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Preface

Non-clinical drug safety evaluation is the assessment of the safety profile of therapeutic
agents through the conduct of laboratory studies in #» vitro systems and in animals. The
main objectives of drug safety evaluation studies are to differentiate between new drug
entities that are unacceptably toxic and those that are not, characterize the potential
adverse effects of new drugs, determine animal dosage levels that do not cause toxicity,
and to estimate safe dosages to be used in clinical studies. Several types of studies are con-
ducted in drug safety evaluation: acute to chronic general toxicity studies, reproductive
toxicity studies, genotoxicity studies, carcinogenicity studies, safety pharmacology studies,
and investigative toxicity studies.

General toxicity studies are usually performed in a rodent and in a nonrodent species
to determine target organs of toxicity and evaluate doses of a new drug candidate that can
be safely administered to man. In this book, specific aspects related to the experimental
design of toxicity studies conducted to support drug combinations in humans and pediat-
ric indications are described in the reviews of Chaps. 1 and 2, respectively. In general toxic-
ity studies, the key traditional endpoints evaluated include clinical signs, clinical pathology
parameters, along with macroscopic examination of organs at necropsy and light micro-
scopic examination of a comprehensive list of tissues. Chapter 3 details the necropsy and
sampling procedures used in rodents, and Chap.4 highlights the histopathology proce-
dures from tissue sampling to histopathological evaluation. Chapters 5 and 6 describe
additional methods, such as immunohistochemistry, tissue microarrays, and digital image
analysis, which can be used to complete and refine the traditional histopathological exami-
nation of organs.

Genotoxicity studies are carried out to evaluate the potential of new drug candidates
to induce mutations and/or chromosomal damages. Chapter 7 presents the method of
the micronucleus assay and its combination with centromeric labeling in the fluorescence
in situ hybridization (FISH) technique to detect aneugenic events. Chapter 8 describes
the comet assay, a sensitive electrophoretic method for measuring DNA strand breaks at
the level of single cells, together with the use of bacterial repair endonucleases to detect
specific DNA lesions.

Safety pharmacology studies are conducted to evaluate the effect of compounds on
the cardiovascular, respiratory, and central nervous system functions before the first admin-
istration to humans. Chapter 9 describes a manual patch-clamp technique used to study
the effect of compounds on the HERG cardiac K* channel in order to evaluate the poten-
tial to induce “torsades de pointe”, an arrhythmic disorder that can be fatal in humans.

When unexpected toxicity arises during these studies, it is important to investigate the
mechanisms of toxicity and assess the potential translation to humans. Traditional histo-
pathological examination of target organs and clinical pathology parameters are some-
times in default, and novel ‘omics technologies, such as transcriptomics, proteomics, and
metabonomics could allow to generate new hypotheses on the mechanisms of toxicity.
Detailed protocols related to these ‘omics technologies are presented in Chaps. 10-12.
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Of note, the gene expression results obtained via transcriptomics experiments need to be
confirmed by quantitative RT-PCR. However, accurate interpretation cannot be per-
formed without proper statistical analysis of RT-PCR data. Chapter 13 examines some of
the issues concerning RT-PCR experiments that would benefit from rigorous statistical
treatment.

In vitro functional assays can be used to elucidate mechanisms of toxicity in the con-
text of drug safety evaluation. Chapter 14 describes an in vitro assay used to evaluate the
effect of compounds on the mitochondrial respiration chain in cultured rat hepatocytes.
Mitochondrial dysfunction is indeed a major mechanism, whereby drugs can induce liver
injury and other serious side effects, such as lactic acidosis and rhabdomyolysis, in some
patients. In pitro assays can also be used during the early phase of drug development to
screen compounds for their potential to induce developmental toxicity. This is illustrated
with the Fetax and the zebrafish models in Chaps. 15 and 16, respectively. Drug-induced
toxicity is often associated with the formation of reactive metabolites that bind covalently
to proteins. Chapter 17 describes in pitro assays used at the lead optimization stage of
drug discovery to evaluate the potential of drug candidates to bind covalently to proteins
by incubating a radiolabeled analog of the compound with liver microsomal preparations
or whole cells. Sophisticated mass spectrometry-based methods can also be used to iden-
tify chemical-adducted proteins both iz vitro and 2n véve. This is illustrated with specific
examples in Chaps.18-21.

