croatia are in “accession” negotiations to join the European
Union, with several other countries, such as Macedonia, Albania, Montenegro,
and Serbia, as potential future member states.

The European Union has a number of high-level institutions, the most
important being as follows:

The Council of Ministers. The Council is the main decision-making body
of the European Union. The ministers of the member states meet within
the Council, and depending on the issue on the agenda, each country will
be represented by the minister responsible for that subject (foreign
affairs, finance, social affairs, transport, agriculture, etc.). The presidency
of the Council is held for six months by each member state on a rota-
tional basis.

The European Parliament. Following elections held in June 2004, the
European Parliament had 732 members elected in the 25 member states
of the European Union. Each member is elected for a five-year term. Most
of the time Parliament and its members are based in Brussels where its
specialist committees meet to scrutinize proposals for new EU laws.

The European Commission. Based in Brussels, the Commission consists of
27 commissioners, one from each member state, appointed for a five-year
term by member states’ governments. The Commission, which acts as the
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European Union’s civil service, and comprises approximately 14,000 offi-
cials, has the right of initiative, that is, to draw up proposals for Union
legislation. The Commission negotiates on behalf of the member states
in multilateral and bilateral trade matters and in the drawing up of asso-
ciation and membership agreements with nonmember countries.

The European Court of Justice. The European Court of Justice, consisting
of 15 judges (appointed by the Member States) and 9 Advocates-General,
is based in Luxembourg. It is responsible for arbitrating in disputes relat-
ing to the interpretation and application of EU legislation.

4.3 EU DRUG REGULATORY FRAMEWORK

4.3.1 Pharmaceutical Legislation and Regulation

Pharmaceutical regulation in the European Union is applied centrally and
nationally in individual member states. In general, after joining the European
Union, a member state is required to harmonize or revoke its existing legisla-
tion and to incorporate any new provisions agreed centrally into its national
legislation. European Union pharmaceutical legislation dates back to the
1960s; Directive 65/65/EEC remained the basis of European Union rules
for many years. This has been superseded by Directive 2001/83/EC (e.g., as
amended by 2004/27/EC) relating to medicinal products for human use, which
essentially consolidated previous relevant directives into one text. As
explained in the preamble to Directive 2001/83/EC, the key aim of EU phar-
maceutical legislation is the protection of public health, provided that this is
achieved by means that will not hinder drug development. A committee
system (“comitology”) is often used in the European Union as a vital part of
the adoption and implementation of legal statutes. Most EU legislation is
passed by the Commission under powers delegated by the Council of Minis-
ters, and in such cases there is no formal involvement of the general public,
national parliaments, or the European Parliament. One example in drug reg-
ulation is Annex I to Directive 2001/83/EC, an annex containing a variety of
definitions and concepts that forms the basis of technical requirements
involved in drug regulation. An updated Annex 1 (Directive 2003/63) is now
in operation [2].
Other important legal documents are as follows:

« Directive 2001/20/EC, which mainly concerns approval of clinical trials in
the European Union.

+ Council Regulation 726/2004/EC (updates and expands the previous reg-
ulation 239/1993/EC), which mainly concerns the duties of the European
Medicines Agency (EMEA), establishment of the Committee for Medici-
nal Products for Human Use (CHMP), and the scope and mechanisms of
the centralized procedure for marketing authorization applications
(MAAs) and pharmacovigilance issues.
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All the above-mentioned legal treatises apply to the European Economic
Area (EEA; this comprises the 27 EU member states plus Liechtenstein,
Iceland, and Norway—Switzerland chose by referendum not to join the EEA,
but has certain Swiss—EU bilateral agreements). Switzerland acts as the rep-
resentative of the European Free Trade Association, which is an observer in
the ICH (International Conference on Harmonization) process, accepts ICH
guidelines, but is not part of the European Economic Area. There is a legal
obligation for the Swiss competent authority, Swiss Agency for Therapeutic
Products (Swissmedic), to take account of decisions/authorizations in other
territories that have equivalent medicinal product control.

4.3.2 European Medicines Agency and National
Competent Authorities

Each member state has a national medicines agency, which is usually located
in the capital city (but not, e.g., in Germany, the Netherlands, and Sweden).
These agencies are listed in Table 4.2. Some national agencies combine the

TABLE 4.2 Regulatory bodies (competent authorities) for human medicines in
Europe

Country Agency Web Site
Austria Bundesamt fiir Sicherheit im www.ages.at
Gesundheitswesen
Belgium Directoraat generaal Geneesmiddelen  www.afigp.fgov.be
Direction générale Médicaments
Denmark Lagemiddelstyrelsen www.dkma.dk
Europe European Medicines Agency (EMEA) www.emea.europa.cu
Finland Léaékelaitos www.nam.fi
France Agence Francaise de Sécurité www.afssaps.sante.fr
Sanitaire des Produits de Santé
Germany Bundesministerium fiir Gesundheit www.bmgs.bund.de
und Soziale Sicherung www.bfarm.de/de/index.php
Bundesinstitut fiir Arzneimittel und www.pei.de
Medizinprodukte
Paul-Ehrlich-Institut
Germany Zentralstelle der Liander fiir www.zlg.nrw.de
Gesundheitsschutz bei
Arzneimitteln und
Medizinprodukten
Greece National Organization for Medicines www.eof.gr
Iceland Lyfjastofnun www.lyfjastofnun.is
Ireland Irish Medicines Board www.imb.ie
Italy Ministero della Salute www.ministerosalute.it
Liechtenstein  Liechtensteinische Landesverwaltung  www.llv.li

Amt fiir Lebensmittelkontrolle und
Veterindrwesen
Kontrollstelle fiir Arzneimittel
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TABLE 4.2 Continued

Country Agency Web Site
Luxembourg Ministere de la Santé www.etat.lu/MS
Division de la Pharmacie et des
Médicaments
Netherlands ~ Staatstoezicht op de volksgezondheid — www.igz.nl
Inspectie voor de Gezondheidszorg
Netherlands  College ter Beoordeling van http://www.cbg-meb.nl
Geneesmiddelen (CBG)
Norway Statens Legemiddelverk www.legemiddelverket.no
Portugal Instituto Nacional da Farmécia e do www.infarmed.pt
Medicamento
Spain Agencia espafiola del medicamento www.agemed.es
Sweden Likemedelsverket www.mpa.se
United Medicines and Healthcare products www.mhra.gov.uk
Kingdom Regulatory Agency
Bulgaria Bulgarian Drug Agency www.bda.bg
Cyprus Ministry of Health WWW.pio.gov.cy
Czech State Institut for Drug Control www.sukl.cz
Repbulic www.uskvbl.cz
Estonia State Agency of Medicines www.sam.ee
Hungary National Institute of Pharmacy www.ogyi.hu
Latvia Food and Veterinary Service zaale.vza.gov.lv
Lithuania State Medicines Control Agency www.vvkt.It
Malta Medicines Authority www.medicinesauthority.
gov.mt
Poland Office for Medicinal Products http://www.urpl.gov.pl
Romania National Medicines Agency www.anm.ro/home.html
Slovak State Institute for Drug Control www.sukl.sk
Republic
Slovenia Agency of the Republic of Slovenia http://www2.gov.si/mz/
for Medicinal Products and Medical mz-splet.nsf
Devices
Switzerland Swissmedic, Schweizerisches www.swissmedic.ch
Heilmittelinstitut

regulation of medicines and medical devices (e.g., Medicines and Healthcare
products Regulatory Agency, called MHRA, in the United Kingdom) while
others regulate both human and veterinary medicines. The European Medi-
cines Agency (EMEA) is a pan-European regulatory agency, responsible for
both human and veterinary medicines, located in Canary Wharf on the east
side of London. It was established on February 1, 1995, and its staff numbers
have grown year by year; the EMEA budget for 2007 makes provision for
up to 441 staff. The EMEA functions in a different manner to the US Food
and Drug Administration. Its role is mainly in policy and coordination while
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technical expertise is provided by staff from the national agencies [3]. There
is a network of approximately 3500 European experts that are drawn mainly
from the national agencies and academia [4] whose main roles relate to under-
taking assessment of application dossiers, providing scientific advice, develop-
ing new guidelines, and sitting on various committees, working groups, and
advisory groups. The mission statement and main tasks and responsibilities of
the EMEA are shown in Table 4.3. More details on committees, working
groups, and scientific advisory groups are shown in Table 4.4.

TABLE 4.3 EMEA: Mission statement and main responsibilities

Mission statement

In the context of a continuing globalization, to protect and promote public and

animal health:

» By developing efficient and transparent procedures to allow rapid access by users
to safe and effective innovative medicines and to generic and nonprescription
medicines through a single European marketing authorization

» By controlling the safety of medicines for humans and animals, in particular,

through a pharmacovigilance network and the establishment of safe limits for

residues in food-producing animals

By facilitating innovation and stimulating research, hence contributing to the

competitiveness of EU based pharmaceutical industry

» By mobilizing and coordinating scientific resources from throughout the European
Union to provide high-quality evaluation of medicinal products, to advise on
research and development programs, to perform inspections for ensuring
fundamental GXP provisions are consistently achieved, and to provide useful and
clear information to users and health-care professionals

Main tasks and responsibilities

Scientific advice to member states and Community institutions on quality, safety,

and efficacy of human and veterinary medicinal products

Centralized (and to a lesser extent decentralized) authorization procedures:

administration of these procedures to achieve a single evaluation and marketing

authorization for medicinal products

» Pharmacovigilance and inspection: organization of procedures for effective
surveillance (and possibly withdrawal) of medicinal products in the European
Union, and to reinforce national inspection activities

+ Advice to companies on drug development (scientific advice and protocol
assistance)

» Committees, working parties, and scientific advisory groups

» Guidance documents

+ EPARs (European Public Assessment Reports) and Withdrawal Public Assessment
Reports

« List of European experts

Note: GXP means “good clinical practice” (GCP), “good manufacturing practice” (GMP), and
“good laboratory practice” (GLP) collectively.
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TABLE 44 EMEA: Committees, working groups, and scientific advisory groups on
human medicines

Committees

+ Management Board

+ Committee on Human Medicinal Products (CHMP)
+ Committee on Orphan Medicinal Products (COMP)
« Committee on Herbal Medicinal Products (HMPC)

Working parties (WPs)

« Safety Working Party (SWP)

+ Quality Working Party (QWP)

« Efficacy Working Party (EWP)

« Other WPs: Pharmacogenetics (PgWP), Pharmacovigilance (PhVWP), Biologics
(BWP), Gene Therapy (GTWP), Vaccines (VWP), Blood Products (BPWP), Cell-
Based Products (CPWP), Scientific Advice (SAWP)

+ Temporary WPs: Pediatric (PEG), Similar Biological (Biosimilar) Medicinal
Products (BMWP)

Scientific advisory groups (SAGs)

» The role of the SAGs is to provide, on request from the committee concerned, an
independent recommendation on scientific and technical matters relating to
products under evaluation or any other scientific issues relevant to the work of the
respective committees. While views expressed by SAGs are taken into account, the
ultimate responsibility for the final opinions rests with the respective scientific
committee.

» SAGs created to date: Oncology, Diagnostics, Anti-Infectives, Diabetes/
Endocrinology, Cardiovascular Issues, Central Nervous System, HIV/Viral Diseases

4.3.3 Marketing Authorization Applications (MAAs)

Four routes are available for obtaining a marketing authorization (MA) for
a human medicinal product in the European Economic Area: independent
national procedure, mutual recognition procedure (MRP), decentralized pro-
cedure (DCP), and centralized procedure (CP) [5-7].

Independent National Procedure 1f a company wishes to market a product
in one country only and there are no legal obligations to use a route other
than the national one (which would apply if the type of drug or therapeutic
area were within the scope of the centralized procedure), then an application
can be made to one health authority, leading to a marketing authorization in
that country alone.

Mutual Recognition Procedure (MRP) This procedure begins with a
national application to one member state (MS), and when a marketing
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authorization has been obtained the applicant applies for “mutual recogni-
tion” of this initial authorization by the reference member state (RMS) in
some or all of the other European economic area countries, called concerned
member states (CMSs).

Decentralized Procedure (DCP) The decentralized procedure was estab-
lished as an application route in late 2005. This procedure is essentially a
combination of the national and the mutual recognition procedures. The appli-
cant chooses a reference member state to undertake the initial assessment.
On completion of the RMS assessment, the concerned member states can
put forward additional questions to those raised by the reference member
state. If the questions are answered by the applicant to the satisfaction of
the reference member state and concerned member states, the drug can be
authorized. The benefit of the decentralized procedure is that all concerned
member states are provided with the application dossier from the start of the
procedure.

Centralized Procedure (CP) This is the procedure of most interest for
biopharmaceuticals, as this is the mandatory route for review and approval of
such drugs in the European Union. In the centralized procedure a single
application is submitted to the European Medicines Agency (EMEA). A
variety of presubmission activities, starting six months before the intended
start date of the centralized procedure, are required [8]. Two initial assess-
ments by a “Rapporteur” and “Co-rapporteur” national authorities (one from
each of two member states chosen by the EMEA) are made, leading to Day
80 Critical Assessment Reports. A consolidated list of questions (LoQ) is
provided to the applicant at Day 120 when there is a clock stop, normally of
three months, to allow the preparation and submission of responses. Following
satisfactory negotiation of other steps in the procedure, the Committee on
Human Medicinal Products will recommend authorization at Day 210, with
authorization by the Commission at Day 277.
The centralized procedure is mandatory for the following cases:

» Medicinal products developed by means of one of the following biotech-
nological processes: recombinant DNA technology, controlled expression
of genes coding for biologically active proteins in prokaryotes and eukary-
otes including transformed mammalian cells, hybridoma and monoclonal
antibody methods.

« New chemical entities for the following indications: acquired immunode-
ficiency syndrome (AIDS), cancer, neurodegenerative diseases, diabetes.
Two more categories (autoimmune diseases and other immune dysfunc-
tions, and viral diseases), will be included with effect beginning May 20,
2008.

+ Orphan medicinal products.

- Biosimilar products.
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The current CP application fee is 232,000 Euros for a single strength associated
with one pharmaceutical form. Although the fees are high and the Committee
on Human Medicinal Products review is extremely thorough, if successful the
centralized procedure leads to an authorization that is valid in all European
Economic Area countries, and for this reason is attractive to companies that
have a presence in only one or a few European countries.

4.3.4 Clinical Trial Authorizations (CTASs)

Clinical trials are regulated by individual member states in the European
Union. An applicant (or sponsor) submits data on the investigational medici-
nal product (IMP), and details of the proposed clinical trial, to the competent
authority in the country in which the trial is to be carried out. The ethics com-
mittee responsible for the site where the trial is to take place also needs to
give approval.

Clinical trials and clinical trial authorizations in the European Union are
controlled under the Clinical Trial Directive, 2001/20/EC [9], and all member
states are bound by its requirements. Under the provisions of the Directive, a
clinical trial is an investigation in human subjects that is intended to discover
or verify the clinical, pharmacological, and/or other pharmacodynamic effects
of one or more medicinal products, identify any adverse reactions or study the
absorption, distribution, metabolism, and excretion, with the object of ascer-
taining the safety and/or efficacy of those products. This definition includes
pharmacokinetic studies.

All submissions need to include a completed application form and, prior to
submitting the application, a reference number (EudraCT number) must be
obtained [10]. In addition the applicant needs to supply additional documents
(depending on the type of trial and investigational medicinal product), but
normally including:

« Investigator’s brochure (IB)

+ Clinical trial protocol

+ Investigational medicinal product dossier (IMPD)
« Subject information leaflet

+ Informed consent

Detailed guidance on the preparation of the Investigational Medicinal Product
Dossier is available [11]. In terms of preclinical aspects, the key considerations
are:

« The investigational medicinal product dossier can be stand-alone or be
constructed by cross-reference to relevant sections of the IB (applies to
preclinical and clinical data only).

« Summaries of preclinical data should be provided, preferably using tabular
formats. The headings for the preclinical part should follow those for
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written summaries in the Common Technical Document (CTD) module
2.6. In contrast to the situation with the US FDA, full study reports
and individual data (line listings) for the nonclinical studies are not
required.

+ An overall risk assessment should be included. This is intended to be a
brief integrated summary that analyzes the preclinical and clinical data in
relation to the potential risks and benefits of the proposed trial. Safety
margins should be expressed on the basis of relative systemic exposure
rather than applied dose.

The CTA approval process should take no longer than 60 days. Approval times
are often shorter (e.g., 14-21 days for a healthy volunteer trial in the United
Kingdom) and vary among member states.

4.3.5 Scientific Advice

The case-by-case approach that is needed for the effective preclinical develop-
ment of biopharmaceuticals requires close collaboration and agreement
between the sponsor and the regulatory agency at all stages of development.
In the United States, such collaboration and scientific advice is often achieved
through interaction with the FDA at pre-IND, end of phase 2, or pre-NDA
meetings with the Agency.

In the European Union, scientific advice can be sought from national agen-
cies at any stage of drug development [12,13]. Details are provided on agency
Web sites (e.g., MHRA) [14], and fees are charged depending on the nature
of the advice requested (one or more of quality, preclinical, clinical, regulatory,
pharmacovigilance plans). Scientific advice (called “protocol assistance” in the
case of orphan drugs) can also be obtained centrally from the EMEA. The
concepts are similar to those for national scientific advice, but the procedures
are considerably more complex (sometimes involving joint sessions with FDA),
of longer duration, and more costly in terms of applicant fees [15]. EU guid-
ance emphasizes that it is not the role of the Committee on Human Medicinal
Products (CHMP) to substitute the industry’s responsibility in the develop-
ment of their products, and that any advice given is not legally binding with
respect to any future marketing authorization application for the product
concerned, although in the Notice to Applicants it is a requirement to include
a copy of any formal scientific advice in the application dossier.

In terms of the particular questions asked as part of EMEA scientific advice,
questions that can be answered by consulting a particular guideline are dis-
couraged, although a question based on interpretation of a guideline would
probably be acceptable. There is no direct equivalent of the US FDA pre-IND
or end-of-phase-2 meeting in Europe. Since clinical trials are regulated
on a national basis, and the review times for clinical trial submissions are
quite short, most companies would submit an application for a CTA without
holding a meeting beforehand, unless the treatment in question was poten-
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tially controversial (e.g., involving a monoclonal antibody, gene therapy, or cell
therapy). Once a program has negotiated phase 1, obtaining scientific advice
either nationally and/or centrally would be strongly considered by most
companies.

4.4 THE EUROPEAN UNION AND ICH

The European Union was and still is a major contributor to ICH, through the
input of the European Commission (which represents the 27 member states)
and the European pharmaceutical industry (European Federation of Pharma-
ceutical Industries and Associations, EFPIA) to the process. European techni-
cal and scientific support for the ICH process was provided by the Committee
for Medicinal Products for Human Use (CHMP, formerly CPMP) of the Euro-
pean Medicines Agency (EMEA), on behalf of the European Commission.
Therefore EU-based regulatory and industry professionals were actively
involved in the development of the ICH guidelines, including the S6 guideline
that covers preclinical testing of biotechnology-derived pharmaceuticals. The
content and principles of the ICH S6 guideline have been covered in detail in
other chapters, so it will not be addressed further here. Obviously the key
message from the ICH S6 guidance was the need for a case-by-case approach
to the preclinical testing of biopharmaceuticals, taking into account factors
such as species specificity and immunogenicity of the products.

Prior to the implementation of the ICH S6 [16] guideline, an EU guideline
covering the preclinical testing of biotechnology-derived drugs [17] was
adopted in 1988. The ICH S6 guideline was approved by the CPMP of the EU
regulatory agency (EMEA) in September 1997 and came into operation in
member states in March 1998. The implementation of the ICH S6 guideline
effectively replaced the previous 1988 guidance document. At the time of
adoption of the ICH S6 guideline, there was only one other document in place
that provided some preclinical guidance on biopharmaceuticals, a guideline
covering the production and quality control of monoclonal antibodies [18].
This guidance recommended the use of tissue cross reactivity studies that are
usually performed on monoclonal antibody products. A more recent initiative
to update the EU monoclonal antibody guidance indicated that the update
should concentrate on quality aspects only, since preclinical testing of these
products was adequately addressed by adoption of the ICH S6 guidance [19].

4.5 EU-SPECIFIC REGULATORY GUIDANCE

Since the adoption of the ICH S6 guideline, and with the growing number of
biopharmaceuticals entering development, the EMEA have developed a
number of specific guidelines in relation to the preclincial testing of biophar-
maceuticals. The current draft and approved EU-specific preclinical guidance
documents that apply to biopharmaceuticals are listed in Table 4.5. In addition
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TABLE 4.5 EU-specific preclinical guidelines on biopharmaceuticals

Relevant Product Type Guideline Date
Vaccines (excluding DNA or CPMP/SWP/465/95: Preclinical 1997
viral vector vaccines) pharmacological and toxicological testing

of vaccines [31]
Gene therapy, DNA vaccines, CPMP/BWP/3088/99: Quality, preclinical, 2001

genetically modified tissue or and clinical aspects of gene transfer
cell-based products products [32]
Insulin analogues CPMP/SWP/372/01: Nonclinical assessment 2001

of carcinogenic potential of insulin
analogues [33]
Insulin analogues CPMP/SWP/2600/01: Need for assessment 2002
of reproductive toxicity of insulin
analogues [34]
Biotechnology-derived proteins CPMP/3097/02: Comparability of medicinal 2003
products containing biotechnology-
derived proteins as drug substance—
preclinical and clinical issues [35]

Gene therapy, DNA vaccines, EMEA/273974/05: Draft Annex on 2005
genetically modified tissue or nonclinical testing for inadvertent germ-
cell-based products. line transmission of gene transfer vectors

[36]
Vaccine adjuvants CHMP/VEG/134716/2004: Guideline on 2005
adjuvants in vaccines for human use [37]
Biotechnology-derived proteins EMEA/CHMP/BMWP/101695/2006: 2007

Guideline on comparability of
biotechnology-derived medicinal
products after a change in the
manufacturing process [38] (will replace
CPMP/3097/02)

Note: The term guideline is used here to refer to testing guidelines, “Notes for guidance,” as well
as “Points to consider” documents.

to use of the guiding principles laid out in ICH, there are EU-specific preclin-
cial guidelines relating to gene transfer medicinal products, vaccines, vaccine
adjuvants, and insulin analogues. There has also been much recent activity with
respect to evolution of guidelines for addressing comparability of biotechnol-
ogy products after production process changes, and the development of
biosimilar products, that contain some guidance on the preclinical data require-
ments. EU-specific guidelines relating to “biosimilar” products are listed in
Table 4.6, and these include some guidance directed toward some specific
“generic” forms of biopharmaceutical product that are likely to be coming
off-patent in the coming years. Such products include recombinant forms of
human insulin, growth hormone, and erythropoeitein.
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TABLE 4.6 EU preclinical guidelines on biosimilar medicinal products

Guideline Type Start Date

CHMP/437/04: Similar biological medicinal Regulatory guideline 2005
products [39]

EMEA/CHMP/42832/05: Similar biological Testing guideline 2006

medicinal products containing biotechnology-
derived proteins as active substance—
preclinical and clinical issues [40]
EMEA/CHMP/94526/05: Annex guideline— Testing guideline 2006
preclinical and clinical issues on similar
medicinal products containing recombinant
erythropoietins [41]
EMEA/CHMP/94528/05: Annex guideline— Testing guideline 2006
preclinical and clinical issues on similar
medicinal products containing somatropin [42]
EMEA/CHMP/94529/05: Annex guideline— Testing guideline 2006
preclinical and clinical issues on similar
medicinal products containing recombinant
granulocyte-colony stimulating factor [43]
EMEA/CHMP/32775/05: Annex guideline— Testing guideline 2006
preclinical and clinical issues on similar
medicinal products containing recombinant
human insulin [44]

In addition to the EU guidance documents that relate specifically to bio-
pharmaceuticals, there are also a few other EU general preclinical guidelines
that may need to be referred to in the planning of toxicity studies on biophar-
maceuticals. For example, there is a guidance relating to toxicokinetic sampling
of control animals in toxicity studies, in order to check for cross contamination
with test substance [20]. An indication of potential evolution of new or modi-
fied guidance on nonclinical issues in the European Union can be gained from
reference to the “work plan” for the Safety Working Party (SWP) on the
EMEA Web site [21].

4.6 APPLICATION OF THE ICH S6 GUIDELINE IN
THE EUROPEAN UNION

In addition to the unique regulatory structure in the European Union and the
specific guidelines referred to above, there are a few other comments and
issues relating to the interpretation and application of the ICH guidance.

4.6.1 General Comments on Application of the Guidance

All the national regulatory agencies, and the central agency (EMEA) in the
European Union recognize and are generally familiar with the principles laid



82 IMPLEMENTATION OF ICH S6: EU PERSPECTIVE

out in the ICH S6 guideline. In view of the considerable expertise that has
been gained in the various agencies through review of preclinical programs
on the large number of approved biopharmaceuticals in the EU region, the
level of scientific expertise and quality of advice given to applicants can be
regarded as equivalent to that in the other major territories covered by ICH
(the United States and Japan). In general, there is a good understanding of
the need for a case-by-case approach to preclinical testing of biopharmaceuti-
cal products, and most EU preclinical assessors are anxious to avoid unneces-
sary animal studies that will add little to the human risk assessment. The
strategies employed for preclinical testing of biopharmaceuticals have been
generally similar to the flexible approaches that have been a hallmark of the
Center for Biologics Evaluation and Research (CBER) at the US FDA. While
some observers have commented that since the recent switch of assessment of
many biotechnology-derived drugs from CBER to the drugs division of FDA
(CDER—Center for Drugs Evaluation and Research), a more rigid small-
molecule approach has been applied by the US agency, not strictly in the spirit
of the ICH S6 guideline [22], a similar trend is not evident among the EU
agencies. The EU approach is generally harmonized across all types of bio-
pharmaceutical products, and it seems to be firmly anchored around the prin-
ciples laid out in the ICH S6 guideline, as evidenced by recent publications on
safety assessment of these products by regulators in Germany [26], as well as
comments in the report from UK industry bodies (Association of British
Pharmaceutical Industry, ABPI and Biolndustry Association, BIA) issued fol-
lowing the TGN1412 incident in 2006 [23] (see later). These publications
reinforce the concept that preclinical studies on biopharmaceuticals should
only be performed in species that show target homology with humans, and
where the relevant human pharmacology/pharmacodynamics can be demon-
strated. This approach is reinforced by the fact that human toxicity caused by
biologicals normally results from “on-target” effects (i.e., exaggerated phar-
macology), while the opposite tends to be the case for small-molecule drugs.
There does not appear to be any drift toward a more conventional two-species
(rodent/nonrodent) approach to toxicity testing for biopharmaceuticals in the
European Union, regardless of species relevance, that has become evident
recently in the United States, since CDER took over assessment of many of
these products from CBER [21].

In Germany, where potentially two different agencies (PEI and BfArM)
may review biopharmaceutical products (predominantly PEI, which has
responsibility for review of blood/tissue products, vaccines, gene/cellular
therapies and antibody products, although some biopharmaceuticals are
reviewed by BfArM), the between-agency approach is consistent and ICH
S6 compliant.

The major difference between application of the ICH S6 guideline in the
European Union, compared to the United States and Japan, is the rather more
complex interaction with the regulatory agencies in relation to agreeing on
the preclinical testing strategy for biopharmaceuticals. While sponsor compa-
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nies in the United States and Japan will work with a single agency (FDA or
MOHW) during the development cycle, in the European Union several
national agencies, and then the EMEA, may be consulted for scientific advice.
Prior to initiation of the first human study on a biopharmaceutical in the
European Union, the sponsor company will file a CTA with the relevant
national authority for the country where the trial will be conducted, and may
seek scientific advice from that authority prior to filing. For novel biopharma-
ceuticals, some sponsor companies also adopt a strategy of approaching a
selection of national authorities in the EU countries that have had the oppor-
tunity to amass significant experience in the assessment of biopharmaceutical
products (e.g., United Kingdom, Germany, France, the Netherlands, and
Sweden) for scientific advice, fairly early in the development cycle, to obtain
a general impression of likely EU data requirements. This process may then
be further supported by a request for scientific advice from the EMEA, before
submission of the MAA. Prior to and following MAA submission, further
interaction between the sponsor and the appointed Rapporteur authority may
take place to resolve any outstanding issues in the data submission. It may be
a point of concern that due to the rather flexible case-by-case approach to
preclinical studies advocated by ICH S6, there could be differences of opinion
about data requirements between national authorities, but it is the role of the
EMEA and the Rapporteur authorities to act as “moderators” in this regard.
There is ample opportunity, particularly in the preclinical overview (section
2.4 of the Common Technical Document or CTD), for sponsor companies to
defend their preclinical program and to justify any apparent data gaps. Major
disputes during late development, or at the MAA, regarding the adequacy of
the preclinical programme for a biopharmaceutical in the European Union
appear to occur rarely, which seems to indicate that the scientific advice
process and sponsor/agency relationships work quite well.

4.6.2 “High-Risk” Compounds and Clinical Trials

The severe, unexpected toxicity, not predicted by a 28-day toxicity study in the
monkey, observed in a phase 1 study with a CD28 agonist monoclonal anti-
body (TGN1412) in healthy volunteers conducted in London in March 2006,
has had repercussions regarding the extrapolation from preclinical data to
starting doses in human phase 1 studies for some biopharmaceuticals, as well
as some so-called high-risk small-molecule drugs. Following the TGN1412
phase 1 study incident, an Expert Scientific Group (ESG) was established in
the United Kingdom to investigate why the adverse events seen in the volun-
teers had not been predicted by the preclinical safety studies in animals and
to make recommendations about the future conduct of phase 1 clinical trials
in the United Kingdom. The ESG, led by Professor Gordon Duff, published
its final report in November 2006 [24]. As a result of the review process fol-
lowing the TGN1412 trial, the ESG made 22 recommendations regarding the
preclinical and early clinical development of compounds that might pose a
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“high risk” to volunteers or patients in early clinical studies. In the subsequent
CHMP guideline that has been issued, relating to mitigation of risk for such
studies [25], it is stated that all compounds entering the clinic should be
assessed for certain “factors of risk,” namely:

- Novelty of the mode of action, including possibility of pleiotropic effects
or triggering of biological cascades (e.g., cytokine release).

» Nature of the target in humans, and level of available knowledge of the
target.

- Relevance of animal species and models used for preclinical studies.

For drugs that might be identified to pose a “high risk” based on assessment
of these criteria, prior to conduct of a phase 1 study (or possibly other types
of trial) in the United Kingdom, a data package (basically the CTA package,
supplemented by specific responses to some standard questions; see Table 4.7),
is submitted to the UK authority (MHRA) for consideration by an Expert
Adpvisory Group (EAG). Prior to submission of the CTA package, it is possible
to request an opinion from MHRA as to whether the trial might be regarded
as “high-risk,” thereby warranting referral of the CTA package to the EAG

TABLE 4.7 Standard questions requiring response prior to conduct of phase 1
trials with “high-risk” pharmaceuticals in the United Kingdom

Question Information/Data Requested
1 A discussion of the function of the target in human.
2 A discussion of the ability of the subject to maintain a normal

physiological response to challenge in the presence of the
investigational product.

3 A rationale for the transition from preclinical to human testing,
particularly with regard to highly species-specific molecules.

4 A discussion of the potential for on-target and off-target effects and
how these will be handled in the clinic.

5 A discussion of the doses used in the relevant animal species

(particularly with regard to the use in the animal model of the
starting dose to be used in human).

6 A rationale for the starting dose in human (e.g., including receptor
occupancy).

7 A rationale for the study population (particularly for the use of
healthy volunteers).

8 A rationale for the administration schedule for the initial and

subsequence cohorts. This should include the time interval between
dose administered to individual subjects.
9 A rationale for the dose escalation particularly with regard to
potential adverse effects.
10 The proposed trial site, including the facilities available.
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for review. The scope and remit of assessments performed by the EAG is as
follows:

+ First Time in Man (FTIM) studies with new compounds acting (directly
or indirectly) via the immune system with a novel target or a novel mecha-
nism of action or having a secondary potential effect on the immune
system via a mechanism of action which currently is not well
characterized.

« FTIM studies with novel compounds acting via a possible or likely species
specific mechanism.

- Any FTIM studies which are otherwise seen as requiring expert advice.

« Other clinical trials involving classes of compound where MHRA may
wish to seek external expert advice.

« Provide expert advice on whether a product’s mechanism of action is

novel and comes within the scope of the EAG.

Provide MHRA with expert advice on pre-meeting scientific advice docu-

mentation for within scope compounds.

« Other clinical trials where MHRA may wish to seek advice or where there
is a difficult risk/benefit balance.

« Other clinical trials involving products where a new class safety issue has
been identified.

EAG review of a CTA package referred to the EAG by MHRA takes 40-45
days, after which time the CTA can be submitted to MHRA provided the EAG
gives a positive opinion. This new process for assessment of CTAs for drugs
that might pose a “high risk” in early human trials has already been imple-
mented by the UK regulatory authority (MHRA). As mentioned above, fol-
lowing the TGN1412 event, and due to political pressure, the Safety Working
Party (SWP) of EMEA has issued an EU guidance document with regard to
the identification and mitigation of risk for first-in-man human clinical trials
for investigational medicinal products [25].

At a practical level, the TGN1412 incident is likely to have an influence on
the preclinical testing of certain biopharmaceutical products (particularly
monoclonal antibodies and other immunomodulatory products), in the follow-
ing respects:

« There will need to be clearer understanding of the relevance of the species
used in preclinical studies to humans. This is likely to involve generation
of relative receptor expression/density data between animals/humans and
relative potency between animals/humans using suitable cell/tissue prepa-
rations, to be taken into account in interspecies dose scaling. Although
the ICH S6 guideline makes reference to these issues, they will now
assume greater importance and a more thorough examination as a result
of the TGN1412 incident.
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- Additional preclinical data to address potential for specific adverse events,
such as cytokine release syndrome, may be required in some cases.

« The approach to setting the starting dose for “high-risk” human clinical
trials may no longer be based on extrapolation from the no-observable-
adverse-effect-level (NOAEL) in the animal toxicity studies, but rather
on the “minimal anticipated biological effect level” (MABEL), derived
from in vitro potency data, combined with predictive modeling of the
kinetic behavior of the drug in man and/or estimates of potential receptor
occupancy at the human starting dose. Examples of various approaches
to calculation of MABEL values are given in the Final Report of the ESG
on Phase One Clinical Trials [24], as well as in the ABPI/BIA report on
early stage clinical trials [23]. An overview of the TGN1412 incident and
the implications for conduct of phase 1 trials in Germany has been pub-
lished by assessors from one of the German authorities, the Paul-Ehrlich
Institute (PEI) [26]. Some other EU countries have also modified their
assessments and procedures for approval of first-in-man clinical trials fol-
lowing the TGN1412 incident (e.g., the French agency, AFSSAPS, issued
guidance on conduct of human phase 1 studies in July 2006, including
recommendations for starting dose selection and dose escalation, although
this guidance no longer seems to be available in English on their
website).

4.6.3 Primate Supply and Use

Due to the high degree of species specificity of action of many biopharmaceu-
ticals, and potential immunogenicity in lower species, primates are quite exten-
sively used in preclinical safety testing of these products. There is a slight
misconception in some regions outside the European Union that there are
tight controls and some difficulties regarding the conduct of preclinical studies
in primates in Europe. The reality of the situation is as follows:

+ Breeding facilities for primates for laboratory use are limited within the
European Union, with the exception of marmosets.

» There are well-established supply channels for import of purpose-bred
monkeys (mainly cynomolgus monkeys, and some rhesus monkeys)
into the European Union from breeding colonies in Eastern Asia or
Mauritius.

- Monkeys used for drug development are almost exclusively “purpose
bred,” the use of wild-caught animals actually not being allowed in many
member states.

- The use of primates in research has to be fully justified, and is subject to
special review in some member states. However, provided that scientific
justification can be provided, preclinical studies on primates are permit-
ted, and there are a number of major contract research organizations
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(CROs) throughout the EU that perform primate toxicity studies on a
routine basis.

« Studies using great apes (e.g., chimpanzees) are generally not permitted
in many member states, and there are no readily available colonies of
great apes for research use in the European Union.

The protection of experimental animals in the European Union is covered by
Directive 86/609/EEC [27]. This Directive is currently undergoing a process of
review and update, a public consultation exercise on the proposed revisions
having recently been undertaken. There are some proposed changes to the
Directive that could impact on primate use, and potentially on biopharmaceu-
tical development in the European Union:

+ A proposal to restrict primate use to F2 animals (and subsequent genera-
tions) of wild-caught breeding stock. At present, many EU laboratories
still use F1 generation animals, and a switch to F2 animals would lead to
supply problems in the coming years, while breeders set aside a significant
number of the F1 animals normally supplied to the European Union, for
breeding purposes.

« An EU-wide ban on the use of great apes, with very limited exceptions.
In reality this change may have little impact, since statistics show that
virtually no great apes have been used for research purposes in the Euro-
pean Union in recent years (only six animals in 1999, and zero in 2002).
However, for monoclonal antibodies that only show cross reactivity in
humans and chimpanzees, it is still fairly common for a limited safety
study in chimpanzees to be conducted to support the phase 1 human
studies. Such studies would have to be conducted outside of the European
Union, although it should be pointed out that it is unlikely that an EU
national regulatory authority would expect chimpanzee data to be submit-
ted as part of a CTA for a human-specific monoclonal antibody product.
Data from literature sources, in vitro data, as well as data from any rele-
vant transgenic mouse or rodent homologue antibody models would
probably be used in the risk assessment in these circumstances.

There are efforts to reduce primate use in the European Union, which could
impact on the use of monkeys for biopharmaceutical development programs
in the future. For example, the National Centre for Replacement, Refinement
and Reduction of Animals in Research (NC3Rs, based in the Union Kingdom)
has recently hosted a workshop and published proposals in relation to the
reduction in primate use in monoclonal antibody development [28]. They are
advocating that so-called alternative approaches to safety testing of monoclo-
nal antibodies, using transgenic rodents that express the human receptor for
the antibody, or using rodent homologue versions of the human antibody,
should be employed more routinely so as to reduce the numbers of primates
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used. This initiative, while well-intentioned, possibly fails to understand the
technical difficulties and interpretative challenges associated with the alterna-
tive approaches, and it remains to be seen whether such approaches would be
accepted in place of primate toxicity studies by regulatory agencies in all ICH
regions. In addition, while such approaches have been used in a few instances
where human antibodies show no cross reactivity with conventional laboratory
animal species (e.g., the anti-CD11a antibody, Efalizumab [29]), there has been
no validation of the alternative approaches for an antibody that does cross
react with monkeys, to assess whether the transgenic or rodent homologue
models provide equivalent, relevant safety data compared to those obtained
from a standard primate toxicity study. This debate will probably continue for
some time, but for the present, sponsors based outside the European Union
probably just need to be aware that there are groups working to reduce
primate use in Europe.

4.6.4 Duration of Chronic Toxicity Studies

There has been some confusion regarding the required duration of chronic
toxicity studies on biopharmaceutical products. The ICH S6 guideline states
that studies of six months duration are usually adequate for biotechnology-
derived drugs. In contrast, some regulators (including some assessors at CDER
in the US agency) have referred to the ICH M3 guidance [30] on this topic,
and suggested that 9 or 12 month toxicity studies may be necessary for chronic
use biopharmaceuticals, using a small-molecule drug approach to the preclini-
cal studies. In the European Union such confusion does not seem to exist, such
that all agencies accept the ICH S6 guidance that a six-month animal study
is generally adequate to address chronic toxicity of biopharmaceutical
products.

4.6.5 Comparability Testing of Biopharmaceutical Products

It is reasonable to comment that the state of the art of comparability testing,
as well as approaches used for assessment of biosimilar or follow-on biologics
may actually be slightly more advanced in the European Union than in some
other regions, due the effort that has been expended in the development of a
number of guidelines in this area. These guidelines include specific documents
on particular product types (e.g., insulins, growth hormone) that are likely to
be developed as biosimilars in the coming years.

4.7 CONCLUDING REMARKS

ICH S6 has been uniformly implemented across the EU member states, and
considerable experience of the application of the guiding principles in this
document has been gained both locally (in many of the national authorities)
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as well as centrally (within the EMEA). There is no evidence that there are
major differences in the interpretation of the guideline within the European
Union, compared to the other major ICH territories (the United States and
Japan). The major difference in application of the guidance stems from the
rather more complex regulatory structure and process for obtaining scientific
advice, compared to the single-agency model that applies in the United States
and Japan. Therefore much attention has been paid in this chapter to an expla-
nation of the unique regulatory structure and the options for obtaining drug
approvals within the European Union.

Safety evaluation of novel biopharmaceuticals has come into the spotlight
in the European Union over the last year, as a result of the serious adverse
events observed in the TGN1412 phase 1 clinical trial. This has already led to
new initiatives with regard to extrapolation from preclinical animal data to
early human trials, which will place more emphasis on a full understanding of
species differences in pharmacology of biotechnology-derived drugs, as well
as novel approaches to deriving starting doses for first-in-human studies for
some of these molecules. In the short term there is likely to be a more cautious
approach to setting of starting dosages for phase 1 studies on immunomodula-
tory biopharmaceuticals in the European Union, although there is no evidence
that the TGN1412 incident has led to increased requirements for preclinical
animal studies. In contrast, there has probably been an increased interest in
additional in vitro studies to assist in pharmacokinetic/pharmacodynamic cor-
relations between animals and humans so as to better understand the rele-
vance of the animal safety data to humans. These activities are basically an
extension of some of the principles originally laid out in the ICH S6 guideline,
and should serve to further enhance the relevance and value of preclinical
studies on biopharmaceuticals.
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5.1 INTRODUCTION

Biotechnology-derived pharmaceuticals (biopharmaceuticals) appeared for
the first time in the 1980s for medical treatment of diseases, such as diabetes
mellitus and hypophysical dwarfism. Since then the number and types of
biopharmaceuticals have climbed and continue to dramatically increase.
One reason for the increase is the evolution of recombinant manufacturing of
biopharmaceuticals. This has provided sufficient amounts of proteins for devel-
opment and clinical use, whereas, for example, the amount of insulin or growth
hormones extracted from animal or human tissues had been limited. Another
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benefit of recombinant technology is the production of proteins with primary
amino acid sequences that are identical to those of endogenous human pro-
teins. This reduces immunogenicity, which was a problem with the use of
animal proteins in humans. Long-term use of bovine or porcine insulin induces
the production of an antibovine insulin or antiporcine insulin antibody that
can sometimes decrease its efficacy, change the pharmacokinetics, and cause
immunological adverse effects. Human proteins are expected to have suffi-
ciently low or no immunogenicity to be used for the long term in humans.
Human insulin produced by recombinant DNA technology was shown to
induce the production of the antibody at much lower level in humans than
bovine or pork insulin. Although immunogenicity is reduced, long-term admin-
istration of human insulin also induces the production of antibody in humans
in some patients. Similarly to human insulin, the immunogenicity of biophar-
maceuticals in humans remains an issue.

From a preclinical point of view, human protein biopharmaceuticals may
be immunogenic in animals. In the case where a human protein is highly
immunogenic in animals, the safety evaluation may have technical limitations.
Over a decade ago the following concerns/questions were raised about the
scientific justifications on the safety assessment of biopharmaceuticals in pre-
clinical studies: If low or no toxicity is observed at high doses of a biopharma-
ceutical in an animal that does not respond to the biological activity of the
biopharmaceutical, can it simply be concluded that the failure of demonstrat-
ing toxicity in animals would mean low or absence of toxicity in humans? How
is the potential toxicity of a biopharmaceutical interpreted if toxicity decreases
after repeated administration due to the production of neutralizing immuno-
genicity? Should developers conduct a battery of genotoxicity studies for a
biopharmaceutical? A human protein biopharmaceutical is positive in an anti-
genicity study [1], but is this meaningful? Should ADME studies be conducted
with radiolabeled biopharmaceuticals?

To answer these questions, guidelines and/or Points-to-Consider documents
were issued in the European Union, the United States, and Japan. However,
differences in approaches for safety evaluation of biopharmaceuticals among
those regions were identified, indicating the need for harmonizing these
approaches among the three regions. In 1997 the three regions reached an
agreement concerning preclinical safety evaluation of biotechnology-derived
pharmaceuticals (ICH S6). On the basis of this ICH S6 guideline, Notification
326 was issued as ICH Step 5 by the Ministry of Health and Welfare (MHW)
in 2000 [2]. Subsequently scientists from the National Institute of Health Sci-
ences (NIHS), the Pharmaceuticals and Medical Devices Evaluation Center
(currently, Pharmaceuticals and Medical Devices Agency, called PMDA), and
Japan Pharmaceutical Manufacturers Association (JPMA) collaborated to
publish a Japanese Points-to-Consider document regarding the safety assess-
ment of biopharmaceuticals in preclinical studies in 2002 [3]. An English
translation was published in 2004 [4].
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5.2 ANALYSIS OF DATA FROM THE JPMA QUESTIONNAIRE
SURVEY REGARDING ICH S6 IMPLEMENTATION IN JAPANESE
PHARMACEUTICAL COMPANIES

A JPMA working group conducted a survey in 2001 to examine how the ICH
S6 guideline was being implemented by the 83 pharmaceutical companies that
belonged to JPMA at that time [5]. Responses to general principles were
obtained from 54 out of 83 pharmaceutical companies. Moreover 34 biophar-
maceuticals from 25 pharmaceutical companies were examined with respect
to each company’s specific points of considerations in their preclinical studies.
In this section the key survey results are summarized along with the interpre-
tation of the JPMA working group.

5.2.1 Understanding the General Principles

Animal Species Selection Almost all pharmaceutical companies select
animal species for preclinical studies on the basis of the results of the respon-
siveness of a test animal to the biological activity of a biopharmaceutical and
its production of neutralizing antibodies. Such considerations are specifically
applicable to biopharmaceuticals but not to new chemical entities (NCEs).
This survey finding suggests that most pharmaceutical companies in Japan
understand and implement the animal species selection in good accordance
with ICH Sé.

ICH S6 allows the use of only one species for subsequent long-term studies
when the toxicity profiles of two species are comparable in a short-term study.
JPMA’s questionnaire included a question on whether the toxicity profiles are
concluded to be similar when no toxicity is observed in the two species that
are responsive to the biological activity of a biopharmaceutical. The most
common response was that this decision is made on a case-by-case basis con-
sidering pharmacological and pharmacokinetic data. The second most common
was that the toxicity profiles are considered similar when the highest dose for
testing is scientifically justified (as discussed in the next section), closely fol-
lowed by the third most common answer that profiles are not concluded to be
similar since the comparison of toxicological changes cannot be done. There
may not be a correct single answer. Because in many cases only the biological
changes due to exaggerated pharmacological effects are observed, the JPMA
working team concluded that it may be practical to consider these toxicity
profiles as similar and to use only one species in the subsequent long-term
studies as long as the pharmacologically responsive animal and the dose selec-
tion are appropriate.

Highest Dose Selection 1t is sometimes difficult to set the highest dose for
safety programs of a biopharmaceutical when low or no toxicity is observed
in animals. The JPMA questionnaire survey revealed that most pharmaceutical
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companies set the highest dose of a biopharmaceutical using the maximum
feasible dose, which is the highest concentration that can be prepared based
on the solubility of the biopharmaceutical, and the largest administration
volume that can be administered to animals. The second most common
response was a dose that is 10 to 100 times higher than the expected clinical
dose, and the third was to use a dose several to 10 times higher than the clini-
cal dose. However, the JPMA working team did not agree that the maximum
feasible dose or a large multiple of the clinical dose is scientifically appropriate.
More important is to determine the adverse biological changes induced by any
exaggerated pharmacological effects at doses relevant to the expected clinical
dose rather than toxicological changes induced by unrealistic doses. Moreover
animal data gathered at maximum feasible doses or at doses that are 100 times
higher than the clinical dose cannot ensure the safety of biopharmaceuticals
in humans without the consideration of the difference in responsiveness to the
biological activity between the test animals and humans and the intended
clinical indication. Therefore the JPMA working team concluded that the test
doses should be determined on the basis of the responsiveness of animal
species to the biological activity of a biopharmaceutical and the clinical usage
conditions.

5.2.2 Japanese Practices in Preclinical Studies

Types of Biopharmaceuticals Survey data on preclinical safety assess-
ment programs were analyzed for 34 biopharmaceuticals cases. The numbers
of antibodies, human proteins, and human protein analogues either in the
development or marketed as of 2001 in Japan were 13, 12, and 6, respectively.
The remainder were bioconjugates, DNA-derived vaccines, and human T cell
epitopes. Thus antibodies and human proteins are the two major
biopharmaceuticals.

In vivo Studies The in vivo preclinical studies conducted for 34 biopharma-
ceuticals are shown in Table 5.1. Single-dose and repeated-dose toxicity studies
up to three months were conducted in most cases using rodents and non-
rodents. Repeated-dose toxicity studies longer than three months were con-
ducted for a third of the 34 cases. Nonrodents were used more often than
rodents in considering the biological responsiveness of test animals to the
biopharmaceuticals. Levels of antibodies were measured in most repeated-
dose toxicity studies (31 out of 34 cases). The alteration of pharmacokinetics
or pharmacodynamics by antibodies was observed in 13 out of 31 cases, which
did not result in the discontinuation of the studies nor required significant
changes in the study design. The JPMA working group agreed with the
continuation of such studies, since neutralizing antibodies do not always inter-
fere with the outcome of a toxicological response. However, the production
of neutralizing antibodies precludes long-term studies, such as carcinogenicity
studies. Reproductive toxicity studies were conducted for 11 out of 34 cases.
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TABLE 5.1 In vivo preclinical studies conducted for 34 biopharmaceuticals

In vivo Preclinical Studies Cases
Rodent single-dose toxicity study 24
Nonrodent single-dose toxicity study 21
Rodent repeat-dose toxicity study (not longer than 3 months) 24
Nonrodent repeat-dose toxicity study (not longer than 3 months) 29
Rodent repeat-dose toxicity study (longer than 3 months) 8
Nonrodent repeated dose toxicity study (longer than 3 months) 13
Antigenicity studies 12
Immunogenicity studies (excepting antigenicity studies) 11
Reproductive toxicity study (segment 1) 13
Rodent reproductive/developmental toxicity study (segment 2) 14
Nonrodent reproductive/developmental toxicity study (segment 2) 17
Reproductive/developmental toxicity study (segment 3) 11
Genotoxicity studies 16
Carcinogenicity study (long-term) 2
Carcinogenicity study (short- to mid-term) 1
Local irritation studies 24

General pharmacology studies (category A)

General pharmacology studies (category B)

Safety pharmacology studies (core battery)

Safety pharmacology studies (follow-up or additional studies)
Other

AN L O WO

Antigenicity studies (active sensitization test in guinea pigs, PCA in rabbits or
guinea pigs, passive hemagglutination reaction using sensitized rabbit serum,
investigation of IgE-type antibody production capacity, degree of covalent
bonding with proteins, polymerization of the drug or cross-antigenicity) defined
by a book entitled Drug Approval and Licensing Procedures in Japan [1] were
conducted for 11 out of 34 cases. The antigenicity studies were conducted in
most cases before the ICH S6 notification. It was concluded by the ICH S6
expert working group that antigenicity studies conducted with biopharmaceu-
ticals are not scientifically justified. A description of antigenicity studies was
taken out of the 2006 edition of the book. The in vivo genotoxicity studies
were done for 16 biopharmaceuticals; almost all the cases were prior to the
ICH S6 notification. A few carcinogenicity studies were conducted for 34 bio-
pharmaceuticals examined (e.g., recombinant hormones).