Another developing field in drug safety evaluation is the identification and qualifica-
tion of novel safety biomarkers that can be used to better monitor potential toxicity in
both preclinical and clinical studies. Ideally, these new safety biomarkers should be more
sensitive and /or specific than the traditional clinical pathology parameters and should be
measurable in accessible fluids, such as plasma and urine. Chapters 22-24 provide sophis-
ticated methods to discover new safety biomarkers using proteomics and metabonomics
approaches. A protocol to quantify potential protein safety biomarkers by mass spectrom-
etry is also described in Chap.25.

I would like to thank all the contributing authors for providing state-of-the-art proce-
dures, detailed protocols, and tips and tricks to avoid pitfalls. I am grateful to the series
editor, John Walker, for inviting me to edit this volume. The result is a compendium of
analytical technologies, including some review chapters, with a focus on clarity and appli-
cability in real life laboratory practice. The intended audience mainly consists of pharma-
ceutical scientists, toxicologists, biochemists, and molecular biologists, and anyone else
with a specific interest in methods used in drug safety evaluation that could be translated
to other disciplines.

Vitry-sur-Seine, France Jean-Charles Gautier
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Chapter 1

Developing Combination Drugs in Preclinical Studies

Alberto Lodola

Abstract

Although combination drugs have been available for many years, it is only recently that preclinical
guidelines have been released by the Food and Drugs Administration (FDA) and EMEA and as yet they
are not part of the ICH process. In addition, the World Health Organisation and FDA have issued guide-
lines for combination drugs developed specifically to treat HIV infections. Depending on the type of
combination (marketed drug/marketed drug; marketed drug/NME and NME/NME), the scope and
complexity of studies can vary greatly. In all cases, however, a key issue is the potential for pharmacoki-
netic and/or toxicologic interaction between the components. For a marketed drug/marketed drug
combination, a detailed review of the preclinical data available may suffice; particularly when the compo-
nents have a history of co-administration at about the same dose and ratio as that of the proposed com-
bination. For a marketed drug/NME combination, in addition to a review of the data for the marketed
drug, a full ICH programme of studies will be required for the NME, and a study of up to 90 days dura-
tion (in one species) for the combination. With an NME/NME combination, each component will
require a full ICH battery of studies and a combination study in one species. In all cases, additional studies
may be needed to address data gaps. Given the many novel and complex issues that arise when developing
combination drugs, we recommend that, whenever possible, the preclinical study strategy is discussed
with the regulatory authorities.

Key words: Combination drugs, Regulatory guidelines, Preclinical issues, Study design, Dose selection,
Development strategies

1. Introduction

The US Food and Drugs Administration (FDA) defines
“Combination Drugs” (1) as follows:

*  Co-packaged products (two or more separate drugs packaged
together);

e Adjunctive therapy (when a second drug is used together
with the drug for primary treatment);

Jean-Charles Gautier (ed.), Drug Safety Evaluation: Methods and Protocols, Methods in Molecular Biology, vol. 691,
DOI 10.1007/978-1-60761-849-2_1, © Springer Science+Business Media, LLC 2011
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e  Fixed dose combinations (two or more drugs combined in a
single pill).

These drugs should not be confused with “Combination
Products” which are defined in 21 CFR3.2(¢) (2). A brief descrip-
tion of the development of “combination products” has been
provided by Segal (3) and Portnoy and Koepke (4).

In this chapter, we discuss the preclinical development of
“combination drugs.” These drugs have been available in our
pharmacies for many years; for example in 1975 in West Germany
greater than two-thirds of the drugs on the official list were fixed
combinations (5). In 1982 it was reported that about half
of all marketed drugs in the USA were fixed combinations (6).
Combination drugs are used in the treatment of a range of ill-
nesses (7-10). Their major disadvantage is that neither the dose
nor the ratio of the individual components can be varied by the
physician. However, for patients on multiple medication, a com-
bination drug simplifies treatment and hence compliance, given
that fewer pills are taken there may also be a cost advantage (11).
Combination therapy may also be more effective than monother-
apy or have an improved safety profile. In Stage-I or -II hyperten-
sion, monotherapy may only produce a modest effect on blood
pressure while a combination drug can produce a more significant
reduction, given that each component blocks different effector
pathways. Similarly, the incidence of peripheral oedema, linked to
the use of calcium channel antagonist therapy, is reduced when
co-administered with an ACE inhibitor (7).

2. Regulatory
Guidance

2.1. Guidance
for Monotherapy
Development

The “International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human
Use” (ICH) (12) has defined the preclinical data requirements
for monotherapy development. These requirements are an essen-
tial backcloth when assessing the preclinical needs for combina-
tion drug development.