On the questionnaire was also a question asking what in vivo preclinical
studies commonly conducted for NCEs were intentionally omitted for the 34
biopharmaceuticals (Table 5.2). Rodent repeated-dose toxicity, antigenicity,
reproductive toxicity, in vivo genotoxicity, and carcinogenicity studies were in
this category for a third to half of the 34 cases. The main reason for not con-
ducting rodent repeated-dose toxicity studies was the lack of rodent respon-
siveness to the biological activities of the biopharmaceuticals. The reasons
for not conducting reproductive toxicity studies were related to the
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TABLE 5.2 In vivo preclinical studies intentionally not conducted for 34
biopharmaceuticals

In vivo Preclinical Studies Cases
Rodent single-dose toxicity study 9
Nonrodent single-dose toxicity study 8
Rodent repeat-dose toxicity study (not longer than 3 months) 11
Nonrodent repeat-dose toxicity study (not longer than 3 months) 5
Rodent repeat-dose toxicity study (longer than 3 months) 10
Nonrodent repeat-dose toxicity study (longer than 3 months) 6
Antigenicity studies 15
Immunogenicity studies (excepting antigenicity studies) 4
Reproductive/developmental toxicity study (segment 1) 11
Rodent reproductivedevelopmental toxicity study (segment 2) 11
Nonrodent reproductive/developmental toxicity study (segment 2) 8
Reproductive/developmental toxicity study (segment 3) 11
In vivo genotoxicity studies 11
Carcinogenicity study (long-term) 15
Carcinogenicity study (short- or mid-term) 6

Local irritation studies

General pharmacology studies (category A)

General pharmacology studies (category B)

Safety pharmacology studies (core battery)

Safety pharmacology studies (follow-up or additional studies)
Other

S NN B W

administration period in a clinical setting, the patient population, nonrespon-
siveness of animal species to biological activity, and the existence of extensive
safety data for humans on natural proteins. The main reason for not conduct-
ing antigenicity and in vivo genotoxicity studies was that those studies are not
required by ICH S6. The main reasons for carcinogenicity studies were the
lack of biological responsiveness and the production of neutralizing
antibodies.

In vitro Studies Table 5.3 shows the in vitro preclinical studies conducted
for the 34 biopharmaceuticals. Most were in vitro genotoxicity studies that are
not required by the ICH S6 guideline. This is not the case of poor understand-
ing of the ICH S6. In vitro genotoxicity studies are usually conducted at the
early stage of development. Almost all the in vitro genotoxicity studies exam-
ined by the JPMA survey in 2001 were conducted before the ICH S6 notifica-
tion. The cross-reactivity studies were used to understand interspecies reactivity
to a biopharmaceutical, especially in case of antibodies.

ADME Studies Absorption, distribution, metabolism, and excretion studies
were conducted for 24,21, 17, and 19 out of the 34 biopharmaceuticals, respec-
tively. No radiolabeled proteins were used for 20, 2, 1, and 13 out of the 34
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TABLE 5.3 In vitro preclinical studies conducted for 34 human proteins

In vitro Preclinical Studies Cases
Ames tests 14
Chromosomal aberration test 10
Mouse lymphoma TK test 3

Cross reactivity study

In vitro general pharmacology studies (category A)
In vitro general pharmacology studies (category B)
In vitro safety pharmacology studies

Other

W W Wk O

biopharmaceuticals, respectively. The types of radiolabeled proteins in the
remaining studies included conjugates of '*I-, *C-, and *H-. When using radio-
labeled proteins, it is important to demonstrate that a radiolabeled test mate-
rial maintains its activity and biological properties equivalent to those of the
unlabeled material. In most cases this was done before using the radiolabeled
protein. Other concerns are stoichiometric radiolabeling, the loss of radiolabel,
recycling of a radiolabeled amino acid into non-drug-related protein, and
disruption of stability. It is well known that there are technical limitations to
the use of radiolabeled proteins for ADME studies. For example, when using
'%I-radiolabeled proteins in distribution studies, the formation of inorganic
iodine by deiodinization in vivo should be considered. Free '*I thus produced
is accumulated in the thyroid gland: therefore a '*I-radiolabeled biopharma-
ceutical seems to distribute mainly in the thyroid gland. However, the JPMA
working group agreed that with a good understanding of the technical limita-
tions, ADME studies using radiolabeled proteins may provide some useful
information for the planning of human study.

5.3 POINTS-TO-CONSIDER DOCUMENT IN JAPAN

Scientists from NIHS, PMDA, and JPMA collaborated to publish a Points-to-
Consider document regarding the safety assessment of biopharmaceuticals in
preclinical studies in 2002 [3]. The collaboration team intended to clarify their
interpretation of the ICH S6 guideline and share recent Japanese practices on
this matter. However, it was written in Japanese. Thus the collaboration team
made an English translation of the document and also collected comments on
the contents from experts in the United States and the European. The experts
agreed to most ideas presented in the Japanese Points-to-Consider document.
They also suggested more clarification of some other ideas. In light of these
comments, the collaboration team revised and published the English transla-
tion of the document, such that the nonnative Japanese could correctly under-
stand the contents [4]. In this section, I summarize the key points of the
document, as they may be of some help to scientists in the pharmaceutical
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industries and regulatory reviewers in countries other than Japan. However,
it is important to note that the Points-to-Consider document is not a regulatory
requirement in Japan. There may even be a gap between the contents of the
document and some individual cases. Therefore the application of the contents
to individual cases should be made on a scientifically justified case-by-case
manner.

5.3.1 Classification of Biopharmaceuticals

A significant contribution of the Japanese Points-to-Consider document is the
classification of biopharmaceuticals. When ICH S6 was written, the types of
biopharmaceuticals whose information was available for discussion were mainly
human proteins/peptides and diagnostic antibodies. Several new types of bio-
pharmaceutical have been developed since the notification of the ICH Sé.
However, the knowledge on and experiences in the development of the new
types of biopharmaceutical have not been shared. Thus the classification and
considerations for many of the newer types is proposed in the Japanese Points-
to-Consider document. Discussed next are the key points of the document [4].

Biopharmaceuticals covered by the ICH S6 guideline include protein and
peptide products consisting of natural amino acids. The top portion of Table
5.4 shows the subcategories of biopharmaceuticals. Antibodies were initially
considered to be included under the protein subcategory classification, as they
consist of amino acids, but ended up being a separate category because the
biological activities of antibodies differs substantially from those of other
protein products. In recent years the development of human protein analogues
has sporadically been observed with the intent of improving efficacy. Therefore
approaches to the development of these analogues are also described. The
ICH S6 covers the safety evaluation of biopharmaceuticals by taking into
account the type and clinical applications. The considerations for each type of
biopharmaceutical are described below. The safety of impurities and degrada-
tion products in biopharmaceuticals needs to be comprehensively assessed
with respect to their quality and bioactivity.

Proteins When a human protein is used at a concentration in blood exceed-
ing the physiological level, studies for safety evaluation should be designed
with reference to many of the considerations mentioned in the ICH S6 guide-
line. Moreover an entirely different physiological secretion pattern in humans
should be considered. Changes in concentration in blood are considered more
significant than the concentration itself for some classes of proteins. Biophar-
maceuticals intended for use in sustained-release formulation show changes
in blood concentration that diverge much from the physiological secretion
pattern. Therefore, when the changes in the blood concentration of an exoge-
nous human protein in blood differ from the physiological secretion patterns
of an endogenous protein, attention should be paid to the potential changes
in the physiological action.
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TABLE 5.4 Type of biopharmaceuticals/related biological medicines and scope of
the ICH S6 guideline

PROTEINS (covered by ICH S6)
Human-type protein
Nonhuman protein
Human-type protein analog consisting of natural amino acid
Human-type protein analog containing nonnatural amino acid
Bioconjugate of human-type protein and other protein
Bioconjugate of human-type protein and organic linker

PEPTIDES (covered by ICH S6)
Human-type peptide
Nonhuman-type peptide
Human-type peptide analogue consisting of natural amino acid
Human-type peptide analogue containing nonnatural amino acid

ANTIBODIES (covered by ICH §6)

Monoclonal antibodies/chimera antibodies
Immunoconjugates

PEPTIDE MIMICS (not covered by ICH S6 but its basic principles can be used as
reference)

NCEs having a selective affinity to human peptide receptors

OLIGONUCLEOTIDE MEDICINES (not covered by ICH S6 but its basic principles can be
used as reference)
Anti-sense compounds
RNAI
Aptamer

OTHER BIOLOGICAL MEDICINES (not covered by ICH S6 and safety evaluation conforms
to other standards)
Antibiotics
Allergen extracts
Vitamins
Viral vaccines, etc.

For animal proteins or human-type protein analogues consisting of natural
amino acids (i.e., human-type protein analogues with the original human
protein amino acids substituted with other natural amino acids, added natural
amino acids, or deleted amino acids) potential differences in the potency and
quality of biological activity between these pharmaceuticals and the original
human proteins should be considered. For example, in the case of a human-
type protein analogue in which the substituted site is in receptor recognition
sites, its biological activity may be enhanced or diminished, and even a new
biological activity may occur. Moreover, depending on the type and site of the
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amino acid replaced, a new antigen determinant (epitope) may be expressed
that results in changes of immunogenicity.

For human-type protein analogues with nonnatural amino acids, in addition
to the considerations above, attention should be paid to the potential biologi-
cal activity and pharmacokinetic behavior in the fragment containing the site
in which this protein has been metabolized. For example, no genotoxicity
studies are required for proteins that cannot pass through cell membranes,
whereas the applicability of these studies should be discussed on a case-by-
case basis for fragments containing nonnatural amino acids. No metabolism
studies are required for proteins that are degraded into only amino acids,
whereas metabolism studies may provide useful information on proteins con-
taining nonnatural amino acids.

Two types of bioconjugates may exist. A bioconjugate of a human-type
protein and another protein may have the combined biological activity of both
proteins, and their effects on the body may be altered due to their interaction.
Therefore conducting safety evaluation in pharmacological studies should be
considered. On the other hand, a bioconjugate of a human-type protein and
an organic linker can be studied similarly to human-type protein analogues
containing nonnatural amino acids.

Peptides Peptides, similar to proteins, consist of amino acids, although their
molecular weights are lower than those of proteins. Therefore the consider-
ations above for proteins are also applicable to peptides. Antibody formation,
which is a key issue in animal experiments on human-type proteins, generally
depends on molecular weight (i.e., the probability of antibody formation is low
if the molecular weight is low). The guideline covers not only biotechnologi-
cally produced peptides but also chemically synthesized peptides.

Antibodies Antibodies are usually targeted to specific receptors, particu-
larly monoclonal antibodies. Many of these antibodies are inherently species-
specific. It is important for the developer to verify species specificity in order
to justify the use (or non-use) of a particular animal species in safety studies.
In the cases where an appropriate animal model is not available, the use of
homologous antibodies for animals or the use of relevant transgenic animals
expressing human antigens should be considered. In addition, when an IgG
antibody is used in possibly pregnant or lactating women, and on the basis of
the intended indication, reproductive toxicity should be investigated because
of the potential of the antibody to be transferred to the placenta or milk.
Immunoconjugates of antibodies, conjugated with either other proteins or
organic linkers, should be handled the same way as for the bioconjugates
described above.

Peptide Mimics and Oligonucleotide Medicines The middle section of
Table 5.4 shows new types of pharmaceuticals not classified as biopharmaceu-
ticals, although they may have a selective pharmacological action similar to
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that of biopharmaceuticals. Their safety evaluation in animals is sometimes
difficult to conduct. The ICH S6 guideline does not cover these pharmaceuti-
cals, but its basic principles can be used as reference. Peptide mimics, antisense
compounds, RNAi, and aptamer fall in this category. (Refer to the Points-to-
Consider paper [4] for references.)

Other Biological Medicines The conventional biologics shown in the
bottom section of Table 5.4 are not covered by the ICH S6 guideline. Pre-
clinical safety evaluation based on relevant standards is necessary for this
group of pharmaceuticals. (Refer to the Points-to-Consider paper [4] for
references.)

5.3.2 Individual Considerations

Additional useful ideas included in the Japanese Points-to-Consider document
are summarized that require further clarification.

Highest Dose Selection The highest dose for safety assessment programs
in the preclinical studies should be selected by considering the intended
maximum clinical exposure of a biopharmaceutical on the basis of its AUC.
There is generally no need to investigate biopharmaceuticals at exposures
much higher than the intended clinical exposure, unlike the case of NCEs.
Another consideration is that the highest dose is as the dose at which the
pharmacodynamic response has reached the plateau (pharmacodynamic
maximum dose).

Toxicological Effects and Pharmacological Action In some cases only
exaggerated pharmacological effects may be observed in the toxicological
studies of the biopharmaceuticals. Sometimes these effects are difficult to dis-
tinguish from a compound-related toxicity. However, if the effect is related to
the mechanism (predictable) and is reversible, it should not be considered as
an adverse effect.

In the event of lethality observed in a toxicity study it is prudent to deter-
mine whether the death is due to toxicity or an exaggerated pharmacological
effect considering the clinical application. For example, death due to hemor-
rhage is sometimes observed in healthy animals after administration of bio-
pharmaceuticals with an anticoagulation activity. Likewise death due to
hypoglycemia can occur in healthy animals after administration of insulin. To
attribute these death cases to toxicity has little value for determining human
safety in clinical practice. Because these changes are observed only in healthy
animals, and because biopharmaceuticals are prescribed for the normalization
of abnormal functions in patients (e.g., hypercoagulopathy or hyperglycemia)
through their pharmacological activity, one can easily assume that hemorrhage
or hypoglycemia due to excessive expression of the pharmacological actions
may occur.
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Metabolism Study The degradation of a protein to peptides and an amino
acid moiety is commonly expected as a representative metabolic pattern.
Therefore conventional biotransformation studies are not needed for biophar-
maceuticals consisting of natural amino acids. However, metabolism studies of
biopharmaceuticals containing nonnatural amino acid may provide useful
information. In such cases radiolabeled proteins should be prepared to trace
the pharmacokinetic behavior of the nonnatural amino acid fragments.

In vitro Electrophysiological Study In vitro electrophysiological studies
are generally not applicable to biopharmaceuticals. This is because NCEs act
on each cellular channel after passing through the cell membrane, whereas
biopharmaceuticals are not expected to act similarly because they cannot pass
through the cell membrane.

Single-Dose Toxicity Study An objective of single-dose studies is to define
the relationship of dose with systemic and/or local toxicity. For biopharmaceu-
ticals repeatedly administered clinically, the data from single-dose toxicity
studies can be used to select doses for repeated-dose toxicity studies. Repeated-
dose toxicity studies of biopharmaceuticals that have minimal toxicity can be
performed without conducting single-dose toxicity studies under GLP condi-
tions. Therefore single-dose toxicity studies in two animal species are not
considered to be as necessary for these biopharmaceuticals as they are for
NCEs. When a single-dose toxicity study is necessary, single-dose toxicity can
be evaluated as a component of safety pharmacology or primary pharmaco-
dynamic studies using animal models. When the doses set for the repeated-
dose toxicity study are reasonable, the initial administration data obtained
from the repeated-dose toxicity study can be used as data for single-dose tox-
icity studies. Since biopharmaceuticals need not be examined at high doses
such as the approximate lethal dose, conducting single-dose toxicity studies
merely to obtain information on the potential of toxic substances among
others would be meaningless. Single-dose toxicity studies in nonrodents only
should be considered in cases where rodents are not considered a relevant
species.

Repeat-Dose Toxicity Studies Typically toxicity studies are performed in
two animal species. However, for toxicity studies for which there is only one
relevant animal species, these studies may be performed using one animal
species. When two animal species show the same toxicity profile in short-term
studies, only one animal species may be used in long-term studies. Comparison
of toxicity profiles means comparing the type and severity of any toxicity
observed. However, biopharmaceuticals with a low toxicity may display
no toxicity at high doses in some cases. It such cases it may still be important
to select one species for assessment of chronic toxicity. More important, in
cases where toxicity has not been clearly demonstrated justification of human
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safe human doses would be based on an understanding of the therapeutic
index (i.e., minimum effective biological dose and the maximum feasible
dose).

Reproductive and Developmental Toxicity Studies The requirement for
reproductive and developmental toxicity studies depends on the clinical indi-
cation and intended patient population. For example, when (1) no relevant
animal species exists, (2) a biopharmaceutical is not used for pregnant women
or women of child-bearing potential (3) there is a structurally comparable
natural biopharmaceutical for which there is much experience in clinical prac-
tice, or (4) a biopharmaceutical is indicated for patients with minimal child-
bearing potential and indicated for those with serious diseases, reproductive,
and developmental toxicity studies could be obviated.

When standard reproductive and developmental toxicity studies are not
feasible due to problems of neutralizing antibody formation, although it is
deemed necessary, the study design and dosing schedule may be modified on
the basis of factors related to species specificity, immunogenicity, biological
activity, and/or elimination half-life. For example, a reproductive and develop-
mental toxicity study with a shorter periodic dosing than the whole-period
dosing shown in the toxicology guideline for NCE can be meaningful. In addi-
tion alternative studies using relevant transgenic animals, or homologous
proteins, should be considered. However, as reproductive performance in
transgenic animals has not yet been clarified, careful selection of a study
system is required.

The points to consider on the need for assessment of reproduction toxicity
of human insulin analogues have been published [6].

Carcinogenicity Studies When the following points are confirmed, gener-
ally, carcinogenicity studies are not necessary even when a biopharmaceutical
is used for a long period:

1. It is used for substitution therapies at the physiological level.

2. It has no physiological activity that differs from that of endogenous
substances.

3. Its biological action is not significantly stronger than that of endogenous
substances.

4. Tt has no potential to induce tumor cell division (in the case of growth
promoters).

5. It neither locally retains nor accumulates at a high concentration for a
long period of time.

6. It does not have a sustained pharmacological action.

7. In repeated-dose toxicity studies when a dosing duration adequate for
evaluation is attained, no preneoplastic lesions are observed.
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8. The results of genotoxicity studies are negative in the case that the
studies are relevant and have been conducted (e.g., bioconjugate with
organic chemical linker).

Assessment of the carcinogenic/tumorigenic potential should be considered
for some biopharmaceuticals because of the dosing duration, the relationship
of target diseases with cancer, the biological activity of a product, the presence
or absence of immunosuppressive action, in vitro data, and so forth. In the
cases where a product is biologically active and nonimmunogenic in rodents
and other studies have not provided sufficient information to allow an assess-
ment of carcinogenic potential, then the use of one rodent species should be
considered. Careful consideration should be given to the selection of dose. The
use of a combination of pharmacokinetic and pharmacodynamic endpoints,
with consideration of comparative receptor characteristics and intended
human exposures, represents the most scientific approach to defining the
appropriate dose. The rationale for the selection of dose should be provided.
Points-to-consider on the preclinical assessment of the carcinogenic potential
of insulin analogues have been published [7].

Genotoxicity Studies 1t is generally not applicable to routinely implement
the genotoxicity studies of biopharmaceuticals as required for NCEs. Proteins
and peptides are not expected to interact directly with DNA or other chro-
mosomal materials by passing through the cell membrane. On the other hand,
ICH S6 describes “With some biopharmaceuticals, there is a potential concern
about accumulation of spontaneously mutated cells (e.g., via selectively facili-
tating a predominating factor of proliferation) leading to carcinogenicity, alter-
native in vivo or in vitro models to address such concerns may have to be
developed and evaluated.” When in vitro or in vivo data suggest a potential
biopharmaceuticals’ ability to strongly stimulate cell proliferation, carcinoge-
nicity studies should be considered. In the case of human-type proteins or
peptides, it would be helpful to assess the necessity of conducting further
studies to compare the physiological concentration of a biopharmaceutical in
blood or tissue with that at which an enhanced activity of the biopharmaceuti-
cal on cell proliferation is observed. Human protein analogues should
be evaluated for potential difference in activity from natural human-type
proteins.

Genotoxicity studies should be considered for bioconjugates having an
organic chemical linker molecule or proteins with nonnatural amino acids. The
requirement for genotoxicity studies depends on whether a biopharmaceutical
is a natural protein or an analogue such as a bioconjugate. Genotoxicity studies
are not required for natural proteins, because they are not expected to interact
directly with DNA or other chromosomal materials after passing through the
cell membrane and because natural proteins are degraded into only natural
amino acids. In the case of protein analogues containing nonnatural amino
acids, it may be necessary to assess their genotoxicity under metabolic activa-
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tion conditions, since there might be a possibility that chemical compounds
having unknown activity can be formed by metabolic degradation. However,
genotoxicity studies can be obviated even by demonstrating the inability of
such a protein analogue and the fragments into cells using radiolabeled bio-
pharmaceuticals or by other scientific evidence for their lack of genotoxicity.

5.3.3 lItems for Future Update of Japanese
Points-to-Consider Document

New Types of Biopharmaceuticals There is accumulated knowledge and
experience on new types of biopharmaceuticals since the issuance of the Japa-
nese Points-to-Consider document in 2002 [3]. One of new types of biophar-
maceuticals are the bioconjugates, namely PEGylated proteins. PEGylation is
a useful method of improving the therapeutic potential of proteins by changing
pharmacokinetics and in vivo pharmacodynamics. The preclinical information
from a number of PEGylated proteins is helpful for the further clarification
of safety assessment programs (particularly, metabolism, in vitro electrophysi-
ological and genotoxicity studies) for bioconjugates. Another new category of
biopharmaceuticals is therapeutic antibodies. The section on antibodies in the
Japanese Points-to-Consider document should be revised because there are
examples of therapeutic antibodies that have much more potent biological
activity than those developed in the 1990s. These antibodies act strongly on
biological systems of the body and sometimes induce marked biological
changes. Furthermore some of the therapeutic antibodies acting on the immune
system may induce cytokine release that results in a “cytokine release syn-
drome” in humans. This syndrome is one of the most serious adverse events
caused by biopharmaceuticals in humans. Therefore intensive investigations
on the mechanism underlying this syndrome and preclinical studies of the
prediction of cytokine release syndrome are needed for those biopharmaceu-
ticals with potent pharmacology toward activation of the immune system.

New Technologies and Assays The use of transgenic animals for the
safety assessment of biopharmaceuticals has become easier and less costly
over the years. Transgenic animals can provide useful information when no
relevant animal species are available, although there are limitations in terms
of the historical background and how data will be used in the evaluation of
the margin of safety. The use of homologous proteins is also a useful alterna-
tive when the biological activity of a biopharmaceutical is not properly studied
in animals. Homologous proteins should be designed to produce similar bio-
logical activities in animals used for the safety assessment to those of biophar-
maceuticals that will be used in humans.

In vitro electrophysiological studies have been introduced in ICH S7B [8]
for the evaluation of the potential of QT prolongation of ECG for NCEs.
Those studies are usually not applicable for biopharmaceuticals. This is because
NCEs act on each type of cellular channel after passing through the cell
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membranes, whereas biopharmaceuticals consisting of natural amino acids are
not expected to act similarly because they cannot pass through the cell mem-
brane. However, we may need to confirm whether this argument is relevant
for bioconjugates and proteins containing nonnatural amino acids, since there
might be a possibility that unknown chemical compounds can be formed by
metabolic degradation. Likewise we should revisit the justification for not
conducting genotoxicity studies for bioconjugates and proteins containing
nonnatural amino acids. Preclinical studies of prediction of cytokine release
syndrome are required for some categories of therapeutic antibodies acting
on the immune system, as described in the previous section. There would be
a species difference in responsiveness in terms of cytokine release induced by
humanized antibodies. Therefore an in vitro cytokine release assay using
human blood may also need to be considered.

Timing of Preclinical Studies Neither ICH S6 [2] nor ICH M3 [9] defines
the timing of preclinical studies to support biopharmaceutical clinical develop-
ment. Considering limitations in the prediction of adverse effects in humans
using preclinical models, it may be most important to clarify what preclinical
information is useful for the first trial in humans. One should note that no
toxicity is often observed even at a high dose of a biopharmaceutical in
animals that are not biologically responsive to the biopharmaceutical. Preclini-
cal programs that support the first dosing in humans may need to be optimized
on a case-by-case basis. In particular, the necessity for in vitro electrophysiol-
ogy, genotoxicity, and cytokine release studies should be justified by taking
into consideration the types of biopharmaceutical and available information
on the class of biopharmaceutical tested. There are some differences in pre-
clinical studies required for phases 2 and 3 of clinical trials and registration
between biopharmaceuticals and NCEs. For example, the durations of nonro-
dent repeat dosing studies are six and nine months for biopharmaceuticals and
NCEs, respectively. [ICH S6 allows the use of only one species for subsequent
long-term studies if the toxicity profiles of a biopharmaceutical in two species
are comparable in a short-term study. Moreover only one animal species may
be used for a carcinogenicity study for a biopharmaceutical when the study is
required. These different approaches described in ICH S6 are useful for most
biopharmaceuticals. Therefore the preclinical programs after conducting the
first trial in humans should be optimized on a case-by-case basis rather than
determined by a common study package.

5.4 CONCLUSION

The safety assessment of biopharmaceuticals in preclinical studies has been
improved in Japan with the implementation of the ICH S6. The analysis of
data from a questionnaire survey conducted by JPMA suggests that the ICH
S6 was well understood and adequately implemented in Japan. The Japanese
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Points-to-Consider document helps industry scientists and regulatory review-
ers understand the ICH S6 guideline. In particular, it is helpful for the clarifica-
tion of case-by-case approaches to preclinical programs depending on the
biopharmaceutical type. However, further updates of the Japanese Points-to-
Consider document may be needed as newer types of biopharmaceuticals,
technologies, and assays have developed.
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6.1 INTRODUCTION

Several years ago an ICH guidance (ICH S6 Preclinical Safety Evaluation of
Biotechnology-Derived Pharmaceuticals) was written to address the preclini-
cal development and safety issues of products derived from biotechnology.
ICH S6 defined biotechnology-derived pharmaceuticals as “products derived
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from characterized cells through the use of a variety of expression systems
including bacteria, yeast, insect, plant, and mammalian cells” [1]. The scope of
the guidance included proteins, peptides, derivatives of these or products of
which they are components. It also states that these principles may apply to
“recombinant DNA protein vaccines, chemically synthesized peptides, plasma
derived products, endogenous proteins extracted from human tissues, and oli-
gonucleotide drugs,” but does not cover “antibiotics, allergenic extracts,
heparin, vitamins, cellular blood components, conventional bacterial or viral
vaccines, DNA vaccines, or cellular and gene therapies.”

Regulatory agencies throughout the world define biopharmaceuticals dif-
ferently, and in part this has affected how they are regulated. In the United
States most, but not all, biopharmaceutical products have been developed in
accordance with ICH S6 since its publication in 1997. However, some product
classes specified in the guidance at that time fell under the FDA definition of
hormones and chemically synthesized products (e.g., oligonucleotides) and
were thus considered “drugs.” These “drugs” were reviewed by regulatory sci-
entists in the Center for Drug Evaluation and Research (CDER) and approved
as new drug applications (NDAs). Therapeutic proteins, including antibodies,
were regulated as “biologics” and were reviewed by regulatory scientists in
the Center for Biologics Evaluation and Research (CBER) and approved as
biologics license applications (BLAs). In 2003, the divisions of CBER respon-
sible for review of ICH S6-specified, biotechnology-derived pharmaceuticals
merged with CDER. This merger changed the FDA center responsible for
primary review of these products. The products, however, were, and continue
to be, approved as BLAs [2]. The “traditional biologicals” (i.e., vaccines and
blood products and the novel cellular, tissue, and gene therapy products includ-
ing tissue engineered products) remained in CBER (see Table 6.1). In June
2003 the CBER staff (pharm/tox experts and medical officers) in the Office
of Therapeutics were transferred to CDER, and resided in a new Office of
Drug Evaluation, ODE VI. More recently this office was eliminated, and the
various “biologics” reviewers were reassigned by therapeutic or disease area
to be consistent with how pharmaceutical products are reviewed. Thus the
review of biopharmaceuticals now takes place in the same review division as
traditional drug therapeutics for similar indications.

Even before final approval there was a rapid adoption of the principles
outlined by in the ICH S6 guideline both by industry and by the FDA. The
main tenet of the ICH S6 guidance is to create a case-by-case, science-driven
approach to biotechnology preclinical product development. That is to say,
each molecule should be evaluated for both its physical and pharmacological
properties. Therefore a product’s pharmacological attributes needs to be
understood in addition to its clinical use before embarking on a preclinical
safety assessment development plan. The overarching goal of a preclinical
development plan is to provide information for designing and conducting
clinical trials (“the principles”). A case-by-case rational, science-based
approach (“the practice”) was defined, and has proved to be, the most appro-
priate way to develop biotechnology-derived products [3]. The approach
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TABLE 6.1 Regulation of biotechnology products

Products formally regulated by CBER, now by CDER

Proteins and modified proteins
+ Cytokines

» Growth factors

+ Ligands and receptors

+ Antibodies

Products regulated by CDER

+ Hormones
+ Chemically synthesized peptides
+ Oligonucleotides

Products still regulated by CBER

* Gene therapies

+ Cellular therapies

+ Engineered tissue products
+ Vaccines

* Blood and blood products
+ Antitoxins

defined in S6 is appropriate for any pharmaceutical, regardless of its chemical
or biological nature, that demonstrates species specificity, has an extended
half-life, or requires a novel route of delivery.

6.2 HISTORICAL PERSPECTIVE

Over the past two decades many biotechnology-derived products have been
approved in the United States. A selected list of these products is provided in
Table 6.2. The products include recombinant endogenous-replacement pro-
teins, cytokines, monoclonal antibodies, and fusion molecules. Other chapters
in this book give more detailed “product-class-specific” descriptions of the
preclinical development programs for many of these molecules.

In the early days of biotechnology product development, the focus was on
“quality”issues [4] or process-related impurities. The concerns at that time were
for carryover of other cellular proteins and DNA and for contamination with
endotoxins, chemicals, and viruses. Of course, these concerns still exist, but
methods for purification and assays for evaluation of clearance have alleviated
the need for the safety assessment scientist to focus on contaminants; instead
they are now asked to focus on the pharmacological activity of the molecules.
An ICH guidance (Q6B Specifications: Test Procedures and Acceptance Crite-
ria for Biotechnological/Biological Products) addresses the specific issues
related to the manufacturing process [6]. Other product-related issues such as
impurities do need to be considered by the safety assessment scientist, for
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TABLE 6.2 Examples of marketed biotechnology products

Year of Approval Approved Biologics Trade Name

1982 Insulin Humulin®

1985 Growth Hormone Protropin®

1986 Interferon-alpha Roferon®, Intron A®

1986 Muromonab CD3 Orthoclone OKT3®

1987 TPA (Alteplase) Activase®

1989 Epoetin-alfa Epogen®

1990 Interferon-gamma Actimmune®

1991 Filgrastim (G-CSF) Neupogen®
Sargramostim (GM-CSF) Leukine®

1992 Interleukin-2 Proleukin®
Antihemophilic factor Recombinate®rAHF

1993 Interferon-beta Betaseron®
Dornase Alfa Pulmozyme®

1994 Imiglucerase Cerezyme®
Abciximab ReoPro®

1997 Rituximab Rituxan®
Daclizumab Zenpax®
Oprelvekin Neumega®
Becaplermin gel Regranex®

1998 Traztuzumab Herceptin®
Infliximab Remicade®
Basiliximab Simulect®
Palivizumab Synagis®

2000 Tenecteplase TNKase®

2001 Pegfilgrastim Neulasta®
Darbepoetin Aranesp®
Alemtuzumab Campath®
Drotecogin alpha Xigris®

2002 Interferon beta 1-a Rebif®
Ibritumomab tiuxetan Zevalin®

2003 Alefacept Amevive®
Tositumomab Bexxar®
Efalizumab Raptiva®
Omalizumab Xolair®

2004 Bevacizumab Avastin®
Natalizumab Tysabi®
Palifermin Kepivance®
Technetium 99m Tc fanolesomab NeutroSpec®

2005 Abatacept Orencia®

Sources: www.fda.gov; and www.bio.org.

example, genetic variants, aggregate forms, chemical linkers, and differences in
glycosylation patterns.

In 1997 the FDA issued an addendum to the original Points-to-Consider
Document for Developing Monoclonal Antibodies. This document addressed
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issues covering all aspects of drug development for these molecules. Items
specific to safety assessment included the requirement for tissue cross-
reactivity studies. These studies allow for evaluation of binding in tissues from
different species with the idea that this could help justify species selection.
Over the years other more specific methods have generally been used to select
appropriate species for safety assessment studies. Binding is no longer consid-
ered sufficient to justify the selection of a species. Other proof of biological
activity is generally desired as well. The next section reviews specific sections
of the ICH S6 document and discuss how this guidance has been implemented
in the United States.

6.3 ICH S6 GUIDANCE

6.3.1 General Principles

The General Principles section acknowledges that “conventional approaches
to toxicity testing of pharmaceuticals may not be appropriate for biopharma-
ceuticals.” This has led to the proposal for case-by-case, science-driven drug
development. Some of the unique challenges that the biopharmaceutical mol-
ecules face include species specificity,immunogenicity, unique routes of admin-
istration, and intermittent dosing schedules. The addition of pharmacological
parameters to standard GLP toxicology studies, or the addition of toxicology
parameters to pharmacology studies, allows for the judicious use of animals.
The challenge of conducting some of these assays under GLPs was recognized
in this guidance and by the FDA. Over the years more and more of these spe-
cialty assays (e.g., immunotoxicity assessment in primates using flow cytome-
try) have been validated and are being conducted in compliance with GLPs.

6.3.2 Animal Species Selection

One of the greatest challenges in the preclinical development of biotechnol-
ogy-derived molecules is that of species specificity. Unlike traditional “small
molecules,” such a molecule cannot be assumed to be active in the standard
species used for toxicity testing. The lack of pharmacological activity in a
species can then lead to “no effects” in that species. With a few exceptions,
where there were potential effects of contaminants, these studies had little
purpose and a questionable use of animals. Justification for using only one
species can be based on the lack of a second species with biological activity
or when the biological activity of the molecule or target toxicity can be ade-
quately defined in just one species.

An example where the original species was not relevant is that of the early
work performed on the interferons. The studies were performed in nonrelevant
species and generated misleading information [7]. Several studies were con-
ducted in rodents with recombinant human interferons with little evidence of
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toxicity. This did not predict what was to occur in humans. Activity in monkey
studies was more predictive, but there was the additional challenge of relative
differences in the activity level between humans and nonhuman primates.

The Animal Species Selection section of the ICH document also refers to
the use of homologous proteins and transgenic animals that express the human
receptor. One example of a development program that relied on surrogates
for safety assessment is that of infliximab [8]. Many of the challenges of these
models are acknowledged in this section. Animal models of disease are also
discussed and can be used with strong scientific rationale.

6.3.3 Administration/Dose Selection

Unlike most traditional pharmaceutical small molecules, biologics are not
given once or twice a day, orally, in a pill or capsule. They are almost all dosed
via a parenteral route and are not given (or “taken”) daily. Some of these
therapeutics are given in hospital settings or in clinicians’ offices. Several are
now self-administered on an approximately weekly basis. The dose regimen
for the safety assessment studies should reflect the dosing regimen plan for
the human studies. The dosing interval in the toxicology studies may be dif-
ferent depending on the half-life of the molecule in animals versus humans.
Also the development of antibodies in the animals may alter the pharmaco-
kinetics, and modifying the dosing interval has been shown to reduce the
incidence of antibodies.

Dose selection can be a challenge with biopharmaceuticals. Often the dose-
limiting toxicity is related to the pharmacology (often referred to as exagger-
ated pharmacology), and it can be difficult to establish a margin of safety. The
slope of the dose-response curve between the intended level of effect and an
effect that leads to toxicity (even if it is the same effect, e.g., an increase in
hematocrit with erythropoietin-like molecules) may be very steep. The ability
to produce formulations of proteins that allow for “high” doses can be difficult,
especially if the protein formulation is viscous. Doses can be limited by prac-
ticality as well (dosing volume limits, maximal stable concentrations, etc.).
There is always the desire to study a dose without effect, but this can be an
additional challenge for molecules that are active at doses in the pg/kg level.

Other factors that need to be considered in dose selection are related to
pharmacokinetics and drug metabolism. One area generally not deemed rele-
vant for biologics is metabolism studies. Mass balance studies have not proved
useful when performed with proteins. Radiolabeled studies have limited use-
fulness as these labeled molecules undergo rapid metabolism and the label is
often unstable. Protein biologics undergo proteolytic degradation into smaller
peptides and then into individual amino acids. Distribution is viewed more
from the perspective of target distribution, except for gene and cell therapies
and viral or bacterial vectors.

Recovery periods are very important considerations for studies with bio-
pharmaceuticals. For many biopharmaceuticals, the pharmacodynamic effects
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are prolonged either pharmacologically, through secondary “cascading” effects
through various pathways, and/or as a consequence of a long half-life. It is
important to have a recovery/washout period of the test agent in order to
properly test for antibody levels. The longer recovery can greatly increase the
ability of the assays to detect antibodies to the drug. Active test article levels
in blood samples can interfere with the ability to measure true antibody
levels.

6.3.4 Immunogenicity

It is generally well accepted that immunogenicity is not well predicted across
species. It has also been well documented that many biological compounds
intended for human use are immunogenic in animals [9]. [CH S6 states: “Most
biotechnology-derived pharmaceuticals intended for humans are immuno-
genic in animals.” Traditional antigenicity studies or guinea pig anaphylaxis
studies are not useful for predicting immunogenicity in humans and are now
generally recognized as not being appropriate studies for biologics. When
these studies were conducted years ago, at the request of some regulators, they
were generally positive and led to adverse effects in animals. Since there is
little to no predictive value in these studies, and they were not considered
appropriate, such studies have not been conducted since publication of ICH
S6.

All preclinical (and clinical) studies with biopharmaceuticals should include
measurements of total incidence of antibodies and a further characterization
as to whether these antibodies are neutralizing. Assays to determine antibod-
ies have become more sophisticated over the years, and the newest technolo-
gies allow detection at lower levels than was achievable with traditional
ELISAs. Clinically relevant antibodies include those that are clearing, sustain-
ing, neutralizing, and/or cross-react with endogenous proteins [10]. It is impor-
tant to screen for the presence and development of antibodies to the test
article throughout development. Since the consequence of these antibodies
may range from no clinically significant effects to serious safety effects, assays
need to be developed to determine if antibodies that appear are able to block
the biological activity of the test compound. This may occur either by direct
binding to an epitope with activity or by binding to a site in close proximity,
resulting in steric hindrance to the active site.

Immunogenicity is a substantial complication for preclinical safety assess-
ment studies. Antibodies can invalidate the animal model species. Antibody
production alone, however, should not necessarily prohibit the conduct of
these studies. The effect on pharmacokinetics and pharmcodynamics needs to
be measured and evaluated. The potential consequences of the antibodies on
endogenous molecules also needs to be evaluated. Secondary effects, such as
antibody deposition, should be measured. The lack of ability to predict abso-
lute human immunogenicity does not preclude the use of animals to assess the
relative potential for an immune response.
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6.4 ICH S6 SPECIFIC CONSIDERATIONS

6.4.1 Safety Pharmacology/Single-Dose Studies

Safety pharmacology parameters (e.g., cardiovascular) can be incorporated
into standard toxicology studies, including single-dose studies if that is most
appropriate. Molecules that cross-react in traditional species (rodents and
dogs) allow for more flexibility in designing these studies. Molecules that only
have activity in nonhuman primates can be more challenging. Knowledge of
the intended molecular target and its presence on these target organs can aid
in the decision as to whether specific studies will need to be conducted. Pri-
mates can be telemeterized for cardiovascular assessments. In recent years
many CNS parameters have been validated in primates as well. In vitro assess-
ments are generally not relevant for biologics for many of the same technical
reasons well recognized with in vitro genotoxicity assays.

6.4.2 Exposure

Toxicokinetics must be assessed in preclinical toxicology studies, as with tra-
ditional pharmaceuticals. These data are necessary to prove exposure (which
may differ with route) and to monitor the potential effects of antibodies on
the exposure levels over time. Perhaps the greatest difference between small-
molecule pharmaceuticals and large-molecule biopharmaceuticals is the
potential for immunogenicity, which can greatly affect pharmacokinetics as
previously discussed.

6.4.3 Repeat-Dose Studies

The ICH S6 document states: “This duration of animal dosing has generally
been 1-3 months for most biotechnology derived pharmaceuticals.” And then:
“for chronic indications, studies of 6 months duration have generally been
appropriate, although in some cases shorter or long durations have supported
marketing authorizations.” Most important, it states: “the duration of long-
term toxicity studies should be scientifically justified.” The six-month paradigm
was based on the idea that all or most toxicity would be elicited during this
time frame for molecules that are highly targeted and for which their toxicity
is mainly based on exaggerated pharmacology. Although it may not always be
as straightforward as this, six months has proved to be sufficient for the eluci-
dation of chronic toxicity for almost all biologics that have been developed.
Requests for longer term toxicity studies (9 or 12 months) have rarely added
useful information to the safety assessment of these molecules [11]. This does
not mean that six months should be a default without rigorous scientific evalu-
ation. If there are indications of unexpected toxicities, or other scientific
reasons to expect delayed effects, then longer term studies should be consid-
ered. Without these concerns six months should continue to be sufficient. If
there are indications of carcinogenic potential, then those questions should be
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dealt with via more specific studies. The issues of species specificity or the use
of homologous proteins makes these questions more complicated and are
another reason to consider the need to conduct longer term studies carefully.
Longer term dosing may also increase the possibility of immunogenicity.

6.4.4 Immunotoxicity Studies

Since many biotechnology products are designed to modulate the immune
system, basic immunotoxicity parameters have traditionally been evaluated as
part of standard toxicity studies. Over time more and more immunotoxicity
specific parameters have been validated in toxicology species, including pri-
mates. These parameters (humoral and cell-mediated) should be measured as
appropriate. Other specific issues for biopharmaceuticals include immuno-
genicity, as previously discussed.

6.4.5 Reproductive/Developmental Studies

When a biopharmaceutical product cross-reacts with traditional reproductive
toxicology species, these studies should be conducted as appropriate for the
intended clinical population. When conducting these studies in rodents and
rabbits, care should be taken to select the dosing regimen and to consider the
impact of immunogenicity. The timing of dosing in these studies might need
to be more frequent to ensure that there is adequate exposure during the
pivotal stages of gestation. The exposure period for the segment 2 studies in
rodents and rabbits is usually short enough to avoid a strong immunogenic
response, but samples should be taken to measure test article levels and anti-
bodies in the dose-range-finding studies.

When a molecule does not cross-react with rodents or rabbits, then a deci-
sion must be made as to whether to conduct these studies in primates or to
make a rodent surrogate. There are several factors that need to be considered.
For example, human IgGs are known to cross the placental barrier, and their
response to teratogens has been shown to be similar to humans. Compared to
rodents, nonhuman primates have a small number of offspring (usually just
one offspring per mother), they are very expensive, and their gestation period
is 150 days. In addition nonhuman primates have a low conception rate and a
high spontaneous abortion rate, and the historical database for primate repro-
ductive studies is not that large. The FDA has been more accepting of primate
studies than agencies in other geographic regions. (See Chapters 17 and 18 for
discussions of reproductive toxicity studies for biopharmaceuticals.) The con-
siderations above must also be balanced against the challenges of developing
and validating a surrogate to use in rodents or rabbits.

6.4.6 Genotoxicity Studies

It is generally accepted now that genotoxicity studies are not applicable for
biopharmaceuticals, unless there is a “chemical” linker or toxic conjugate to
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the molecule. This is also clearly stated in the FDA Points-to-Consider Docu-
ment for Monoclonal Antibodies [5].

6.4.7 Carcinogenicity

Carcinogenicity studies are generally considered inappropriate for biophar-
maceuticals. Both the ICH S6 document and the ICH S1A (The Need for
Long-term Rodent Carcinogenicity Studies of Pharmaceuticals) support this
position [12]. ICH S6 states that need for evaluation of carcinogenic potential
of these molecules depends on “duration of clinical dosing, patient population,
and/or biological activity.” Most of the early biotechnology molecules devel-
oped were for severe clinical indications and/or addressed unmet medical
needs.

Currently (December 2007) there are no published traditional carcino-
genicity studies for ICH S6 specified biotechnology-derived pharmaceuticals.
Conducting a traditional two-year bioassay with these molecules is extremely
challenging due to species specificity, immunogenicity, and the challenges of
using homologous molecules. When there are reasons to be concerned about
related issues such as potentially enhancing the growth of existing tumors
through the intended pharmacological activity, then more specific studies have
been considered. These studies have included (among others) assessments of
the presence or absence of the drug’s receptor on relevant tumor cells, effects
of the drug on in vitro tumor cell growth rate, and effects of the drug on the
growth rate of tumor cell xenografts in mice. Measurements of cell prolifera-
tion have also been added in some cases to repeat-dose animal studies as per
ICH S6 when there is cause for concern.

6.4.8 Local Tolerance

Local tolerance assessments are usually incorporated into repeat-dose toxicity
studies. Specific assessments include clinical observations (e.g., Draize scoring)
and macroscopic and microscopic evaluations of the injection site. These types
of studies may also be used to test formulation changes during the course of
clinical development.

6.5 SUMMARY

The safety evaluation of biotechnology products has been an evolving process
over the past two decades. ICH S6 did much to help give guidance to preclini-
cal scientists (both in industry and government) on how to approach these
development plans. In the future the basic questions for these products will
remain the same, but the challenges will be greater. Global strategies for
development of biopharmaceuticals should be more science driven and
problem focused. If we (industry scientists) want the reviewers (regulatory
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scientists) at the FDA (and at all agencies worldwide) to stick to the scientific
principles addressed in ICH S6, then the safety assessment industry scientist
must be able to use science (e.g., target liability) to justify development plans
as well. Defaulting to ICH S6 without scientific justification is as imprudent as
conducting traditional small-molecule pharmaceutical studies on biopharma-
ceuticals inappropriately.

With the changes in the global regulatory environment there are likely to
be additional challenges. The overarching goal should still be to evaluate pre-
clinically the potential effects of these molecules and to provide guidance to
the clinicians. Safety assessments approaches should have a strong scientific
rationale and use the appropriate animal species judiciously.
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7.1 INTRODUCTION

Successful and efficient development of a new pharmaceutical requires the
planning of an integrated development program that coordinates the trilogy
of product manufacture—chemistry, manufacturing, and controls (CMC),
preclinical studies (distribution, metabolism, and pharmacokinetic [DMPK],
pharmacology and toxicology), and clinical trials—within the framework of
the regulatory development strategy. Preclinical (often referred to as nonclini-
cal) safety studies must support each successive phase of clinical development,
as well as any significant changes to the method(s) of manufacturing, formulat-
ing, or administering the pharmaceutical. A desirable goal for the preclinical
portion of the integrated development program should be to enable each
phase of clinical development and each significant change in CMC methodol-
ogy without ever becoming rate-limiting to the pharmaceutical development
time line. At face value, this would seem to be a relatively simple task if one
adheres to available guidance documents: International Conference on Har-
monization (ICH) M3 [1] outlines the necessary types of studies and their
timing relative to phase 1,2, or 3 clinical trials, additional ICH guidelines (STA
through S8) [2-13] discuss selected types of safety studies in detail, ICH S6
[14] discusses special considerations for biopharmaceuticals (biotechnology-
derived pharmaceuticals), and ICH QS5E [15] addresses comparability testing
for biopharmaceuticals. However, the preclinical program must also evaluate
potential changes in pharmacology, DMPK, immunogenicity, and/or safety
properties as evolutionary changes are made to the process or scale of manu-
facture, the formulation, and the route or method of administration of the
pharmaceutical.

This chapter had its origins in a discussion that occurred during a June 2004
meeting between Food and Drug Administration (FDA) pharmacology and
toxicology reviewers and BioSafe, a committee of experts experienced in pre-
clinical development of biotechnology-derived products organized under the
auspices of the Biotechnology Industry Organization (BIO). The intent of that
meeting was to review and discuss some of the inherent differences among pre-
clinical development programs for biologics and drugs, particularly the com-
plexities of reproductive toxicology testing of biologics. It was agreed that,
consistent with ICH S6, preclinical programs for biopharmaceuticals should be
designed on a case-by-case basis to address relevant safety issues,and that novel
approaches might be necessary to accomplish this. For example, the preclinical
program might require the use of nontraditional study designs, species, or end-
points or even the invention and use of a homologous (surrogate) test article. In
these discussions it was difficult to reach agreement on what constitutes a rele-
vant preclinical program, as the relevance of each preclinical program might
depend on both the results of the component studies and their acceptance by
the assigned FDA reviewers. Thus a conundrum was recognized: How does one
design a program that might of necessity be unlike any other yet be reasonably
likely to provide relevant and acceptable answers regarding safety?
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For members of the pharmaceutical industry engaged in the biologics devel-
opment this question raises practical concerns as well. While the resources and
time needed for a traditional drug development program are well known,
those for a nontraditional biologics development program are less well known,
but might reasonably be expected to be greater. In addition, while the accept-
ability of a traditional drug development program is well established, the
acceptability of each nontraditional biologics development program must be
established. The degree of acceptability will be dependent on the degree of
relevance, which can only be “known” retrospectively, or after completion of
the program. Attempts to gain the a priori approval from FDA reviewers for
nontraditional preclinical development programs are not always successful.
Therefore nontraditional preclinical development programs may be run at risk
of not attaining the necessary relevance and acceptability. For members of a
pharmaceutical company’s management this dilemma signals greater risk and
a lower probability of success, and thus creates pressures to “de-risk” the
preclinical development program for biologics.

From a purely pragmatic point of view, most pharmaceutical companies are
interested in trying to determine the costs, resources, and time required to
complete various different possible development programs for a product. For
drugs or biologics, if multiple development pathways are possible and scientifi-
cally sound, it may be appropriate to pursue the path that is least costly or most
rapid. For most drugs, the development path is relatively straightforward and
well-trodden. For most biologics, finding an appropriate development path is
often an exercise in trailblazing. The uncertainty of this process, as well as the
inherent difference in some of the issues to be addressed for biologics, has the
potential to result in more risky, costly, and time-consuming development
programs.

To attempt to investigate some of the issues described above, I volunteered
to try to assemble a comparative evaluation of the studies, timing, materials,and
costs associated with preclinical development of a drug instead of a biologic. I
based the comparison on experiences I have had with the preclinical programs
for both a drug and a biologic (a monoclonal antibody) being developed for very
closely related therapeutic targets in the same clinical indications. The resulting
comparison was first presented at a February 2005 BioSafe/FDA reviewer
workshop' and subsequently at the June 2005 BIO convention.?

7.2 OBJECTIVE AND METHODS

The objective of this chapter is to compare to the studies, materials, and costs
associated with hypothetical preclinical development programs intended to

'Preclinical development of biologics and biotech derived pharmaceuticals: Principles and prac-
tices. University of Maryland Conference Center, Rockville, February 1, 2005.

’Key considerations in designing preclinical safety evaluation programs for biopharmaceuticals.
Program designs and material needs: Investing for success. BIO 2005, Philadelphia, June 20, 2005.
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support the clinical development of a small molecule (drug) and a large mol-
ecule (biologic).

To accomplish this objective, a detailed clinical development program was
designed, from investigational new drug application (IND) through new drug
or biologic licensing application (NDA or BLA). The respective preclinical
development programs to support each filing were planned for a drug and
biologic. Individual GLP- and ICH-compliant studies for both preclinical pro-
grams were then designed and submitted to different preclinical contract
research organizations (CROs) for price estimates, to allow determination of
the average price for each study. Although this comparison was conducted in
2004 and the study prices are likely no longer accurate, the relative prices of
these study should remain comparable over time (see Chapter 37 updated
listing of cost estimate for preclinical study designs). For an estimation of the
amount of each test article needed for each study, the study designs included
the doses to be evaluated, based on information available on each product at
that time, and on common industry practices for setting doses.

7.3 DISTINGUISHING BIOLOGICS FROM DRUGS

For the purposes of this discussion, drugs are chemically synthesized pharma-
ceuticals, often described as “small molecules” or “new chemical entities”;
biologics are “large molecules” or “biopharmaceuticals.”

7.3.1 Properties of Drugs and Biologics

In addition to great differences in biophysical characteristics, the properties
of biologics are vastly different than those of drugs. Key differences in the
properties of drugs and biologics are summarized in Chapter 3. It should be
noted that some drugs have properties of biologics, and vice versa.