Current guidance for monotherapy development is described in a
range of guidelines (12) which are detailed in Table 1. In addition
to data from these studies, “special studies,” developed in the
light of the emerging preclinical and clinical data, may also be
needed to address specific issues. The relevance of these docu-
ments to combination drug development is twofold. First, for
marketed drugs they are the reference against which the preclini-
cal data for the marketed drug, often produced pre-ICH, are
judged. Second, they define the studies and data needed for the



2.2. Guidance
for Combination Drug
Development

Table 1

Developing Combination Drugs in Preclinical Studies 5

List of current preclinical guidance documents available for
the development of monotherapies (12)

ICH gumelme Topic

S1A
S1B

SIC(RI) |

$2A
S2B
S3A
S3B

ICH
Sl

S5(R2)
S6
S7A

S7B

S8

M3(R2)

" Need for carcinogenicity studies of pharmaceuticals

Testing for carcinogenicity of pharmaceuticals

' Dose selection for carcmogemcny studles of pharma-

ccuncals and limit dose

Guidance on specific aspects of regulatory genotoxicity
tests for pharmaceuticals

Genotoxuzlty a standard battery for genotoxxmty testing
of pharmaceuticals :

Note for guidance on toxicokinetics: the assessment of
systemic exposure in toxicity studies

- Pharmacokinetics: guidance for repeated dose tissue

distribution studies
Single dose toxicity tests

Duration of chronic toxicity testing in animals (rodent
and non-rodent toxicity testing)

Detection of toxicity to reproduction for medicinal
products and toxicity to male fertility

 Preclinical safety cvaluatlon of b10tcchnology~dcnvcd

pharmaceuticals
Safety Pharmacology studies for human pharmaceuticals

The non-clinical evaluation of the potcﬁué.l for delayed
ventricular rcpolansatxon (QT Interval prolongation)
by human pharmaceuticals

Immunotoxicity studies for human pharmaceuticals

Guidance on Non-Clinical Safety Studies for the
Conduct of Human Clinical Trials and Marketmg

 Authorization for Pharmaceuticals

novel component of a combination drug and guide the choice of
studies with the combination.

Currently guidelines for combination drugs are nationally based
and not part of the ICH process. The FDA provides specific guid-
ance based on the preclinical requirements for three combination
drug scenarios; combinations of marketed drugs, combinations
of marketed drugs and new molecular entities (NME) and com-
binations of NMEs. Data requirements are summarised in Table 2.
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In general, for marketed drugs, and if the components have a
history of concomitant use at about the projected ratio little, or
no, preclinical work is needed. For combinations involving NMEs,
a full ICH package of studies is needed for the NME (see

Subheading 2.1) and additional studies with the combination.

Table 2

Summary of the key points from the FDA Guidance for Industry (2006)
Nonclinical Safety Evaluation of Drug or Biologic Combinations (1) for

combinations involving NMEs

Combination type
MD/MB +NME NME + NME Comment
 Onthe NME  Onthe NME  Not required for MD/MB if
R R I  data consistent with modcm
A ! i rcquxremcnts i
~ Combination  Combination  Generally not required
PK/ADME and On the NME ~ On the NME  Per ICH-M3 and /or ICH-S6
toxicokinetics Combination  If same target organ/system
‘Safety  OntheNME  Onthe NME  Per ICH-M3 and/or ICH-S6
pharmacology Combmatlon I Combmanon  If same rarget organ/system
General toxicology Onthe NME  Onthe NME  Per ICH-M3 and/or ICH-S6
Combination ~ Combination

Reproductlv and devclopment toxicology

On the NME

Study of up to 90-days duration

Per ICH-M3

Fertility (Study 1) On the NME
Implantation/early On the NME  Onthe NME  Per ICH-M3
dcvclopmcn
Onthe NME  Onthe NME  Per ICH T :
| ion  Combination Unl¢ss the MD or NME is
~ pregnancy catcgory “D”
I i il o2 el CblE e
Carcinogenicity On the NME  On the NME Gcnerally not nceded for the
combination if NMEs tested
Animal modcls of  Generallynot  Generally not ‘
cfﬁcacy needed needed

Further studies As required to

As required to

address data address data
gaps/specific  gaps/specific
issues issues

Abbreviations: MD marketed drugs, MB marketed biologics, NME new molecular entity