7.3.2 Influence of Drug and Biologic Properties on Development
Program Design

The inherent differences in the properties of drugs and biologics strongly
influence the design of their respective development programs. Some key
considerations for the design of preclinical development programs for drugs
and biologics are summarized in Table 7.1. Detailed discussion of each of these
considerations is beyond the scope of this chapter. However, the magnitude
of these differences can be illustrated by discussing one of the key consider-
ations: selection of relevant specie(s) for preclinical testing.

Asspecified in ICH M3, general toxicology testing (e.g.,single- and repeated-
dose studies) should be conducted in two species: a rodent and a nonrodent.
For drugs, the “default” choices are rats and dogs. The selection of these species
(or occasionally other species) as the relevant species for preclinical studies is
generally justified on the basis of comparative in vitro metabolism testing and
demonstration of the extent to which the species-specific metabolism of the
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parent compound and the resulting metabolite profile is similar to that for
humans. The intent is to identify any active metabolite(s) that might contribute
to pharmacologic responses and to study in animals any inactive metabolite(s)
that might contribute to toxicologic effects in humans. Pharmacologic activity
in the chosen species, though desirable and often present, is not essential for
toxicology testing. Because the focus of traditional toxicology testing is to
discover and characterize unexpected and/or “off-target” toxicity, this approach
to selection of relevant species is considered scientifically sound, even if the
drug is not the pharmacologic activity in the chosen species. Thus the selection
of relevant species for toxicity testing of drugs is generally based on metabo-
lism and not on the pharmacologic mechanism of action.

In contrast, as specified in ICH S6, the primary consideration for the selec-
tion of a relevant species for toxicity testing of biologics is pharmacologic
activity. This is because biologics are generally catabolized (degraded) rather
than metabolized (chemically altered), and therefore generation of active
metabolites with pharmacologic effects or inactive metabolites with toxico-
logic effects is uncommon. Thus off-target (nonpharmacologically mediated)
toxicity is unlikely for biologics. This fundamental difference in the disposition
of drugs and biologics means that the observed toxicity of biologics often
represents “superpharmacology.” It also means that an animal species in which
there is no pharmacologic activity is generally not relevant for studying the
safety of biologics. In recognition of this point, ICH S6 made allowances for
use of only a single, relevant species in toxicity testing when such a decision
could be scientifically justified.

7.3.3 Applicable Regulatory Guidelines for Drugs and Biologics

The ICH guidances pertaining to preclinical development [1-13] are generally
applicable to both drugs and biologics, except as noted, with additional guid-
ances specific to biotechnology-derived products [14, 15]. Careful reading and
interpretation of all guidances is necessary to facilitate planning of the pre-
clinical programs.

In addition to the ICH guidances discussed above, additional specific
guidances related to pharmacology/toxicology evaluations to support clinical
development should be considered based upon product class and/or indication
(specific considerations for medical imaging agents, therapeutic radiopharma-
ceuticals, and pediatric drug products, as wells as for photo-safety testing,
safety testing of drug metabolites, etc.).

7.4 COMPARATIVE PRECLINICAL DEVELOPMENT PROGRAMS FOR
A HYPOTHETICAL DRUG AND BIOLOGIC

For this hypothetical comparison of the preclinical development programs for
a drug and a biologic it was necessary to make some general assumptions about
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the preclinical development programs, to define the therapeutic target, mecha-
nismofaction andclinicalindication,to define the clinical development program,
and then to make some specific assumptions for the drug and biologic.

7.4.1 General Assumptions

The general assumptions about the preclinical development programs were as
follows:

« The comparison would begin at the point of nomination of the compound
for clinical development; that is, the first series of studies would be
IND-enabling.

- The respective preclinical development programs would represent typical,
but idealized programs, with the focus being on safety only (e.g., no con-
sideration of pharmacology or DMPK studies).

« All studies would be outsourced to contract research organizations
(CROs) for study conduct, including any bioanalytical or other assays.

« All studies would comply with GLP regulations, as well as other appropri-
ate guidelines (ICH M3, S6, etc.).

+ All animals would be observed until test article had cleared (estimated

to be five half-lives).

All regulatory filings would be on final study reports.

- The manufacture of the respective test articles used in the studies would
be outsourced to contract manufacturing organizations (CMOs) and
sequential use of research-grade/non-GMP and GMP material would be
allowed, if appropriate.

« The clinical development plan to be supported would be idealized, with
minimal delays between phases and without substantive changes to the
test article (e.g., no changes to manufacturing process or formulation) or
the route of administration.

« No “run-at-risk” strategies would be allowed, such as concurrently vali-
dating the PK assay while collecting the samples to be assayed.

These assumptions were made to try to keep the number of variables to a
minimum to allow this comparison, although hypothetical, to be as realistic as
possible. Last, the key metrics to be compared would include the numbers and
types of studies and their durations and costs, the quantity of material (test
article) needed, the time required for manufacture and its costs, and the timing
of the studies relative to clinical development.

7.4.2 Therapeutic Target, Mechanism of Action,
and Clinical Indication

Designing an appropriate preclinical development program requires a com-
plete understanding of the therapeutic target, mechanism of action, clinical
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indication, and disease biology. This information is essential in choosing the
relevant specie(s) and endpoints to be assessed. In addition it is necessary to
have an understanding of the intended clinical route of administration, pro-
jected therapeutic concentration, projected therapeutic dose, projected dosing
regimen, and the intended duration of dosing and exposure. These attributes
are often summarized in the target product profile (TPP) that is generated by
a project team during the development candidate nomination process. Detailed
discussion of the methods for establishing this information is beyond the scope
of this discussion.

For this hypothetical comparison, however, most of this information
was known. The therapeutic targets were G protein-coupled receptors that
were expressed on the cell surface of T cells, monocytes, and tissue macro-
phages. Through ligand-binding interactions these receptors were implicated
in leukocyte trafficking, particularly to sites of active inflammation in autoim-
mune disease settings such as might be present in rheumatoid arthritis or
multiple sclerosis. The intended mechanism of action was blockade of the
receptor and thus prevention of ligand binding and subsequent leukocyte traf-
ficking. The intended pharmacologic effect was downregulation of inflamma-
tion, or immune modulation. Data from animal models of disease induced
in homozygous receptor knockout mice supported the targets, clinical
indications, mechanism of action, and immunomodulatory effects of target
knockout.

7.4.3 Clinical Development Plan to Be Supported

The proposed clinical development plan is summarized in Table 7.2 and
illustrated in Figure 7.1. Based on the therapeutic target(s) and mechanism(s)

TABLE 7.2 Proposed clinical development program

Phase la 1b 2a 2b 3
Subjects NHV NHV Patients Patients Patients
Women No No Post-menopausal WCBP, WCBP
enrolled? DBP
Regimen SAD MAD MAD MD MD
Duration of Once 2 weeks 1 month 3 months  >6 months
dosing
Phase 6 months 8 months 18 months 2 years 3 years
duration
(enrollment
to report)

Note: DBP = double-barrier protection, MAD = multiple (repeated) ascending dose, WCBP =
women of child-bearing potential, MD = multiple (repeated) dose, NHV = normal human volun-
teers, SAD = single ascending dose.
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of action, the clinical indication to be supported is chronic administration in a
non-life-threatening autoimmune and/or inflammatory disease. The plan calls
for sequential conduct of phase 1a, 1b, 2a, 2b, and 3 clinical trials that enroll
normal human volunteers (NVH) in phase 1 and patients in phases 2 and 3.

Dosing progresses from single ascending doses (SAD), to multiple ascend-
ing doses (MAD), to multiple doses (MD), as the duration of dosing increases
from a single administration to dosing over 2-week, 1-month, 3-month, and
>6-month periods. The duration of each clinical trial (from first patient in to
clinical report) increases successively from 6 months to 3 years, with the dura-
tion of the entire clinical program, from IND through BLA filing, being 8 years.
Milestones are incorporated to allow end of phase 1 (EoP1), end of phase 2
(EoP2), and the Carcinogenicity Assessment Committee (CAC) meetings. This
clinical development program is idealized, as minimal time is allowed for the
transition from completion of one phase to initiation of the next phase. As
such, this clinical plan will put considerable pressure on the preclinical program
to deliver the required support in advance of the need for it.

7.4.4 Specific Assumptions

The specific assumptions about the drug were as follows:

» The doses to be tested in humans in various studies would be 1, 3, 10, 30,
and 100 mg/kg, administered orally once daily. The top viable dose would
be 100 mg/kg.

+ The relevant species were monkeys (in which the drug was pharmacologi-
cally active and metabolism was comparable to humans), rabbits, and
rats (in which there was no pharmacologic activity but comparable
metabolism).

- The route of administration would be oral, with daily dosing at doses of
3,10, 30, 100, 300, and 1000 mg/kg utilized in various studies.

+ The no observable adverse effect (dose) level (NOAEL) would be
100 mg/kg, with a maximum tolerated dose (MTD) of 1000 mg/kg.

- The cost of manufacturing test article for preclinical use would range from
$10,000 to $70,000 per kilogram, with a cost of $25,000 per kilogram at
the commercial scale.

The specific assumptions for the biologic, a monoclonal antibody (mAb), were
as follows:

» The doses to be tested in humans in various studies would be 0.1, 0.3, 1,
3, and 10mg/kg, administered intravenously once monthly. The top viable
dose would be 10mg/kg.

- The relevant species was the monkey, in which the biologic was pharma-
cologically active, with comparable affinity and activity to human test
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systems in vitro. The mAb was not active in any other species, including
mice, rats, guinea pigs, rabbits, dogs, and pigs.

+ The route of administration would be intravenous, with weekly dosing at
doses of 10, 30, and 100mg/kg utilized in various studies.

« The NOAEL would be 100mg/kg, without an MTD being established.

- The mAb would be immunogenic in monkeys, with approximately 50%
of the animals developing anti-mAb antibodies, and approximately 25%
of the animals developing neutralizing and/or clearing antibodies.

« The cost of manufacturing test article for preclinical use would range from
$3000 to $30,000 per gram, with a cost of $1000 per gram at the commer-
cial scale.

Obviously some of these specific assumptions could be questioned, and the
associated costs might be very different for different products or within dif-
ferent companies. At the time, however, these were reasonable assumptions
for the two products being compared, and these specific assumptions allowed
calculation of the amount, time, and cost associated with manufacture of the
test articles.

7.4.5 “Traditional” Preclinical Development Plans to Support Clinical
Development by Phase

The first comparison to be made evaluates “traditional” preclinical develop-
ment plans to support each phase of clinical development. While the term
“traditional” might be thought to apply only to drugs, it is also true that certain
preclinical programs for biologics have been established as well as accepted,
and therefore could be regarded as traditional. This initial comparison assumes
direct, uninterrupted progression of the product along a relatively simple
development pathway. For the biologic this means that a relevant species has
been identified and there are no planned changes to the cell line, manufactur-
ing process, formulation, or route of administration during development. The
need for “nontraditional” or “alternative” development pathways to address
these issues will be discussed later.

Essential Components Required for Starting Preclinical Develop-
ment Prior to the design and initiation of a preclinical development program,
there are a number of essential components that should be in place, as outlined
in Table 7.3. These components include important information on the manu-
facture and characterization of the product, as well as the reagents and assays
necessary for evaluation of the PK and PD properties and, for biologics, the
immunogenicity and tissue cross-reactivity. In addition, most preclinical devel-
opment programs would not be started without identification of the relevant
species and some preliminary non—-GLP-compliant studies to establish some
general parameters, such as those associated with “discovery toxicology.”
These preliminary studies, generally conducted to facilitate nomination of a
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TABLE 7.3 Essential components required for starting preclinical development

Criteria

Drug

Biologic (mAb)

Product
information

Assays and
reagents

Preclinical
studies

Material selected

Production
process known
Initial material
characterization
Pilot scale
material
produced
in-house
Other criteria
Dose retain
analysis
PK
PD (receptor-
ligand binding
inhibition)
Immunogenicity
(PAHA)
Tissue cross-
reactivity
Relevant species
selected

Genetic toxicology
screened

Discovery
toxicology has

set doses

Other criteria

Compound and
salt form
Yes

Impurities,
solvents
<lkg

NA
HPLC

LC/MS/MS
FACS

NA
NA

Based on shared
in vitro
metabolite
profile with
humans. Rodent
and nonrodent
species
identified.

Mini-Ames

In vitro
micronucleus

Non-GLP 14-day
rodent, non-
GLP 14-day
nonrodent

Non-GLP receptor
screening

Initial cell line, growth
conditions
Yes

LPS, viral, host cell
proteins
<20g

Potency (activity) assay
ELISA

ELISA
FACS

ELISA
IHC

Based on shared
pharmacologic
activity. Identification
of rodent species is
generally difficult,
if not impossible.
Identification of
nonrodent specie(s) is
occasionally difficult.

NA

Non-GLP single-dose
PK/PD/toxicity in
relevant species

Non-GLP tissue
cross-reactivity

Note: ELISA = enzyme-linked immunosorbent assay, FACS = fluorescence-activated cell sorting,
HPLC = high-performance liquid chromatography, IHC = immunohistochemistry, LC/MS = liquid
chromatography/MS = mass spectrometry, LPS = lipopolysaccharide (endotoxin), NA = not
applicable, PAHA = (nonhuman) primate anti-human antibodies.
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candidate for development, are intended to ensure that preclinical develop-
ment has the appropriate preliminary information and/or tools to assess safety
and that there are few surprises during development.

Preclinical Support to Phase 1 The studies, time, materials, and costs
associated with preclinical support to phase 1 are summarized in Table 7.4 and
illustrated in Figure 7.2. For the drug, the studies necessary to support phase
1 would typically consist of in vitro and in vivo genetic toxicity studies, dedi-
cated safety pharmacology studies evaluating cardiovascular, central nervous
system (CNS) and respiratory function,” and general toxicology studies of
1-month (28-day) dosing duration (with a 2-week recovery period) in a rodent
and nonrodent species.* For this particular drug, a receptor antagonist, a study
would also be conducted to assess species cross-reactivity in vitro by screening
receptor binding on target cells from different species.’

Except for the general toxicology studies, phase 1-supporting studies are
independent in nature and can be conduct in parallel. The general toxicology
studies ideally would not be initiated until after the PK and PD assays are
validated, by which time there may be some useful toxicity information from
the safety pharmacology studies. This IND-enabling preclinical program for a
drug requires approximately 10 months and costs around $1.2M, including
the roughly $40K cost and 2 months required for manufacturing approxi-
mately 1.3kg of non—-GMP-compliant material. For a drug, most sponsors
would elect to use GMP-compliant material, with the attendant delay in the
ability to start.

For the mAD, the studies necessary to support phase 1 include tissue cross-
reactivity and general toxicology studies; in accordance with ICH S6, dedi-
cated safety pharmacology and genetic toxicology studies are not required.
The general toxicology studies can be conducted in a single, pharmacologically
relevant species and include both a single-dose® and 1-month repeated-dose
study, with longer recovery periods (one and three months, respectively)
to allow for the slower clearance of the mAb. Relative to those for a drug,
these studies can be much more complicated and expensive, as they would
routinely incorporate assay for immunogenicity (in addition to PK and PD)
and assessment of safety pharmacology (cardiovascular, respiratory and CNS)

*Prior to beginning development, many sponsors would also have conducted in vitro safety phar-
macology studies (e.g., hERG inhibition) to assess cardiovascular concerns, as well as single-dose
and 5- to 7-day repeated-dose non—-GLP-compliant studies to assess toxicity and help set doses
for the GLP-compliant studies (see Table 7.3).

*A 14-day dosing duration would also be acceptable to support phase 1 single-dose to 2-week
studies, although many sponsors are electing to conduct 28-day studies to support up to 1-month
trials.

Some sponsors would also screen related targets, if available, for recognition by the drug, which
might be associated with secondary pharmacologic activity.

A single-dose study is generally useful to fully characterize the clearance of a compound, such
as this mAb, with a long half-life.
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Figure 7.2 Preclinical support to phase 1.

parameters. This preclinical IND-enabling program for a mAb requires
approximately 17 months and costs $2.6M, including the $1.6M cost and 6
months required to manufacture approximately 35¢g of non-GMP-compliant
material. Thus, relative to the program for the drug, the program for the mAb
requires fewer studies and less material, but will take approximately 7 months
longer and require $1.4M more in total costs. Both the added cost and time
are primarily related to the manufacture of material, although the longer time
required for validation of the biological assays and clearance of the test article
in the recovery periods also contribute to this.

Both of these IND-enabling preclinical programs could reasonably be
expected to be acceptable to regulatory agencies, so there may be little need
to try to obtain a preliminary agreement as to their acceptability from regula-
tory reviewers. That is, it would not be essential to arrange a pre-IND meeting
(to present preliminary results) or even an earlier (pre-pre-IND) meeting (to
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discuss planned studies) to assess whether the appropriate studies were done
to support the phase 1 trial.

Preclinical Support to Phase 2 The studies, time, materials, and costs
associated with preclinical support to phase 2 are summarized in Table 7.5 and
illustrated in Figure 7.3. For the drug, the studies necessary to support phase
2 would consist of rodent and nonrodent 3-month repeated-dose general toxi-
cology studies and reproductive and developmental toxicology studies. The
latter would include embryo/fetal (segment 2) studies in pregnant female rats
and rabbits, and fertility (segment 1) studies in males and female rats. Range-
finding (pilot) studies to establish maternal toxicity prior to segment 2 studies
would be necessary as well. The use of rabbits and rats, in which pharmacologic
activity is absent, for developmental toxicology can be justified on the basis of
metabolic profiles comparable to humans in vitro. Such a decision is not
unusual for drugs, where toxicology unrelated to the mechanism of action is
a primary concern. A significant advantage to the use of rats and rabbits is the
short gestation periods and less expensive animal costs. This preclinical program
to support phase 2 for the drug takes approximately 9 months and costs $1.8 M,
including the nearly $125K cost and 2 months required for manufacturing
approximately Skg of GMP-compliant material.

For the mAb, the studies necessary to support phase 2 would consist of a
monkey 3-month repeated-dose general toxicology study (with a 2-month
recovery period), segment 2 studies in pregnant female monkeys and segment
1 studies in male and female monkeys.® Although the duration of dosing in
the latter studies is relatively short (1 to 3 months), these studies can be very
difficult and time-consuming to conduct as they typically last at least 12 months.
This time is required to identify females in estrus and to breed and enroll
pregnant female monkeys into the studies. This preclinical program to support
phase 2 for the mAb requires approximately 17 months and costs $4.3M,
including the $1.2M cost and 5 months required for manufacturing approxi-
mately 400g of GMP-compliant material. Thus, the program for the mAb is
approximately 8 months longer, and $2.5M more expensive than the program
for the drug, primarily due to the use of monkeys (with long gestation periods)
for reproductive and developmental toxicology.

As was the case for support for phase 1, these development programs to
support phase 2 follow ICH guidelines and are therefore not controversial.
They are unlikely to require advanced indication of their acceptability to regu-
latory agencies.

"This discussion understandably cannot address whether the results of the preclinical studies that
were conducted would support the proposed clinical trials (e.g., the proposed first-in-human dose).
For that reason, or for other reasons, a development project team might choose to request a pre-
IND meeting or an earlier meeting.

51t should be noted that there are very few CROs that offer reproductive toxicity testing in nonhu-
man primates. To date, most of the reproductive toxicology studies in monkeys have been segment
2 (teratology) studies. Segment 1 (fertility) studies would be difficult to conduct.
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Figure 7.3 Preclinical support to phase 2.

Preclinical Support to Phase 3 and Registration The studies, time, mate-
rials, and costs associated with preclinical support to phase 3 and registration
are summarized in Table 7.6 and illustrated in Figure 7.4.

For the drug, the studies necessary to support phase 3 include chronic toxi-
cology in rats and monkeys (6 and 12 months, respectively) and perinatal/post-
natal (segment 3) toxicology studies in pregnant female rats. These studies take
approximately 22.5 months and $1.6 M, including the 2.5 months and $125K
to manufacture Skg of material. To support registration of the drug, carcino-
genicity studies must be conducted in two rodent species. This example uses a
2-year bioassay in rats and a 6-month study in transgenic mice. The cost to
support registration is approximately 38 months and $2.9 M, including 2 months
to manufacture 3kg of material for $75K.

For the mAb, the studies necessary to support phase 3 include a 9-
month chronic toxicology study’ and a segment 3 reproductive toxicology

°Although ICH S6 indicates that chronic toxicology studies of 6 months duration may be sufficient,
many Sponsors have been recently requested to conduct nine-month studies.
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Figure 7.4 Preclinical support to phase 3 and registration.

study'® in monkeys. These studies take approximately 23 months and $4.1 M,
including 5 months and $1.8 M to manufacture approximately 500 g of material.
In accordance with ICH S6, carcinogenicity studies would not be conducted
for a biologic if no relevant and appropriate species can be identified. While
monkeys are a relevant species for this mAb, they are not an appropriate
species for carcinogenicity testing. Therefore, after chronic toxicity testing, no
additional studies are necessary to support registration. Once again, relative to
the drug, the cost of this preclinical support is greater for the mAb, primarily
due to the cost of its manufacture. However, the time needed is about 15
months shorter due to the lack of carcinogenicity testing for this biologic.

Again, these preclinical safety evaluation programs to support Phase 3 are
designed to follow ICH guidelines and are relatively likely to be acceptable
to regulatory agencies.

The Integrated Preclinical Development Plans The total time, materials
and costs associated with preclinical support for phase 1 through registration
are summarized in Table 7.7 and the integrated preclinical support to clinical
development is illustrated in Figure 7.5.

1Tt should be noted that conducting true segment 3 studies in monkeys are not feasible, as this
would require several years to follow the first filial (F1) generation to reproductive maturity.
However, some sponsors developing immunomodulatory biologics have been evaluating the
immune system function in F1 monkeys to address the most relevant portion of segment 3 concerns
for their product. To do this, some sponsors elect to combine immune function assessment of the
offspring from a segment 2 study when using monkeys for reproductive toxicology testing.
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TABLE 7.7 Total time, materials, and costs for preclinical support for phase 1
through registration

Drug

Biologic

Time
(Mo)

Material
(kg)

Cost
($M)

Cost
($M)

Material
(kg)

Time
(Mo)

Phase 1
Phase 2
Phase 3
Registration
Material
Studies
Total

10
9
22.5
38
8.5
73

105

1.293

4.940

5.100

3.025
15

1.186
1.700
1.600
2.900
0.4
7.0
7.4

0.035
0.390
0.520

2.560
4252
4.050
4.6
6.3
10.9

17
17
23
16
47
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Figure 7.5 Integrated preclinical support to clinical development.
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For the drug, the studies conducted require 73 months in total, at a cost of
around $7.0M. The amount of material required is 15kg, manufactured over
8.5 months at a cost of $0.4 M. Of the $7.4M total cost, manufacturing repre-
sents only 5.4%. In contrast, the studies for the mAb required only 47 months
and $6.3M. Only around 1kg of material is required for the mAb, with about
16 months required to manufacture it, at a cost of around $4.6 M. Manufactur-
ing represents 42% of the $10.9M total costs. Thus, relative to the drug, mate-
rial supply for preclinical development of the mAb takes twice as long and is
10 times as expensive, even though only 1/15th as much material is required.
The studies for the mAb can be completed in almost half the time, but cost
approximately the same. Overall, this comparison demonstrates that it is more
expensive to provide comparable preclinical support to clinical development
for the mAbD than the drug.

If both programs were started at the same time and progressed as sched-
uled, it would take 105 months (8 years, 9 months) until filing the NDA for
the drug and 112 months (9 years, 4 months) until filing the BLA for the mAb.
The additional 7 months required to bring the mAb to registration can be
traced directly to the additional 7 months required to enable phase 1, which
was related primarily to a longer time to manufacture and the longer recovery
period necessary to observe clearance of the mAb in the one-month repeated-
dose study. This illustration reveals an important difference between drugs and
biologics: the rate-limiting portion of preclinical development for a drug is the
time required to conduct the toxicology studies, while for a biologic it is the
time required to manufacture the material.

Critical Decisions to Be Made The preceding examples have demonstrated
that the time required for manufacturing the appropriate material for preclini-
cal testing is an important contributor to the overall time line for preclinical
development; more so for biologics. When planning these programs, there are
critical decisions to be made related to reserving the necessary manufacturing
capacity. Whether manufacturing is to be done internally or outsourced to a
contract manufacturing organization (CMO), the lead time necessary to secure
manufacturing time via contract is generally 3 to 6 months for a drug and 6 to
12 months for a biologic."

The differences in lead time are related to the inherent differences in the
complexity of manufacturing and to the relative number of CMOs or internal
capacity available for each type of product. It is generally easier, quicker, and
less expensive to manufacture drugs, and easier to identify and reserve avail-
able manufacturing capacity for drugs. Similar lead times for advanced reser-
vation of CRO capacity are often needed for certain types of preclinical

"For a drug, the lead time necessary for reserving manufacturing capacity remains 3 to 6 months
throughout development, while over time it declines from 6 to 12 months to 6 to 9 months for a
biologic.
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studies, such as those using monkeys or requiring complicated technical
procedures.

A careful review of Figure 7.5 reveals that, because of the 3- to 6-month or
6- to 9-month lead time required for a drug or biologic, respectively, these
critical decisions must generally be made prior to knowing whether the con-
tractual commitment is justified. They therefore involve an element of risk.
For example, a development project team must commit to manufacturing a
drug or biologic for preclinical support to phase 1 as much as 5 or 18 months,
respectively, ahead of the time when the material is actually needed for dosing.
In many companies this would mean that a commitment to manufacture
development material to facilitate preclinical support to phase 1 must be made
before the product is officially accepted into development. This requirement
for making critical decisions in advance of supportive results recurs in each
phase of clinical development.

Some sponsors elect to pursue a minimal risk development strategy, with
success of each phase of clinical development being demonstrated before
preclinical or manufacturing support for the next phase is initiated. Sometimes
such a strategy is dictated by financial constraints. This stage-gated approach
imposes significant delays to the clinical development time line and ensures
that the time until registration will be prolonged. The only way to prevent
delays in clinical development that might arise from the preclinical program
would be to manufacture the preclinical material and conduct the preclinical
studies at risk. That is, complete all preclinical support to the next phase prior
to knowing whether the current phase of clinical development will be success-
ful, thereby rewarding the risk taken.

It is important to recognize that the magnitude of the resources, time, and
money at stake for the manufacture of biologics is greater than for drugs, and
that the manufacturing capacity is more limited. Sponsors may elect to accept
certain risks to decrease the likelihood that there will be later delays. For
example, sufficient quantities of a drug could be manufactured to enable mul-
tiple phases of preclinical and clinical development with minimal financial risk
because manufacturing a drug is relatively inexpensive and quick. Further-
more, because of the inherent physicochemical properties of drugs, which lend
themselves to early definition of the manufacturing specifications, there is also
minimal risk that the material will not be representative of (“noncomparable”
to) the “final” material, which is used in phase 3 trials. Relatively simple bio-
equivalence (comparative PK/PD) studies can be conducted in animals or
humans to document this. This strategy is generally not viable for a biologic.

The most risk-filled phase of preclinical development, especially for a bio-
logic, is that associated with the support to phase 3, which should be completed
prior to the end of phase 2. Support to phase 3 is the most critical portion of
preclinical development, as these are the pivotal studies that, with the carci-
nogenicity studies run concurrently with phase 3, will support registration. It
is therefore essential that the material used to support phase 3 is representa-
tive of final product intended for use in humans.
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When possible, GMP-compliant material from the clinical trial lots might
be used, but waiting for this material may delay the start of the chronic toxi-
cology studies. A drug manufactured by the final process and/or representative
of the final process material is generally available for phase 3 support. A bio-
logic manufactured by the final process (final cell line, scale, process, etc.) is
seldom available when it is time to initiate the studies required for phase 3
support. Thus for a biologic, simple bioequivalence studies may be replaced
by more complicated comparability studies that assess PK/PD parameters and
immunogenicity at a minimum, and perhaps safety and efficacy if warranted
by observed differences (see Chapter 8). The point is that each project team
must consider many different critical decisions in designing the integrated
development plans. Each of these decisions will carry with it an element of
risk with regard to financial, scientific or regulatory aspects and to the develop-
ment time line.

7.4.6 “Alternative” or Novel Preclinical Development Plans
for Biologics

So far this exercise has focused on a “traditional” and uncomplicated develop-
ment program for a biologic. To facilitate this, some assumptions were made,
such as that a relevant species was identified and there were no planned
changes to the cell line, manufacturing process, formulation, or route of admin-
istration during development. These assumptions, however, are not typical for
most biologics. In reality the nature of many biologics is that they often require
“nontraditional” or “alternative” development pathways. This is the essence
of the “case-by-case” or science-driven program design espoused by ICH S6.

For example, it may be difficult to identify a relevant species, such as when
a mAb does not cross-react with any species other than humans or cross-
reactivity is limited to chimpanzees, a protected species that is difficult to access
and has significant limitations in their use. Or the biologic may recognize the
target in species other humans, but the target is expressed in different tissues
or on different cells or has different functions than in humans. In these cases
one may choose to develop a homologous (or surrogate) biologic for which a
pharmacologically relevant (generally rodent) species can be identified.

Biologics are also different than drugs in that the product characteristics
may differ as changes are made to the cell line or manufacturing process. These
changes could affect PK, PD, immunogenicity, efficacy, and/or safety and typi-
cally require comparability studies to assess the potential differences. Likewise
it is not uncommon for biologics to be tested initially in their simplest forms,
such as an aqueous solution administered intravenously (IV), to attempt to
get an indication of the viability of the product for the intended clinical indica-
tion. Later in development it might be prefered that the biologic be formulated
for delayed release after subcutaneous (SC) administration. These changes
could also affect the in vivo properties of the product and typically require
“bridging” studies to assess potential differences.
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Thus the second set of comparisons to be made evaluates “alternative”
preclinical development plans to support the lack of a relevant species and
planned changes to the cell line, manufacturing process, formulation, or route
of administration during development.

Supporting Development without a Relevant Species The simplest
definition of a relevant species might be “one that is biologically comparable
to humans and in which the test article has comparable pharmacologic
and toxicologic properties.” It is, however, sometimes much easier to describe
a relevant species than to identify one. For the GPCRs that were the targets
in this example, demonstrating biological comparability might involve
comparison of the amino acid sequences, cellular and tissue expression
in normal and disease states, and in vitro biological functions for humans
and several other species, with the intent being to identify the most compara-
ble species (see Chapters 9-13).

A robust preclinical safety program may devote as much or more effort to
demonstrating biological comparability of the chosen species as to evaluating
the toxicity of the product in that species. Prior to undertaking this effort, most
project teams would evaluate the extent to which the product recognized or
was active against the target in candidate species. Simple receptor binding
affinity or ligand binding inhibition studies are often used for this purpose (see
Chapter 9). If an acceptable level of cross-recognition or “cross-reactivity” is
present in the tested species, then additional efforts would be justified to deter-
mine the relative activity and potency of the product in that species in vitro, or
to evaluate pharmacologic activity of the product in vivo, such as in an animal
model of disease (see Chapter 13). Despite these efforts to demonstrate com-
parable biology and pharmacology as the key components for identification of
a relevant species for safety testing, it will only be after testing in humans that
the degree of relevance of the selected species will become known.

Perhaps all biologics would be pharmacologically active in chimpanzees,
our closest nonhuman primate relative. Most biologics would also be active in
one or more monkey species, particularly of the Macaca genus (e.g., M. mulatta
or M. fascicularis, the rthesus and cynomolgus monkeys, respectively). However,
some biologics, particularly mAbs, have such restricted, species-specific cross-
reactivity that they recognize the target only in humans and chimpanzees and
thus are active only in these species. Although chimpanzees have been used
for preclinical testing programs, their protected status, relatively limited
numbers, lack of suitability for invasive measurements (e.g., histopathology)
or chronic, reproductive or developmental toxicology studies, and past use for
testing a variety of biologic agents (which can be associated with interfering
immunogenic responses) makes chimpanzees not practical for most programs.
Furthermore in some countries there is a ban on the use of chimpanzees to
support clinical development. For these reasons, some biotechnology compa-
nies will no longer nominate as a development candidate any biologic that has
cross-reactivity restricted to chimpanzees only.
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While most biologics companies will first evaluate cynomolgus monkeys as
a potential relevant species (because of their relative availability), that is not
to say that monkeys are always the most relevant species or that other species
are not relevant. The degree of relevance of the selected species must be
demonstrated for each program.

When a relevant species cannot be identified for preclinical testing of a
biologic, ICH S6 supports the use of (1) transgenic animals expressing the
human target (in which the biologic might be tested, provided that the target
was appropriately functional), (2) knockout or transgenic animals to evaluate
the potential effects of target inhibition or replacement therapy, respectively,
or (3) the use of “homologous proteins,” which are often referred to as “sur-
rogate” biologics. Any of these choices requires a commitment to thoroughly
characterize the surrogate product and (surrogate) testing system. That is, the
choice of testing system (species, strain, genotype, etc.) must be demonstrated
to be relevant. For transgenic or knockout animals, this might mean genotyp-
ing individual animals, as well as fully describing the resulting phenotype. For
a surrogate product, this might mean characterizing the pharmacologic activity
of the surrogate in the test species, as well as the biological function of the
target in this species. For example, for a non—cross-reactive mAb directed
against a human target, a relevant surrogate mAb might be one directed
against the same target in a rodent species, provided that the target functions
comparably in the rodent species. Any of these alternative choices, if intended
to support preclinical safety testing, must also comply with appropriate regula-
tory guidelines. For example, the material used might best be manufactured in
compliance with GMP guidelines and the studies might best be GLP compli-
ant. In these surrogate studies all of the usual endpoints should be assessed,
such as PK, PD, and immunogenicity. In essence this means that the decision
to adopt a surrogate program to address safety issues in a pharmacologically
relevant species is a decision to double the amount of preclinical (and CMC)
work to be done. However, adoption of a surrogate may allow testing of all
aspects of toxicology, potentially even through carcinogenicity testing. Some
would argue that, because these alternative methods do not directly evaluate
the development product, some degree of relevance is lost. The counterargu-
ment to this point of view might be that if the biologic is not active in an animal
species, there is no choice but to develop an alternative preclinical develop-
ment program.

Figure 7.6 illustrated the hypothetical studies and time lines associated with
preclinical support for a mAb that has cross-reactivity (pharmacologic activ-
ity) restricted to humans and chimpanzees. In this example, the strategy to
support clinical development consists of conducting single-dose and 1- and 3-
month repeated-dose studies in chimpanzees with the development mAb and
use of a surrogate rat-anti-mouse mAb in a complete toxicology program in
mice. Note that the portions of the program conducted in chimpanzees or mice
would be essentially identical to what would be done in monkeys or rats if
either were a relevant species. Once adopted, the surrogate mAb program
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cannot be abbreviated; to the extent possible, appropriate studies must be
conducted to demonstrate that the surrogate is relevant. In this case the results
of the chimpanzee studies with the development mAb and the mouse studies
with the surrogate mAb could be compared.

As an aside, many biologics companies would choose one or the other of
these alternative strategies, not both. In some cases it might not be logistically
or technically feasible to conduct chimp studies. In some cases it might not be
technically possible or pharmacologically appropriate to use a surrogate. In
no case does ICH S6 recommend that a surrogate be developed for the
purpose of allowing testing in a second (rodent) species if a single relevant
species is identified.

This example of an integrated development plan assumes that the surrogate
mADb cell line was already established, so that no time was required for estab-
lishing it. In this case the time until BLA filing is essentially unchanged from
the previous example in which monkeys were used, but the total cost of the
program is about $8.1 M, which is $2.8 M less expensive. This savings is primar-
ily related to the use of mice rather than monkeys. However, the lower cost
does not include the internal costs associated with the concurrent (parallel)
development of both the surrogate and development mAb cell lines. If the
surrogate mAb cell line was not yet established at the time it was decided to
pursue this strategy, an additional roughly 9 to 12 months would be necessary,
with the BLA then filed about 1 year later.

As with a traditional approach there are numerous critical decisions to be
made during development. One of the most important considerations is the
extent to which the data generated by use of a surrogate is likely to be viewed
as acceptable to regulatory authorities. From the project team’s point of view,
it is unwise to commit resources to the conduct of studies that would not be
acceptable.”” From a regulator’s point of view, acceptability will be assessed
both on the quality of the studies (appropriateness, design, and compliance)
and their eventual results (demonstration of apparent relevance). While a
given study may be understood to be irrelevant a priori (e.g., one that uses a
species in which there is no pharmacologic activity), it is not true that all
studies that appear to be relevant will prove to be so. That is, the true relevance
of any study can only be known after human data are available for comparison.
It becomes therefore important for an alternative preclinical program to
attempt to establish the degree of apparent relevance of a study. But it is
equally important to try to establish the degree of apparent regulatory accept-
ability of alternative development programs. That means that there are several
times during development, generally prior to large resource commitments,
when discussions should be held with regulatory authorities as to the accept-
ability of the proposed alternative development programs.

"In this context, acceptability refers to the scientific rationale and the study designs, rather than to
the results, which can only be assessed for acceptability retrospectively.
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If one reviews Figure 7.6, it is apparent that discussions with regulatory
authorities might be held at two critical times. The first is around 12 months
prior to beginning manufacture of the surrogate, when the commitment to
reserve manufacturing capacity is needed, and when the acceptability of the
alternative strategy should be discussed. This discussion might address whether
GMP-compliant material, GLP-compliant studies and validated assays would
be expected. Without an agreement as to the apparent acceptability of the
proposed program, the program may be run at risk of failure (nonacceptabil-
ity) from a regulatory point of view. The second discussion should be held
several months prior to the time of IND submission, when the apparent rele-
vance of the surrogate should be demonstrable based on the results of the
studies conducted to date. At this time, if the cumulative data from the surro-
gate studies suggest that the surrogate approach is not relevant, then this
alternative approach is not viable. For example, if our hypothetical mAb binds
to a cell surface receptor and inhibits activation of human T cells in vitro and
chimpanzee T cells in vivo, but the rodent surrogate mAb binds to mouse T
cells and inhibits T cell activation in vitro, yet induces T cell depletion in vivo,
the surrogate would not be relevant because it does not share the pharmaco-
logic properties of the development mAb. Perhaps numerous efforts to re-
engineer the surrogate mAb to a nondepleting mAb would be unsuccessful
also. Or a nondepleting surrogate might be discovered, but the cell line might
not reach necessary productivity levels, leading to failure for technical reasons.
Thus, even with a preliminary agreement that an alternative approach might
be relevant and acceptable, there is still considerable risk that the alternative
approach will eventually not be successful in supporting the clinical develop-
ment program.

Supporting Changes to Cell Line, Manufacturing Process, Formulation,
or Route of Administration Biologics generally evolve over the lifespan of
product development, with changes along the way to cell line, manufacturing
process, formulation, and/or the method or route of administration. Many
programs in fact undergo changes in each of these categories. Because each
of these changes has the potential to affect one or more properties of a bio-
logic, which may in turn affect the PK, PD, immunogenicity, safety, or efficacy,
it has been said for biologics that “the process defines the product.” Therefore
the preclinical development program must also support all significant changes
made to the product or its manner of use.

For the mAbD in this comparison, the initial product is from an early cell
line that is formulated as a liquid, stored frozen, and administered by IV
injection. This is sufficient for initial safety, PK/PD, and pharmacologic
activity assessments in phase 1 but is not an acceptable product profile for
commercialization. To be competitive in the intended clinical indication, the
product needs to be stored as a lyophilized powder (to increase shelf life and
concentration), to be reconstituted and injected SC as needed. The acceptable
volume for SC injection dictates a much more concentrated formulation.
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Commercialization also dictates a highly productive cell line is in place prior
to phase 3. Each of the significant evolutionary changes to be made during
development may require some degree of “bridging” or comparability testing,
to demonstrate that the most recent version of the product maintains the
qualities of the previous version (see Chapter 8). The challenge to the project
team will be to decide when it is most efficient to test the effects of which
changes.

Figure 7.7 illustrates the hypothetical studies and time lines associated with
preclinical support for a mAb that undergoes changes to the route of admin-
istration (IV to SC) prior to phase 2, formulation (frozen liquid to lyophilized
powder) midway through phase 2, and cell line (high-producing new clone)
prior to phase 3. The initial studies included IV single-dose and 1-month
repeated-dose studies in monkeys. To support the planned change from IV to
SC administration for phase 2, one might conduct: a single-dose SC PK/PD
study for comparison to the single-dose IV results and, if they are acceptable,
then conduct the 3-month repeated-dose safety study with SC dosing. These
studies should demonstrate that the SC route is tolerated and provides com-
parable PK/PD properties to the IV route. Likewise, to support switching from
frozen liquid to lyophilized material during phase 2, one might conduct a
single-dose PK/PD comparability study of the frozen and lyophilized materi-
als. Last, one would ideally like to defer evaluating chronic and reproductive
toxicity testing until after establishment of the final, high-producing cell line
intended for commercialization and manufacture of the pivotal phase 3 clinical
trial material. If the material intended to be used in the pivotal 9-month
chronic toxicity testing study is derived from a new cell line and has not previ-
ously been tested in monkeys, one might consider first conducting a 1-month
repeated-dose study to assess safety and comparability. Although not dis-
cussed here, one might also conduct clinical comparability studies in humans
to support the change from IV to SC prior to phase 1 and any changes occur-
ring between phases 2 and 3.

As was true for the alternative program to support the lack of a relevant
species, the additional support required for changes to the route of administra-
tion, formulation, and cell line adds time and money to the preclinical program.
In this case about 12 more months and an additional $2.7M are required to
enable BLA filing.

From Figure 7.7 it becomes apparent that discussions with regulatory
authorities should be held at several critical times. While meetings to discuss
clinical comparability protocols are an accepted practice, it is less common,
but potentially just as important, to do the same for preclinical programs. The
first meeting(s) would be to present the proposed changes and to assess the
acceptability of the planned comparability testing."” Subsequent meetings
might occur soon after completion of the animal comparability/safety testing

BIn vivo comparability testing may not be required if the in vitro or biochemical characterization
of the biologic is sufficient to support comparability of the pre- and post-change products.
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(to determine whether comparability was established) and prior to human
comparability testing. The point to be made is that an understanding of the
acceptability of the proposed changes and the effect of those changes on the
product profile is needed prior to continuing to the next phase of development.
Without regulatory agreement to the plan, there will be a risk that the method
of comparability testing will not be acceptable, and therefore not useful. Even
with an agreement, there remains a risk that comparability will not be dem-
onstrated, in which case a significant portion of the supportive data derived
from the earlier material will not be appropriate for support of the later mate-
rial. Failure to demonstrate comparability means that some studies may need
to be repeated with the new material.

The Challenge of Biologics Preclinical Development The examples
above demonstrated that alternative approaches to preclinical development,
intended to address lack of a relevant species or to support changes to the
product or its manner of use, are associated with significantly more time
required for development and often with greater expense. The delays and costs
are related to the need to dually develop the surrogate and the product, or to
perform comparability assessments of earlier and later versions of the product.
In reality, many biologics programs must address issues with both appropriate
safety testing and support of product changes. In this example, if it was neces-
sary to develop a surrogate mAb and to support changes to the product and
its use, the total time until BLA filing might be as long as 10 years, 10 months,
and require around $11 M.

These “nontraditional” concerns are generally not encountered with
drugs. For this reason it is often feasible for a drug program to design, conduct,
and submit a complete preclinical development program that has a defined
budget and time line and is of relatively certain regulatory acceptability.
Consultations with regulatory authorities are therefore not as essential for a
drug (with the exception of dose-setting for carcinogenicity testing). In con-
trast, the challenge with biologics is in designing preclinical development
programs that address the relevant safety issues but, if nontraditional,
are acceptable to regulatory authorities. Gaining some assurance of this
acceptability for a biologic requires more frequent and earlier discussions with
regulatory authorities.

7.5 MESSAGES FOR PRECLINICAL DEVELOPMENT PROGRAMS
FOR BIOLOGICS

The fundamental responsibility of preclinical development is to enable clinical
development by consistently providing the relevant target biology, pharmacol-
ogy, PK/PD,immunogenicity, efficacy, or safety information, as well the required
regulatory support, in advance of when it is needed. The goal is for preclinical
development to never be rate-limiting for clinical development. The hypotheti-
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cal comparisons and examples that are presented here serve to illustrate what
a challenge this can be for some programs. From this exercise, several key
messages for preclinical development programs for biologics emerge:

Plan strategically. The entire integrated development program should be
planned early, to identify when each clinical phase will require the sup-
portive preclinical information. Critical decision points must be identified
and these decisions made in a timely fashion. A strategy must be planned
to address potential issues, such as lack of a relevant species or changes
to the product or manner of use.

Design relevant studies to answer relevant questions. The preclinical
development program should consist of relevant studies designed to
answer relevant concerns about pharmacology, PK/PD, efficacy, and safety,
as well as comparability. No study should be conducted if it is not poten-
tially capable of adding useful information to the knowledge of the
product.

De-risk high-risk plans. Whenever possible, discussions should be had
with regulatory authorities to determine the acceptability of the preclini-
cal program or studies for support of clinical development. Conducting
alternative programs without some assurance as to their potential accept-
ability is a run-at-risk proposition. While gaining preliminary approval of
the development program will not guarantee that it will eventually be
acceptable, it will at least determine that it is not unacceptable. Only
the program results will determine the eventual acceptability of the
program.

« Add value to clinical development. The greatest value that preclinical

development can offer is to enlighten or inform upon clinical develop-
ment. This is more than just meeting regulatory requirements without
becoming rate limiting. It includes, through careful selection of relevant
species and incorporation of relevant endpoints, the ability to inform upon
the likely PK/PD, pharmacology, efficacy and safety results to be seen in
human clinical trials.

7.6 SUMMARY

The objective of this chapter was to compare to the studies, materials, and
costs associated with hypothetical preclinical development programs intended
to support the clinical development of a drug and a biologic. To accomplish

this

objective, an integrated development program was planned, from IND

through NDA or BLA, and the respective preclinical development programs
to support each filing were then designed and compared. This exercise dem-
onstrated that relative to preclinical programs for drugs, there are some impor-
tant differences in preclinical programs for biologics:
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Biologics often require nontraditional or alternative testing strategies due
to limited species cross-reactivity (pharmacologic activity).

Biologics often require additional studies to support changes to the
product or its manner of use and to demonstrate comparability.
Biologics often require investment of additional time, effort, and money
to support a given phase of clinical development.

Biologics often have greater risks of failing for technical, scientific, and/or
regulatory reasons.

Biologics often require significantly different timing for key development
decisions to facilitate clinical development and manage risk.

Success for biologics will be achieved by de-risking the integrated develop-
ment program with early, detailed, long-range strategic planning, frequent
review of progress against plan, and early and frequent interactions with regu-
latory reviewers to assess acceptability of the plan and the results.

ACKNOWLEDGMENTS

Learning the trade of preclinical development for biologics is a long and chal-
lenging, but fortunately shared, process. There seem to be no training programs
that address the many nuances and differences from traditional drug develop-
ment paradigms, the latter of which can be accessed in numerous texts. The
results of development programs for biologics are generally not published, with
the exception of summary information available after approval. However, the
most valuable lessons to be learned often reside in the programs that do not
reach approval. Thus much of what we can learn of biologics development
comes from our colleagues. While I have had the opportunity to work on pro-
grams for a wide variety of biologics, I have been especially fortunate to have
had the benefit of the council of others who have had more and different expe-
riences than me. I am particularly grateful for the contributions of Lauren
Black, Page Bouchard, Joy Cavagnaro, Mary Ellen Cosenza, James Green,
Marie Green, Mark Milton, and George Treacy to my ongoing education.

REFERENCES

1. ICH M3(R1). Maintenance of the ICH Guideline on Non-clinical Safety Studies
for the Conduct of Human Clinical Trials for Pharmaceuticals. International Con-
ference on Harmonization of Technical Requirements for Registration of Pharma-
ceuticals for Human Use, 9 November 2000.

2. ICH S1A. Guideline on the Need for Carcinogenicity Studies of Pharmaceuticals.
International Conference on Harmonization of Technical Requirements for Reg-
istration of Pharmaceuticals for Human Use, 29 November 1995.



10.

11.

12.

13.

14.

15.

REFERENCES 159

. ICH S1B.Testing for Carcinogenicity of Pharmaceuticals. International Conference

on Harmonization of Technical Requirements for Registration of Pharmaceuticals
for Human Use, 16 July 1997.

. ICH S1C(R1). Dose Selection for Carcinogenicity Studies of Pharmaceuticals and

Limit Dose. International Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human Use, 17 July 1997, November
2005.

. ICH S2A. Guidance on Specific Aspects of Regulatory Genotoxicity Tests for

Pharmaceuticals. International Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human Use, 19 July 1995.

. ICH S2B. Genotoxicity: A Standard Battery for Genotoxicity Testing of Pharma-

ceuticals. International Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use, 16 July 1997.

. ICH S3A. Note for Guidance on Toxicokinetics: The Assessment of Systemic Expo-

sure in Toxicity Studies. International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human Use, 27 October
1994.

. ICH S3B. Pharmacokinetics: Guidance for Repeated Dose Tissue Distribution

Studies. International Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use, 27 October 1994.

. ICH S4. Duration of Chronic Toxicity Testing in Animals (Rodent and Nonrodent

Toxicity Testing). International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human Use, 2 September
1998.

ICH S5(R2). Detection of Toxicity to Reproduction for Medicinal Products and
Toxicity to Male Fertility. International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human Use, November
2005.

ICH S7A. Safety Pharmacology Studies for Human Pharmaceuticals. International
Conference on Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use, 8 November 2000.

ICH S7B. The Non-clinical Evaluation of the Potential for Delayed Ventricular
Repolarization (QT Interval Prolongation) by Human Pharmaceuticals. Interna-
tional Conference on Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use, 12 May 2005.

ICH S8. Immunotoxicity Studies for Human Pharmaceuticals. International Con-
ference on Harmonization of Technical Requirements for Registration of Pharma-
ceuticals for Human Use, 15 September 2005.

ICH S6. Preclinical Safety Evaluation of Biotechnology-derived Pharmaceuticals.
International Conference on Harmonization of Technical Requirements for Reg-
istration of Pharmaceuticals for Human Use, 16 July 1997.

ICH QSE. Comparability of Biotechnological/Biological Products Subject to
Changes in Their Manufacturing Process. International Conference on Harmoniza-

tion of Technical Requirements for Registration of Pharmaceuticals for Human
Use, 18 November 2004.






I CHAPTER 8

Demonstration of Comparability
of a Licensed Product after a
Manufacturing Change

RICHARD M. LEWIS, PhD

Contents
8.1 Introduction 162
8.2 Definition of Terms 162
8.2.1 Comparability 162
8.2.2 Equivalence 163
8.2.3 Generic Drugs and Bioequivalence 163
8.2.4 Biogenerics 164
8.3 Regulatory Guidance for Determining Comparability 165
8.3.1 The FDA 165
8.3.2 The EMEA 166
8.3.3 The ICH 166
8.4 General Principles and Practices 168
8.4.1 Comparability May Not Be Required 169
8.4.2 Manufacturing Changes 170
8.4.3 Physicochemical Characterization 170
8.4.4 Preclinical Considerations 171
8.4.5 Clinical Considerations 172
8.4.6 Specific Considerations Regarding Immunogenicity 173
8.5 Additional Applications of Comparability 173
8.6 Regulatory Submissions after US Marketing Approval 174
8.7 Conclusion 176
References 176

Preclinical Safety Evaluation of Biopharmaceuticals: A Science-Based Approach to Facilitating
Clinical Trials, edited by Joy A. Cavagnaro
Copyright © 2008 by John Wiley & Sons, Inc.

161



162  DEMONSTRATION OF COMPARABILITY OF A LICENSED PRODUCT
8.1 INTRODUCTION

Biopharmaceuticals have traditionally been defined by their manufacturing
processes. Over the course of a product’s life cycle a biopharmaceutical manu-
facturer often faces the question of whether to make changes to the manufac-
turing process and when to implement such changes. The need to make a
change may be driven by a variety of reasons, including contractual obligations,
manufacturing capacity, improving purity, improving safety, increasing product
yield, or optimizing the ultimate cost of goods of manufacture. There is
also regulatory pressure to maintain current good manufacturing practices
(cGMPs). The FDA has recently focused on maintaining cGMPs in their
“GMPs for the twenty-first century” initiative [1]. Central to this proposal are
the concepts of quality systems [2] and the process analytical technologies
(PAT) initiative [3]. The PAT guidance is intended to describe a regulatory
framework that will ensure the voluntary development and implementation
of innovative pharmaceutical manufacturing and quality assurance [4]. The
framework is intended to assist manufacturers in developing and validating
new efficient tools to maintain product quality while controlling the manufac-
turing process. These concepts will need to be considered, among other deci-
sions, when process changes are implemented. Since quality concepts need to
be considered prior to implementing a process change, the most difficult deci-
sion for a product developer is when to implement manufacturing changes.
Some of the issues to consider will be addressed in this chapter.

The initial goal in making a change is the demonstration that the original
product has not changed in “identity, strength, quality, purity, and potency”
and that previously developed safety and efficacy data will apply to the product
processed using the new method. If any differences are observed, they must
then be evaluated for their impact on the current product and relevance to
the previously obtained data. Importantly, even minor changes must be con-
sidered as potentially altering the above-mentioned product attributes. This
chapter will provide an overview of the key issues and considerations
for implementing a manufacturing change. The process that a manufacturer
will go through to determine these characteristics has been referred to as
“comparability.”

8.2 DEFINITION OF TERMS

8.2.1 Comparability

The concept of comparability was first introduced by the FDA in 1996 in its
guidance, FDA Guidance Concerning Demonstration of Comparability of
Human Biological Products, Including Therapeutic Biotechnology-derived
Products [5]. The term comparability was specifically chosen (1) to recognize
the possible lack of identity after a manufacturing change and (2) to distin-
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guish the concept from other specific pharmaceutical regulatory terms: equiva-
lence or bioequivalence. A successful demonstration of comparability between
two biopharmaceutical materials does not mean that the products are identical
in every way. Minor differences in the product may be identified, but the
products can still be viewed as comparable. Similarly each batch or lot may
not be exact but meet the boundaries or specifications that have been estab-
lished for the process [6]. The challenge for developers, manufacturers, and
regulators is to identify those characteristics that define the identity, strength,
quality, purity, and potency. Although the term comparability is used in the
FDA guidance, it is applied primarily to the changes in manufacturing; the
FDA has also used comparability principles in other ways.

8.2.2 Equivalence

Equivalence is meant to be a demonstration of a specified statistical confi-
dence that two compounds can achieve the same characteristics. It often has
been used to describe the same outcome or endpoint frequency in clinical
trials. Equivalence is not a comparative evaluation of similarity between dif-
ferent manufacturing methods of the same product or necessarily a compari-
son of extremely similar products. Equivalence also is a difficult statistical
assurance to reach in a clinical trial, and therefore it is an extreme standard
for comparison of manufacturing processes.

8.2.3 Generic Drugs and Bioequivalence

Bioequivalence is distinct from both equivalence and comparability and it is
defined in the regulations for generic drugs. Generic drugs are approved on
the basis of identity of strength, dosage form, safety, quality, performance
characteristics, and route of administration. They must have the same indica-
tion for use and demonstrate bioequivalence. A generic drug is considered
bioequivalent to an innovator if it exhibits the same rate and extent of absorp-
tion of the active or therapeutic ingredient, although inactive ingredients may
vary, and becomes available at the site of drug action. Acceptable absorption
parameters are those between 80% and 125% of those obtained with the
proprietary agent under the same testing conditions. These mechanisms for
approval are meant to address products that are identical to drugs, distinct
from biologics, and have an innovator that has been approved as a drug.
Generics are regulated under the Food Drug and Cosmetic (FD&C) Act, sec-
tions 505(b)(2) and 505(j). Under section 505(b)(2) of the FD&C Act, the
FDA may rely on data for approval of a new drug application that is not
developed by the applicant. Some or all of the clinical information can be
provided by the literature or by references to a past FDA finding of safety and
effectiveness for approved drugs. Generic drugs in the United States can be
approved based on a demonstration of bioequivalence of pharmacokinetic
data. Those products can be substituted (are interchangeable). The conditions
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which are accepted for bioequivalence are defined in the regulation but those
for comparability are generally negotiated with the FDA and based on the
best scientific information that is available. The decision about comparability
is determined on a case-by-case basis initially using multiple analytical tests
to characterize the chemical and physical attributes of the process materials
together with considerations of the complexity of the product and the scope
of the manufacturing change.

8.2.4 Biogenerics

Biological products that provide for generic medications were not part of the
Hatch—-Waxman amendments to the FD&C Act. In part due to historical pre-
cedence and in part due to scientific concerns of the FDA, biologics do not
have regulatory mechanisms to provide for the approval of “generic” com-
pounds for a previously approved biological drug. As a result of the large
degree of interest globally in providing the same advantages to biologic drug
development as the Hatch-Waxman Act provided to pharmaceuticals, the
concept of biogenerics is being discussed widely in industry and regulatory
venues as well as congressional and public settings.

European health authorities have developed regulations that allow a form
of generic biologics for recombinant proteins and monoclonal antibodies. The
Committee for Medicinal Products for Human Use (CHMP), of the European
Medicines Agency (EMEA), issued a series of guidelines that address their
expectations for applications as Marketing Authorization for Similar Biologi-
cal Medicinal Products [7]. To support this new approach CHMP has issued
additional guidelines: (1) regarding the demonstration of quality, Similar Bio-
logical Medicinal Products Containing Biotechnology-Derived Proteins as
Active Substance: Quality Issues [8], and (2) for assessment of applications
containing clinical and nonclinical data, Similar Biological Medicinal Products
containing Biotechnology-Derived Proteins as Active Substance: Non-clinical
and Clinical Issues [9]. The development of so-called biosimilars is dependent
on the principles of comparability and thus the above-mentioned guidelines
refer to the EMEA’s previously issued Guideline on Comparability of Medici-
nal Products Containing Biotechnology-Derived Proteins as Active Substance:
Quality Issues [10] and also Guideline on Comparability of Medicinal Products
Containing Biotechnology-Derived Proteins as Active Substance: Non-clinical
and Clinical Issues [11]. These guidelines, the concept of biosimilars, and the use
of comparability principles add to the importance of, and confusion over, the
term comparability. In the described CHMP comparability guidelines, compa-
rability can be applied to either a manufacturing change by a single manufac-
turer or to the regulatory application of a biologic claiming similarity to a
previously approved product after patent protection has ended. Thus the prin-
ciple of comparability is central to the development of the so-called biosimilars.
In fact, the first two biosimilar products, both for human DNA-recombinant
growth hormone, were approved under these guidelines in 2006 [12].
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It is beyond the scope of this chapter to discuss biogenerics and biosimilars,
also referred to as follow-on biologics (in the United States), subsequent entry
biologics (in Canada), and multisource biological products. The fate of a regu-
latory mechanism for approval of follow-on biologics in the United States is
still undetermined, and the debate will likely continue as biopharmaceuticals
take on an increasing share of the drug market and thus an increasing impor-
tance to the health care market [13].

8.3 REGULATORY GUIDANCE FOR DETERMINING COMPARABILITY

8.3.1 The FDA

The FDA guidance describes the possible evaluations that may be needed to
demonstrate comparability to the US regulatory authorities. The document is
broad enough to address changes in manufacturing at premarketing or after
licensing, although it primarily addresses changes during development after
some clinical studies have been completed. The comparability exercise may
include a combination of analytical testing, biological assays (in vitro or in
vivo), assessment of pharmacokinetics and/or pharmacodynamics and toxicity
in animals, and clinical testing (clinical pharmacology, safety, or efficacy). The
usual progression of complexity is from analytical to animal studies to human
pharmacokinetics and/or pharmacodynamics to clinical safety and efficacy
studies. Analytical testing is regarded as the most precise measure of a mole-
cule’s attributes and thus serves as the first tier for comparability determina-
tion. If product differences are observed in analytical testing, then additional
preclinical studies or a clinical pharmacokinetic or limited pharmacodynamic
study may be warranted. If differences are observed after additional limited
clinical testing, or if there is insufficient product knowledge of the impact of
differences on safety, purity, or potency, then data from larger clinical studies
may be needed.

As previously mentioned, product manufacturing changes are made for
many reasons: to increase product supply through process optimization such
as to increase yield, to increase manufacturing capacity by scale-up or duplica-
tion and addition of viral reduction methods, or to increase compliance with
cGMPs. The precise manufacturing process of all drug products must be
described to regulatory agencies. In the United States, changes in manufactur-
ing must be reported in either an active IND or to the BLA depending on
stage of product life cycle. (See Section 8.6 for various types of license supple-
ments that can be used to report changes.)

The ultimate goal of an investigational product is the demonstration of
safety and efficacy and in the case of a licensed product that it has suitably
provided that demonstration. Thus the primary concern after a manufacturing
change is if that change will affect the safety or efficacy (safety, identity, purity,
or potency) that has been demonstrated previously. The guidance points out
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that changes that appear minor may have major effects and major changes
may exert minor effects. For this reason it is important to select those assays
that can identify the characteristics that contribute to safety and efficacy.

8.3.2 The EMEA

The EMEA has also issued guidance on Comparability, as mentioned above,
on quality issues [10] and for nonclinical and clinical issues [11]. In these
guidelines the concept of comparability can be applied to either a manufactur-
ing change by one manufacturer or to the application of a biologic claiming
similarity to a previously approved product after patent protection has ended.
This guidance offers more detail than either the ICH document or the FDA
guidance. A complete section of the EMEA guideline addresses aspects of
immunogenicity testing. It discusses factors that can contribute to changes in
immunogenicity: measurement of antibody responses, antibody testing strate-
gies, validation of antibody assays, and timing of sampling. The document
insists that immunogenicity “be considered when a claim of comparability is
made, especially when repeated administration is proposed.”

8.3.3 The ICH

The International Conference on Harmonization has noted the importance of
comparability and itself has issued guidance [14]. The FDA has accepted the
ICH guidance, and it is a part of the material that offers advice in developing
comparability data. In many respects it follows the previously published FDA
guidance; however, with the benefit of an additional decade of experience with
biopharmaceutical manufacturing processes and clinical validation, this docu-
ment provides greater details for determining comparability.

The ICH published The Comparability of Biotechnological/Biological
Products Subject to Changes in Their Manufacturing Process [14] in 2005. In
comparison to the initial 1996 FDA guidance, this guidance addresses similar
concerns with less emphasis on the preclinical and clinical aspects but it is
similarly intended to address manufacturing changes for a product by a single
manufacturer. It addresses changes that are made either during product devel-
opment or manufacturing changes that are meant to improve the production
of a marketed product. One principle, that is common to both documents and
should be applied in all parts of the comparability exercise is that material
before and after the manufacturing change should be compared in every ana-
lytical, biological, and stability evaluation as well as in nonclinical and clinical
methods if deemed necessary.

By comparison to the EMEA document, the ICH guideline does not address
immunogenicity in the same detail. It does suggest that immunochemical
properties be a component of the characterization and considerations for
immunogenicity should be a part of the planning of nonclinical and clinical
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studies, in particular, when considering various aspects of the knowledge of
the product use.

8.4 GENERAL PRINCIPLES AND PRACTICES

The scope of a comparability program should usually be established in relation
to the significance of the change that is being evaluated, the stage of develop-
ment, and the clinical indication. Each program should take into consideration
how the change may affect the finished product as well as attempt to answer
other questions: How much of a “difference” is acceptable? Is lack of “same-
ness” an issue for the particular stage of development? Are the pivotal safety
and efficacy trials in progress? Do blood concentrations correlate with toxicity
and/or efficacy [15]?

With a marketed product it is more important to provide assurance of
comparability prior to committing to making the change. Even more than with
a product in development, it is important to have confidence that the current
manufacturing method produces a product on which there is confidence that
there can be a reliance on previous data, including in vitro, preclinical, and
clinical information, for the safety and efficacy of the current methods. Without
complete confidence in the comparability, it will be difficult to evaluate trends
in safety reporting.

In carrying out all aspects of the comparability exercise, it is important to
consider previous knowledge of the product and, in particular, the relationship
between the characteristics of the product and the effects documented by
available preclinical and clinical experience. Other important considerations
include recognizing the contribution of the particular production step that is
changed, the potential impact of the change, and the ability to measure any
predicted change. In evaluating the change, knowledge of the key physiologi-
cal characteristics of the active product is central to selecting the proper traits
to be tested and which manufacturing stages are relevant. In any case, the drug
substance and drug product should both be included as part of the comparison.
Also it is important to demonstrate a consistency of manufacturing, which is
usually done with a limited number of manufacturing batches. The effect on
stability should be measured and compared with the previous material [16].

Determining the potency of the final product and comparing the character-
istics of drug substance and drug product are generally expected. However, in
some cases the most sensitive step in the process to detect changes may be in
intermediate fractions. In such cases key intermediate materials should be
compared.

The effects that changes will have on the product at critical control points,
in-process controls, and downstream steps must be considered and evaluated
whenever possible. Samples from intermediate process steps may provide
material that can be better evaluated for possible impurities or, in some
cases, infectious agents. The milieu in which material is applied to purification
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matrices may affect separation parameters. As such, it is not only the degree
of purity, specific activity, or concentration but also the consistency of the
material in which it is isolated. The presence or absence of proteolytic enzymes
or carriers may affect the chemical nature of the product. The FDA has
recently emphasized process analytical technologies (PAT), and it should be
recognized that upstream manufacturing changes can have important effects
on in-process measurements [3]. A change in the purity profile, as well as the
impurity profile, of one step has the potential to change the effectiveness of a
subsequent manufacturing step. It is always important to note that the result-
ing material from one manufacturing step is the starting material for the fol-
lowing part of the process.

While it is likely that minor changes will result in a comparable product, a
series of small changes over time can amount to a significant change in the
product. For this reason manufacturers should evaluate the potential for
gradual “drift” of the product or, taken together, there may be an interaction
that is unforeseen and may be a reason for doing comparability studies. Also
the changes may have some interactive function that cannot be predicted and
will prompt the need for comparability studies.

It is very important that a side-by-side comparison be performed using the
product from the previous process with the product from the new process.
Sufficient “old” product and intermediates must therefore be available
(retained) to allow for the comparability studies. During the initial character-
ization of the product, numerous assays are selected to ensure in-process
consistency, including essential characteristics of key intermediates. It is
assumed that these assays describe the important characteristics of the product.
For this reason most of these assays will be employed in demonstrating
comparability.

Biological assays, in particular potency assays, are meant to demonstrate a
relationship between the product and the desired biological effect. The corre-
lation between the activity measured by the potency assay and the resulting
clinical effect is an important criterion in both dosing and the determination
of efficacy. International or other accepted reference standards, when avail-
able, should be incorporated in the assay.

In theory, comparability is the provision of data so that there is sufficient
confidence in product made by a new manufacturing method that one can rely
on the data previously developed using the former manufacturing method.
Although it is not necessarily a stepwise process, in practice comparison data
are generated first in vitro, then in preclinical studies and finally in clinical
trials. The need for a step up in each case generally is based on the data
obtained in the current tier.

8.4.1 Comparability May Not Be Required

If the manufacturing change is carried out prior to any preclinical or clinical
testing, there is little need to compare the products made by the two methods
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except for development purposes. The primary reason for determining com-
parability is to have a basis for reliance on previous data. The bar for establish-
ing comparability will therefore likely be higher for changes made during or
after phase 3 clinical studies.

8.4.2 Manufacturing Changes

The types of changes that a manufacturer might face are varied and diverse,
from minor to major; to list some: transition from in vivo to in vitro production
for a monoclonal antibody, changes in DNA vector, a new master cell bank,
use of a different cell substrate (host cell system), changes in raw materials,
different culture media and culturing conditions, different serum to serum-free
tissue culture, changes in a purification step, changes in storage conditions, and
changes in equipment and facilities including pilot versus full-scale product or
a new production line. There may also be changes in the purity and impurity
profiles, deliberate molecular modifications to the protein, or changes in the
final formulation including changes in excipients, container closure, as well as
a change from liquid to lyophilized product.

Some of the manufacturing changes that can alter biochemical structure
include changes in cell substrate, raw materials, bioreactor conditions and
purity [17]. These changes may lead to posttranslational modfications in gly-
cosylation, may increase process- or product-related impurities that might be
immunopotentiating, or may include degradation products that lead to aggre-
gation. It is for this last reason that the FDA insists on evaluating the monomer
pattern of the final product. A number of manufacturing changes have been
shown to lead to aggregation. In one instance, merely the change in the
container-closure system provided an increase in leached materials which
induced aggregation [18]. Because aggregation can induce immunogenicity,
alter pharmacokinetic (PK) characteristics, and induce hypersensitivity (e.g.,
intravenous immunoglobulin, IGIV), the evaluation of monomer patterns is
usually a required evaluation in any comparability exercise.

There is a close relationship between the comparability of product made in
different processes and in the applied current good manufacturing practices
(cGMPs). The FDA has recognized that degree of GMP does not have to be
as stringent for products in early phases of development [19,20]. It should also
be noted that the better a product is characterized, the easier it is to demon-
strate that a new process produces a comparable product.

8.4.3 Physicochemical Characterization

The availability of sensitive analytical tests to adequately characterize a
product and to measure the predicted possible changes is central to a compa-
rability assessment. Obviously tests should be chosen that will be the most
likely to detect important changes. ICH Q6B offers advice on physicochemical,
biological activity, and immunochemical properties, purity (impurity), con-
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taminants and quantity [21]. The assay standards and statistical assurance of
assay validity are also addressed as well as the application of testing to in-
process material, drug substance, and drug product.

The importance of determining biological activity should be emphasized.
The association of this activity with clinical effect is an important component
of product characterization, in particular, potency and stability testing. Before
embarking on animal or human trials to evaluate comparability, it is important
to evaluate the data gathered in the quality testing and determine the need
for additional studies. If any differences are observed, the nature of those dif-
ferences will determine the need for animal or clinical studies. The association
of the changes with known safety and therapeutic potential will help to con-
tribute to the decision. In addition the dosing regimen, the therapeutic window,
and the previous experience with the product will determine the need for in-
life trials.

Often analytical testing and biological characterization are sufficient to
provide evidence of comparability. One estimate of frequency of the use of
clinical data for comparability demonstrations was 1% [22]. However, more
recently the FDA has begun to request more clinical PK data for defining
comparability of products in clinical development.

8.4.4 Preclinical Considerations

Changes in three-dimensional structure can ultimately affect pharmacokinetic
profile, receptor affinity, and immunogenicity. Thus comparability programs
often focus on those measures that can best be used to determine the retention
of a molecular identity. While in most cases analytical testing and biological
characterization are sufficient to provide evidence of comparability, various in
vitro studies or in vivo animal studies may need to be considered. Animal
pharmacokinetics may also be needed even in the absence of demonstrated
differences in analytical testing of the functional assays for the product. This
is because analytical testing may be insensitive to changes affecting pharma-
cokinetics and in vitro functional tests may not reflect the time-dependent
aspects of distribution [5].

Assay performance criteria for biopharmaceuticals are often highly vari-
able; therefore strict statistical criteria that attempt to rigorously establish
traditional in vivo bioequivalence may not always be appropriate. In some
cases an assessment of rate and extent of absorption as indicated by the
maximum concentration (Ch,y), time of maximum concentration (7y,.,) and
area under the curve (AUC) may be needed. In other cases complicating
factors related to binding proteins, endogenous concentration, and unusual
concentration-time profiles may need to be considered [15]. In cases where
complications may arise from immune response to heterologous proteins,
cross-over designs are inappropriate.

The extent of additional toxicology studies depends on where in the phase
of clinical development or the life cycle of product the change is made, the
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previously developed safety profile and on the magnitude of the manufactur-
ing change [15]. Additional animal studies or “bridging studies” may be needed
where the product has a narrow therapeutic index or where specific safety
concerns are present, such as when the process change raises concerns about
possible toxic impurities or adventitious agents that cannot be assessed with
analytical testing. Bridging studies may also be indicated if there is a significant
change in the final formulation or route of administration.

8.4.5 Clinical Considerations

ICH QSE is emphatic in stating that both preclinical and clinical data may not
be necessary if the manufacturer can provide assurance of comparability
through the previously described analytical program. However, when these
data are insufficient, additional evidence may be required, and this is deter-
mined on a case-by-case basis. Various studies may be recommended based on
the results of the analytical studies, knowledge of the product, and clinical
information, in particular, regarding dosing indication, therapeutic index, and
previous clinical experience. The studies may be PK, pharacodynamics (PD),
efficacy, safety, immunogenicity, or phase 4 studies. Like all other parts of
the program, these studies should be based on a direct comparison [15]. Simi-
larly the 1996 FDA guidance states that usually the reason for the analytical
studies is to avoid additional clinical trials. When needed, the additional human
studies will be to evaluate changes that may affect pharmacodynamics and
pharmacokinetics [5].

The EMEA, CHMP, offers more detail in their advice; however, the specific
need for clinical data, like the ICH and FDA guidances, will depend on the
degree of comparability measured in analytical methods. A wide variety of
conditions for drug use and the availability of a surrogate marker may affect
how the clinical comparison is performed. If a surrogate marker is available,
PK/PD studies may be sufficient, and the degree of knowledge of the product
along with the degree of difference will dictate the need for additional clinical
data. It will be important, especially for marketed products, to follow closely
the safety profile of the product using well-designed pharmacovigiliance
methods to be assured that no additional safety concerns were introduced with
the change.

When manufacturing changes are made prior to approval, comparability
usually is demonstrated through analytical and sometimes animal studies
before proceeding to the next phase of development. If late in development
(e.g., during phase 3), it might be necessary or valuable to demonstrate com-
parability as part of the trial(s).

It is important to note that in order to be able to adequately compare
product made from two different manufacturing schemes, material must be
available from both. There has been more than one manufacturer who changed
process without retaining sufficient material of the former method to do
adequate comparisons. As discussed above, it should be noted that the final
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product is not always the best or only material to use for comparative studies.
The concentration and nature of the impurities may be important in manufac-
turing steps further downstream.

8.4.6 Specific Considerations Regarding Immunogenicity

How does immunogenicity figure into comparability? Changes in manufactur-
ing can undoubtedly give rise to changes in immunogenicity. The known asso-
ciation of particular molecular changes with changes in immunogenicity, such
as secondary and tertiary conformational changes, may indicate the need for
some assessment of the potential for an immune reaction to the new material
if these changes are identified. Other considerations include the nature of the
product itself, the dose schedule and route, the duration of therapy, and the
immune status of the intended patient population. Given the nature of biologi-
cal products, it is often difficult to determine the immunogenic potential of
a particular product much less to be able to compare between similar
products.

Immunogenicity concerns are based on a number of potential safety con-
cerns. Adverse reactions can be based on the formation of immune complexes
that can give rise to renal toxicity, complement activation, and, as recently
reported, the induction of autologous antibodies that cross-react with the
patient’s own endogenous protein [23-28].

One example of a plasma-derived coagulation factor VIII showed a marked
increase in inhibitor formation (antibodies to factor VIII that block activity)
[29,30]. The question of immunogenicity is one of the most difficult questions
to answer without clinical data. However, relative immunogenicity as mea-
sured by frequency of the development of antibodies or the relative magnitude
of a reaction can be determined in animals, even though it is understood that
treating animals with human proteins usually will result in the development
of an immune reaction. The FDA has accepted one approach to demonstrate
a lack of neo-antigenicity. This is the adsorption of antibodies against the
novel material with the previous material. If all antibody activity can be
adsorbed by the previous version, it suggests a lack of neo-antigenicity.
The use of transgenic and knockout mice may also provide a means to evalu-
ate neo-antigenicity. All evaluations of immunogenicity are dependent on the
reliability, sensitivity, and specificity of the assays used.

Other chapters in this volume specifically address immunogenicity and
preclinical models and may also be relevant in the context of comparability
(Chapters 16 and 20). The FDA has allowed changes in production without a
clinical evaluation of immunogenicity.

8.5 ADDITIONAL APPLICATIONS OF COMPARABILITY

The FDA has applied the concept of comparability in other unique ways in
order to address specific regulatory needs. It has recently discussed the concept
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of comparability in its draft “Guidance for Industry: Minimally Manipulated,
Unrelated, Allogeneic Placental/Umbilical Cord Blood Intended for Hemato-
poietic Reconstitution in Patients with Hematological Malignancies” [31].
Generally, comparability is used to demonstrate that there can be reliance that
a novel process produces a safe and effective product based on data gathered
from a previous method. (The “new product” relies on data gathered using the
“old product.”) In the umbilical cord blood guidance, the FDA has shown a
willingness to use current data for licensure (i.e., as a demonstration of safety
and efficacy) and to apply comparability principles to ensure safety and effi-
cacy of product made under a previous method. In other words, rather than
use comparability to make products available from a newer process, the FDA
suggests using it to make products available from previous, unlicensed methods.
(Data on the “new product” is used for confidence in the “old product.”) This
approach is important to ensure the availability of products for transplantation
to individuals with very limited possibilities for matching donors. Because of
the rapid changes in the field of umbilical cord blood transplantation, it is
likely that many tests used today are not the same as those in a past decade
nor validated in the same ways when these important products were first being
collected and stored. Although much of the testing may not be identical, the
cellular products may be the same or at least “comparable.” With the assurance
of comparability older products can be considered licensed.

In this guidance the FDA offers some direction for the demonstration of
comparability. They request that the manufacturer provide evidence that the
methods, facilities, and controls that were used to manufacture previous prod-
ucts conformed to cGMPs and to other applicable regulatory requirements.
In addition they request the submission of validation summaries, as well as
product characteristics such as total nucleated cell count, viable CD34 cell
count, and number of colony-forming units. Stability data and information
from the scientific literature can also be used. Clinical outcomes can be part
of the comparability demonstration.

Upon approval of the application and the comparability data, all products
could be made available under the license. Some of the concepts addressed
for umbilical cord hematopoietic stem cells may be important in future com-
parability demonstrations in hematopoietic and other cell therapies.

8.6 REGULATORY SUBMISSIONS AFTER US
MARKETING APPROVAL

For manufacturing changes that are made after marketing approval, the manu-
facturer must submit data demonstrating that the change does not affect the
product. For licensed biologics, the submission will be as a biologics license
supplement (BLS) and will fall in one of a few categories [32]. A prior approval
supplement describes changes that have a substantial potential to have an
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adverse effect on the identity, strength, quality, purity, or potency of the product.
The changes should not be implemented until the supplement has been
reviewed and approval given. In changes that are thought to have a moderate
impact on the product, a changes being effected in 30 days (CBE30) supple-
ment, or a changes being effected (CBE) is submitted, which enables imple-
mentation within 30 days or immediately, respectively. Data documenting the
change must be submitted and will be reviewed by the FDA. Other changes
are reported in an annual report. A decreased time to distribution of product
after the change in CMC can be facilitated if the manufacturer has the fore-
sight to identify those changes that may be made in the future and/or a series
of changes that may be implemented. It is also possible to decrease the report-
ing burden. This can be accomplished with the approval of a “comparability
protocol.”

A comparability protocol is a well-defined, detailed, written plan for assessing the effect
of specific CMC changes in the identity, strength, quality, purity, and potency of a specific
drug product as these factors relate to the safety and effectiveness of the product. A
comparability protocol describes the changes that are covered under the protocol and
specifies the tests and studies that will be performed, including the analytical procedures
that will be used, and acceptance criteria that will be achieved to demonstrate that speci-
fied CMC changes do not adversely affect the product [32].

It is important to note that the submission of a comparability protocol is a
prospective approach. That is, the protocol with tests and acceptance criteria,
including specifications, must be submitted even before the testing has begun.
It is a protocol alone. It is more important in this effort to select the most
appropriate analytical methods to be used. There are a number of advantages
of this approach. Once the protocol is approved by the FDA, as a prior
approval supplement, it can lower the type of biologics license supplement
category. For example if the manufacturing change would need to be reported
as a prior approval supplement, the approval of a comparability protocol could
reduce that category to a changes being effected in 30 days (CBE30). Similarly
a CBE30 could be reduced to reporting through an annual report. In addition
the FDA, having approved a specific protocol, is less likely to ask questions
that might delay final implementation.

The FDA has provided two separate guidances for submitting comparabil-
ity protocols. One guidance is provided for therapeutic recombinant DNA-
derived protein products,naturally derived protein products,plasma derivatives,
vaccines, allergenics, and therapeutic DNA plasmids. This guidance also applies
tonew drug applications (NDAs),abbreviated new drug applications (ANDAs),
or supplements to these applications for protein drug products, and peptide
products that cannot be fully characterized (e.g., complex mixture of small
peptides) [33]. Guidance is also available that addresses changes for compa-
rability protocols that would be submitted in NDAs, ANDAs, or supplements
to these applications, except for applications for protein products [34].
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8.7 CONCLUSION

The demonstration of comparability has been addressed nationally and inter-
nationally by several published regulatory guidance documents. It should be
noted that the better a product is characterized, the easier it is to demonstrate
that a new process produces a comparable product. Importantly, the most
relevant knowledge base for the physicochemical and biological characteris-
tics of the product rests with the manufacturer. It is this specific knowledge
that is paramount in developing the essential tests to use in the comparability
exercise. As changes in manufacturing are inevitable, it is critical to retain
material from certain product batches in order to be able to compare materials
from the process before and after manufacturing changes, using in-process
materials at critical control points and at manufacturing steps that will be
the most sensitive for molecular changes that could offer the most risk.
A manufacturer considering a process change should evaluate the overall
process and determine the need and reason for making the change. The change
should be viewed as part of research and development until there are satisfac-
tory results from the comparability exercise. Once the tests are identified,
samples collected from both processes, analysis performed and conclusions
drawn, it will be possible to implement a well-documented manufacturing
improvement.
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9.1 INTRODUCTION

The goal of biopharmaceutical development is to maximize therapeutic benefit
while minimizing the risk of treatment-related toxicity. To mimic putative
interpatient treatment differences in test article responsiveness, it is important
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not only to select a relevant species for conducting safety assessment studies
but also to understand the rank order pharmacologic sensitivity of the relevant
common laboratory animal species. The ICH S6 guidance defines a relevant
species as “one in which the test material is pharmacologically active due to
the expression of the receptor or an epitope (in the case of monoclonal anti-
bodies).” The guidance discourages conduct of studies in nonrelevant species
because of concerns about generation of misleading information. Animal
studies are critical to demonstrate cross-reactivity of the biopharmaceutical
not only with target tissues but with nontarget tissues as well, which in turn
facilitates risk assessment in humans. Appropriate selection of a pharmaco-
logically relevant species that is sensitive to administration of the biopharma-
ceutical in question will enable identification of factors that most reproducibly
affect the therapeutic index. A thorough evidence-based evaluation of the
species selection criteria must therefore be performed prior to conducting
toxicity studies. The feasibility of conducting such studies in two relevant
species as per current regulatory requirement should also be evaluated.

This chapter will discuss various experimental approaches used to select the
relevant species for conduct of toxicology studies for biopharmaceuticals, as
well as highlight advances made in scientific approaches and technologies to
facilitate this process. Methods discussed include the traditional immunohisto-
chemistry and tissue cross-reactivity studies, flow cytometry, protein sequenc-
ing,and functional in vitro assays, as well as newer approaches such as utilization
of microarray databases for genomic mRNA expression data and use of tran-
script profiling studies as an adjunct to functional assays, to understand similar-
ity in pharmacological responsiveness between animals and humans.

9.1.1 Species Selection: Biologics versus Small Molecule Therapies

The rationale and experimental means by which relevant and appropriate
species are selected for preclinical safety evaluations are different when com-
paring biopharmaceuticals with small molecular, chemically synthesized thera-
peutics. Unlike protein therapeutics that remain in the extracellular space,
small molecular entities may be widely distributed within the biophase, may
accumulate intracellularly, and may be associated with “off-target” toxicities,
that is, toxicities not associated with or attributable to the targeted receptor
or biochemical pathway. Moreover these molecules are frequently subject to
metabolic biotransformation to other chemical entities either through enzy-
matically mediated chemical reactions (phase 1 metabolism) or conjugation
with other biomolecules (phase 2 metabolism) that may alter the distribution,
excretion and, importantly, toxicity of the metabolite. Biodistributive and
metabolic effects on a given small molecule may vary widely among animal
species, including humans. Therefore the relevance of candidate animal species
for preclinical safety evaluation of small molecular therapeutics is based pri-
marily on comparisons of the so-called metabolite profile of a particular chem-
ical drug in a range of the common rodent and nonrodent laboratory animals.
The question being asked in that instance is, which species most closely resem-
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bles humans with regard to the identity, number, and quantity of metabolites
produced when the chemical therapeutic is added to an ex vivo or in vivo
system containing the necessary metabolic components? In contrast, protein-
based therapeutics remain in the extracellular space and are not metabolized,
and generally induce toxicities via their known mechanism of action, so-called
exaggerated pharmacology. Thus selection of species for preclinical safety
evaluation of biopharmaceuticals is based on demonstration of the pharma-
cologic effect in that animal species. This can be done in a variety of ways, as
discussed in detail below.

Even if a species is considered relevant based on pharmacological activity
of the test article, the many limitations of using animals to predict toxicity of
biopharmaceuticals in humans should be recognized. These limitations include
variability in the expression pattern of the target, inherent differences in
protein processing and clearing mechanisms in animals, differences in immune
system development and phenotypes of immune cells, as well as the potential
immunogenicity of biopharmaceuticals. By designing appropriate studies and
experiments to identify the relevant species for conduct of toxicology studies,
the risk of missing a major safety signal can be mitigated. The approaches and
examples described in this chapter to illustrate the use of specific methodolo-
gies in the selection of a relevant species were selected from a diverse pool of
experiments performed during the nonclinical development of either immu-
noglobulin fusion protein therapeutics or humanized monoclonal antibody
therapeutics.

9.1.2 General Considerations for Relevant Species Selection

Numerous experimental approaches can be employed to test the hypothesis
that a given laboratory animal species is relevant to humans with respect to a
biopharmaceutical and its known target and mechanism of action. While the
number of available evaluation methods can be expected to increase with the
discovery and deployment of new technologies, the current commonly used
methods comprise a relatively short list that can be rank ordered based on the
ability of these methods to generate scientifically compelling data. Figure 9.1
depicts a proposed impact-based rank ordering of common methods. Many
of these methods will be discussed in greater detail in subsequent sections of
this chapter.

In general, it is reasonable to conclude that the data sets considered to be
most compelling are those derived from relatively intact biological systems
(whole animal- or cellular-based systems) while less compelling data could be
expected to be produced through the analysis of isolated molecules (in vitro
assays or in silico analyses). Further, even though a particular method may
provide superior and desired data regarding species relevance, all therapeutics
may not be amenable for evaluation using a given method. For example, not all
biopharmaceuticals elicit measurable changes in a qualified pharmacodynamic
marker, nor can a given biopharmaceutical be expected to have the inherent
biochemical properties needed to perform as a useful assay reagent.
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In vivo pharmacodynamic effect (Figures 9.2-9.4, Table 9.1):

Detectable test article exposure results in expected changes in a cellular or molecular
marker known to be affected by the pharmacologic action of the drug, preferably proximate
to the therapeutic mechanism. Pharmacologic sensitivity relative to humans is estimated.

In vivo interaction with known target:
Radio- or fluorophore-labeled test article is shown to bind to or impact expected target
tissues / cells in vivo in the test species (whole body imaging).

¥

Ex vivo biologic effect (Figures 9.5,9.6):

Primary cells from the test species are shown to be altered by test article exposure in a
manner known to be effected by the impacted signaling pathway (alteration of qualified
gene products of affected pathway)

Presence and distribution of receptor in predicted tissues (Table 9.2):

Complete tissue sets are interrogated by molecular methods (IHC, ISH, northerns) to
demonstrate the presence of putative biopharmaceutical target or ligand-receptor pairs.
Tissue distribution patterns are compared between proposed test species and humans.

¥

Ex vivo / in vitro interaction with known target (Figures 9.7,9.8):
Labeled test article is shown to bind to orimpact expected target tissue/cell ex vivo in
tissues or cells of the test species (flow cytometry, tissue binding, etc.)

In vitro binding (Figure 9.9):
Immunoassays or other receptor binding assay formats demonstrate binding of test article
to test species target. Quantitative binding data (affinity) is compared to human.

Transcript profiling (Figure 9.10):
Ex vivo (selected tissues from animals) or in vitro (using primary or transformed cells)
analysis of mRNA changes effected by test article administration.

¥

In silico analysis (Figure 9.11, Tables 9.3, 9.4):
Computational analysis of sequence homology of target between species, or
electronic Northern blot examining target expression across tissues.

Figure 9.1 Proposed rank ordering of methods informing species selection for safety
assessment of biopharmaceuticals. Various methods used for selecting pharmacologi-
cally relevant species for toxicological studies of biopharmaceuticals are presented,
ordered (top to bottom) by the extent to which the data might impact the decision on
which species to use. In cases where the methods are further discussed in this chapter,
the relevant figure/table numbers are provided. These types of analyses may also be
used for creating data packages for small molecules, although not typically for species
selection.
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As in all other areas of scientific inquiry, if one can interpret collected data,
there is often value added in the collection of relevant data beyond that con-
sidered sufficiently compelling. It is also within the realm of possibility that
the described methods for assessing species relevance may provide conflicting
data. In such an instance, preference would be given to data derived from the
higher order, intact biopharmaceutical systems.

The remainder of this chapter discusses the various methods in the order
presented in Figure 9.1. However, this may not necessarily be the order in
which the experiments are performed, as in silico and in vitro assays for an
initial examination of species relevance may be easier and less costly to
perform, and therefore worth completing prior to the more time-consuming
and expensive in vivo assessments.

9.2 IN VIVO PHARMACODYNAMIC EFFECTS

The strongest line of evidence for selecting a pharmacologically responsive
species will be the demonstration of similar pharmacodynamic effect across
species, utilizing molecular markers reflective of the test article response. In
cases where there is a known molecular marker of the test article effect in
humans, illustration of a similar change in that marker in nonclinical species
under consideration lends confidence to the selection of that species. This is
particularly true if the marker is related to the mechanism of action (MOA).
For novel molecules, markers of effect on the pathway could serve to demon-
strate the desired effect (or lack thereof) of the novel molecule in species
under evaluation for relevance. Apart from serving as reporters of the bio-
pharmaceutical’s activity to aid in species selection, pharmacodynamic markers
also may assist in optimizing dose and frequency of administration, and in the
understanding of the relationship between exposure (pharmacokinetics) and
efficacy or safety.

One example in which clinical markers of exposure to a specific cytokine
have been well studied is the upregulation of interferon-responsive genes and
proteins upon administration of interferon- (IFN). Clinical studies have
demonstrated that serum neopterin levels (among others) are induced three-
to fivefold by administration of interferon-p preparations, with a peak level
reached at 24 to 48 hours after treatment [1,2,3]. A similar upregulation, in
terms of both fold induction and timing of the induction, has also been observed
in rhesus macaques (Figure 9.2). Neopterin, a catabolic product of guanosine
triphosphate, is synthesized by macrophages upon stimulation by interferons,
and is a marker of activation of cellular immunity. Based on the in vivo phar-
macodynamic activity data, the rhesus monkey is considered an appropriate
pharmacologically responsive species for toxicological evaluation of IFNp.

Another molecular marker reflective of the pharmacological mode of the
biopharmaceutical’s action, and one that translated from rodent models to
nonhuman primates and humans, was the reduction in the level of circulating
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Figure 9.2 Induction of neopterin by administration of interferon-f to rhesus
macaques. Mean neopterin concentration after a single dose administration of inter-
feron-f in rhesus monkeys. Concentration over time profile plotted from animals
treated IM (closed circles) or SC (open circles). MU = megaunits (=5mcg/kg)

peripheral blood lymphocytes after administration of an immunoglobulin
fusion protein. The fusion protein was designed to bind to a cell surface recep-
tor expressed on lymphocytes and co-engage Fc, receptors expressed on
antigen-presenting cells. The proposed mode of action of the therapeutic was
the lysis of test article-bound target cells through the mediation of antibody-
dependent cellular cytotoxicity like reaction by Fc, receptor-expressing cells.

In a chronic toxicity study conducted in 36 naive cynomolgus monkeys, the
test article was administered weekly via intravenous injection for 12 months.
The study comprised one control group and two test article-treated groups.
Peripheral blood from the study animals was subject to flow cytometry analysis
to determine the lymphocyte levels (counts/ul) in dosed animals compared to
baseline. The percent change from pre-dose baseline and range for absolute
lymphocytes and T cell subsets at week 52 are shown in Table 9.1. The absolute
lymphocyte counts as well as counts of T cell subsets including CD2*, CD3*,
CD4*, and CD8"' T cells were reduced in a dose-dependent manner following
the administration of the test article, confirming test article exposure as well
as pharmacologic activity.

The effect of a single course of weekly test article or placebo treatment was
then studied in the patient population for a period of 12 weeks. The data on
circulating lymphocyte levels were aggregated for the treatment group and
compared to the placebo. Both groups had comparable total lymphocyte
counts at baseline. There was approximately 39% reduction in total lympho-
cyte counts in the test article treated group over the course of treatment,
although total lymphocyte count remained above the lower limit of normal
throughout this time. The placebo group showed a stable profile over time
(Figure 9.3).
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TABLE 9.1 Mean reductions (range) in lymphocytes and T cell subsets in
cynomolgus monkeys

Total CD2*T CD3"T CD4" T CD8"'T
Dose Group Lymphs (%)  Cells (%)  Cells (%) Cells (%)  Cells (%)
Saline +34 +38 +43 +42 +48
(-6to +187)  (-3to (-12 to (-15 to (-8 to
+163) +176) +175) +171)
Test article 21 27 -35 —40 -28
dose level-1 ~ (—69 to +35) (=80 to (-82 to (-85to (-80 to
+69) +66) +52) +88)
Test article —46 -63 =75 -85 —64
dose level-2  (—66 to —15) (=79 to (-94 to (-98 to (-89 to
-41) -31) —34) =27)
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Figure 9.3 Mean total lymphocyte count after one course of treatment. Peripheral
blood was collected from individuals administered test article (circles) or placebo
(squares) on a weekly basis, and subject to flow cytometry analysis to determine mean
lymphocyte counts. A standard panel of fluorochrome-conjugated antibodies was used
to identify the various lymphocyte sub populations. The solid bar indicates the dosing
interval.

Figure 9.4a and 9.4b provides a detailed analysis of the test article’s effect
on the CD4 and CD8 T lymphocyte populations, respectively. The CD4 counts
showed a 47% reduction from baseline in the treatment group (circles, Figure
9.4a) and the CDS8 counts showed a 53% reduction from baseline in the treat-
ment group (circles, Figure 9.4b). The placebo group (squares, Figure 9.4a and
9.4b) showed a stable profile over time.

Opverall, the pharmacodynamic effects of the test article exposure were
qualitatively consistent between the cynomolgus monkeys and humans, con-
firming the similarity in the pharmacological activity of the test article.
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Figure 9.4 Mean T cell count after one course of treatment. Peripheral blood was
collected from individuals administered test article (circles) or placebo (squares) on a
weekly basis and stained for the presence of CD4 (a) or CD8 (b) lymphocytes using
specific antibodies conjugated to fluorochromes. Samples were then analyzed on the
flow cytometer to determine mean relative counts of each subpopulation of cells. The
solid bar indicates the dosing interval.

9.3 EX VIVO BIOLOGICAL EFFECT

The practice of demonstrating functional activity of the therapeutic in the
selected species is critical, as binding to the desired target does not always
translate to functional receptor activation. Since the toxicity observed with
biopharmaceuticals is most likely due to exaggerated pharmacology, it is nec-
essary to confirm that the downstream effects observed upon binding of the
test article to the target proteins are similar between humans and the selected
species. For example, if the test article stimulates activation of subsets of T
lymphocytes in humans with a specific activation profile, it is important that
this function is conserved in the species selected for performing toxicology
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studies. Similarly a test article such as an immunoglobulin fusion protein may
mediate antibody-dependent cellular cytotoxicity (ADCC) or complement-
dependent cytotoxicity (CDC). Such activities can impact the overall toxicol-
ogy assessments as they may be integrally linked to the MOA of the therapeutic.
For well-characterized targets, information on their function in different
species may be readily available in the literature. If the target protein is novel,
however, its function will have to be characterized in pharmacology studies to
determine the key biochemical drivers for test article activity.

9.3.1 Fixed Endpoint Assays

Endpoint assays such as proliferation or cytotoxicity assays are routinely used
for functional assessments. For these assessments, primary cells, transformed
cells, or cells transfected with the target receptor are exposed to range of
concentrations of the test article. Proliferation or cytoxicity is then measured
using a variety of methods such as crystal violet vital dye staining, MTT/MTS
incorporation, or a luminescence readout like ATP lite. In addition, assays that
analyze phosphorylation of specific transcription factors, or release of specific
cytokines and chemokines, are also common. Figure 9.5 illustrates the measure
of functional consequences of receptor—test article interaction by quantifying
cytokine release. Cells from the species under evaluation were cultured in
the presence of serial dilutions of the test article or control reagents, and
supernatants harvested for determination of cytokine levels by ELISA (i.e.,
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Figure 9.5 Inhibition of cytokine release in mouse and human cells. Mouse cells (a)
and human cells (b) were stimulated in vitro with an antireceptor antibody and cyto-
kine release was measured in the supernatant (in pg per million cells). Cytokine release
was quantified in the supernatants of unactivated cells (bar 1), activated cells without
biopharmaceutical Y (bar 2), and activated cells incubated with biopharmaceutical Y
at 5 pug/ml (bar 3) or 10 ug/ml (bar 4). As a negative control, cells were exposed to an
irrelevant fusion protein (bar 5).
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enzyme-linked immunosorbent assay). Human and mouse cells were activated
by cross-linking the receptor of interest using a specific antibody in the pres-
ence or absence of the test article, biopharmaceutical Y. Spontaneous cytokine
release from unactivated cells was very low (Figure 9.5¢ and 9.5b, bar 1). In
the absence of biopharmaceutical Y, stimulation of mouse and human cells
resulted in the release of an expected cytokine (Figure 9.5a and 9.5b, bar 2).
In the presence of biopharmaceutical Y, the production of the cytokine was
strongly inhibited in both human and mouse cells (Figure 9.5a, bar 3 and 4;
Figure 9.5b, bar 4). Release of the cytokine, however, was not inhibited when
an irrelevant protein was used (Figure 9.5a, bar 5). Although the amounts of
cytokine released by the human and mouse cells were substantially different,
the inhibitory effect of biopharmaceutical Y was similar between the cell types.
These results indicated that the test article was equally effective in blocking
cytokine release mediated by target receptor activation in vitro in mouse and
human cells.

9.3.2 Signaling Assays

Another approach to studying the similarities and differences in the pharma-
cology of the test article in species of interest involves the characterization of
the signaling cascade downstream of the protein of interest. Signaling experi-
ments, albeit more challenging, have the advantage of providing more clarity
on the putative MOA of the test article. Binding of the test article to the target
receptor may result in activation of kinases or other key transcription factors.
In the example shown in Figure 9.6, the ability of biopharmaceutical Y to block
signaling mediated through the target receptor was studied. Activation of the
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Figure 9.6 Effect of a fusion protein on ERK phosphorylation in activated mouse
and human cells. Mouse bone marrow cells (a) and human cord blood cells (b) were
activated with antireceptor Ab for 5, 10, and 15 minutes, lysed, and the total proteins
loaded on a SDS-Page gel. After transfer to a membrane, ERK phosphorylation was
detected using antibodies specific for the phosphorylated (active, P-ERK) form of ERK
(upper blots). As a control for the amount of ERK in the samples, antibodies specific
for total ERK (activated and nonactivated forms) were used (lower blots). Unstimu-
lated cells untreated (lane 1) and treated with biopharmaceutical Y (lane 2) were used
as controls. Cells were activated for 5 minutes (lanes 3, 4), 10 minutes (lanes 5, 6),
or 15 minutes (lanes 7, 8) in the absence (lanes 3, 5, 7) or presence (lanes 4, 6, 8) of
biopharmaceutical Y.
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kinase protein ERK by phosphorylation was determined after stimulation of
mouse and human cells. Presence of phosphorylated ERK and total ERK
(phosphorylated and unphosphorylated) was detected using specific antibod-
ies. As shown below, ERK phosphorylation was low in unstimulated mouse
and human cells (Figure 9.6a and 9.6b,1lane 1). Upon activation with antirecep-
tor antibodies in the absence of biopharmaceutical Y, ERK phosphorylation
was induced (Figure 9.6a and 9.6b, lanes 3, 5, 7). Pre-incubation of cells with
the test article decreased activation-mediated phosphorylation of ERK at all
time points in mouse and human cells (Figure 9.6a and 9.6b, lanes 4, 6, 8 com-
pared to lanes 3, 5, 7 respectively).

Collectively, the results from the functional experiments illustrated in
Figures 9.5 and 9.6 suggested that from a pharmacological perspective, the
mouse was a relevant species for evaluating the toxicity of the test article.

9.4 PRESENCE AND DISTRIBUTION OF RECEPTOR IN
PREDICTED TISSUES

In the area of relevant species identification, the objectives of immuno-
histochemistry and tissue-binding studies (often referred to as tissue cross-
reactivity studies) are to evaluate the relevance of a given species for use in
toxicity studies with a biopharmaceutical and to identify expected and unex-
pected tissue binding of therapeutics in human and animal tissues.
Immunohistochemical methods can be used to evaluate the tissue distribu-
tion of the biopharmaceutical’s target(s) or the tissue distribution of other
relevant molecular components of a targeted biochemical pathway. A com-
parison of the distribution of these molecules between possible test species
and humans often provides valuable information on the similarities or differ-
ences of tissue expression of molecules targeted by the test article between
the queried species. The general expectation is to perform tissue cross-
reactivity studies prior to human exposure to the new therapeutic. The purpose
of these studies is to demonstrate, to the extent possible, what tissues and cells
the intact biopharmaceutical binds to. Since monoclonal antibodies and other
molecules containing an Fc region or additional binding sites may bind to
more than one target, these experiments report localization of the test article
to a tissue or cell irrespective of the known or expected binding mechanism.
For therapeutic antibodies, the FDA recommends a comprehensive tissue
cross-reactivity evaluation as defined in Points to Consider in the Manufacture
and Testing of Monoclonal Antibody Products for Human Use (Docket No.
94D-0259). This document recommends conducting immunohistochemistry
analysis at two antibody dilutions across triplicate specimens of approximately
32 frozen human tissue types (collected from three unrelated donors) for the
therapeutic antibody and its isotype control. An analogous study is conducted
in parallel in tissues from various animal species (two or three unrelated
donors) for additional justification of the relevance of the toxicity species.
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While this has been standard practice for a number of years, product develop-
ers have recently started questioning the relevance and utility of these types
of studies for predicting human safety.

When test articles are chimeric, humanized, or fully human antibodies, three
different staining methods can be used. These include avidin-biotin complex
(when the test article is biotinylated), direct labeling of test article with fluo-
rochromes such as fluorescein isothiocyanate (FITC) or rhodamine, or pre-
complexing the unlabeled test article with a labeled antihuman IgG. The latter
method is most often used, as it allows secondary signal amplification by a
variety of methods and, by precomplexing, avoids nonspecific binding of the
secondary antihuman antibody to human antibodies that are present in the
evaluated human tissue sections. It is also performed in instances where con-
jugation of biotin or a fluorochrome onto the test article could alter its affinity
for the protein of interest. Even though this additional step often increases
the backgound staining, the indirect approach has the advantage of amplifying
the signal, and is therefore valuable when expression of the target protein is
expected to be relatively low in tissues of interest.

For all test articles an isotype control antibody labeled in a similar fashion
must be included to demonstrate specificity of staining observed with the test
article. As with any assay procedure, both positive (containing cell types tha