DRUG DISCOVERY/ DEVELOPMENT & DELIVERY

Straightforward or Challenging?

Why It Matters Where You
Place DM&PK Studies

Medical research has been a
major underlying factor leading to
the dramatic reduction in overall
morbidity and mortality in the 20"
century. In his book, The Devil Under
the Microscope,! Thomas Hagar
describes the discovery of sulfa drugs
and the first observations of the effects
of Penicillium fungi on bacteria. These
discoveries had an immediate and
dramatic impact on alleviating human
suffering and are clear examples of
what Carl Sagan meant by his often
quoted remark, “Science delivers the
goods.” It's why we are passionate
about what we do. The synthesis of
the sulfa drugs, followed closely by
the discovery of penicillin, changed
everything, and one can say these
marked the beginning of modern drug
discovery research.

The science of
pharmacology, is divided
into two distinct, separate but
interactive domains: dynamics
and kinetics. Pharmacodynamics
(toxicodynamics) or PD (TD) is the
study of the effects of xenobiotics
(drugs; foreign substances) on
the body; pharmacokinetics
(toxicokinetics) or PK (TK) is the
study of the effects of the body on the
xenobiotic, or the study of the sojourn
of drug molecules through and out of
the body.

In Goodman & Gilman’s
The  Pharmacological Basis of
Therapeutics, Leslie Benet defines

drugs,

pharmacokinetics as  including
concentration-time Kinetic
relationships, chemical reaction

kinetics and biotransformation, and
the formation of drug metabolites.?
PK and PD are key components of
the scientific discipline of preclinical
drug discovery and development,
which can be described as a risk
assessment process whereby data
obtained in preclinical studies are

50 INTERNATIONAL PHARMACEUTICAL INDUSTRY

used to estimate the usefulness of

some agent in preventing, curing, or

slowing the progression of human
diseases.

Regulatory agencies require that
a preclinical phase of research
be conducted before studies in
humans may proceed. A preclinical
drug registration plan is formulated,
and although it will vary according
to differences in programs and
therapeutic areas, it will always have
drug safety and proof-of-efficacy
components. Safety data (the study of
the relationship of exposure to toxicity)
allow for calculating a safety margin
in preclinical studies and ultimately,
the early estimation of a Therapeutic
Index in humans.

Simultaneous to safety evaluation,
the study of absorption, distribution,
metabolism, and excretion (ADME
properties) is central to finding new,
safe, and effective drugs. The role of a
competent preclinical PK programme
in modern drug registration is clear:
Clinical failure as a result of PK
issues in man can be dramatically
reduced. The critical issues to assess
can be divided into two conceptual
areas:

1. Does the compound exhibit drug-
like pharmacokinetic properties
(does it “look like a drug”)?

2. Does the compound have
properties that will cause safety
concerns in man?

For example, clearance and
bioavailability are important
considerations in the first instance
while toxicity related to ADME, such
as drug-drug interactions (DDIs) and
metabolism-related idiosyncratic
drug reactions are the important
considerations in  the second
instance.*®

Four fundamental PK questions must
be considered:

1. What are the physico-chemical
properties of the drug molecule?

2. What are the kinetics of movement
of the drug (metabolite) through
tissues and fluids (concentration-
time data)?

3. Whatarethedynamics ofinteraction
of the drug with proteins, nucleic
acids, etc., that influence PK?

4. How hasthe body changedthe drug;
what is the metabolism of the drug
qualitatively and quantitatively?

Most preclinical PK studies are
straightforward, and include physio-
chemical measurements, the
determination of pharmacokinetic
parameters  following intravenous
and oral administration, and DDI
estimation involving cytochrome P450
(CYPs). The commercial availability
of human-derived cells, subcellular
fractions, and enzymes with greater
knowledge of optimum conditions has
streamlined the determination of drug
interaction with CYPs, transporters,
and other proteins. The combination
of modern liquid chromatography-
mass spectrometry (LC-MS) interfaces
with tandem quadrupole analysers
has greatly simplified the quantitative
analysis of drugs in plasma for PK
studies.

One area that still presents unique
challenges is determining the
metabolic profile of drug candidates.
Related issues include determining

the role of drug metabolism
and enteroheptic  circulation in
drug pharmacokinetics, and the

appropriateness of preclinical species
in assessing the safety of drug
metabolites observed in man. Other
examples in preclinical and clinical

PK research that require greater
expertise are “problem” molecules
where physio-chemical properties

(e.g., low water solubility) complicate
the determination of Ki and I1C%° values
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for CYP interactions and protein
binding. These situations require an
experienced DM&PK scientific staff.

One area of DM&PK service that
is by definition “non-routine” and not
offered by most CROs is full structural
characterisation of drug metabolites.
For most situations, drug metabolite
structure characterisation up to the
new drug application (NDA) is partial
characterisation. Our scientific staff
is experienced with full (definitive)
structural characterisation of drug
metabolites that is required for
significant drug metabolites at the
NDA filing.

As an example of variability in

the “degree of difficulty” from the

metabolism  perspective, consider

tirilazad and diclofenac (Figure 1):

* Tirilazad has acomplex structure with
two distinct domains and exhibits
highly complex biotransformation
with over 50 metabolites observed
in preclinical species and man.

* Diclofenac has a simple structure -
two chlorines that greatly facilitate
identification of metabolites by
mass spectrometry and exhibits
relatively simple biotransformation
with aryl-hydroxylation and
Phase | conjugation constituting the
majority of the biotransformations
in preclinical species and man.
Characterisation of the major
metabolites for these two molecules
represents two vastly different
degrees of difficulty.

Figure 1. The structures of diclofenac
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Tirilazad
and tirilazad.
Another area of non-routine

assessment of drug metabolism is
the use of radiolabelled compounds
to study formation of reactive drug
metabolites and the formation of
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covalent bonds of reactive metabolites
with macromolecules in vivo and in
vitro.

Assessing the exposure to drug

metabolism in preclinical species
relative to exposure in man is
crucial and requires expertise to
accomplish. The FDA has mandated
that regulatory documents must
clearly demonstrate preclinical safety
data for significant drug metabolites
to satisfy the Metabolites in Safety
Testing (MIST) Guidelines. Drug
metabolites that represent 10% or
greater exposure relative to the parent
drug in man must also demonstrate
a similar exposure level in rodent
and non-rodent preclinical toxicology
species. In other words, if the
exposure in preclinical species is not
similar to what was observed in man,
then separate, additional toxicology
studies must be performed for these
compounds  (drug  metabolites),
resulting in considerable delay and
expense. Thus, MIST guidelines are
extremely important.

MPI Research DM&PK scientists
are highly experienced in the area of
biotransformation and the supporting
technology of mass spectrometry,
including
* Techniques to  evaluate the

risk of exposure to metabolites

quantitatively in accordance with
the MIST guidelines

*Techniques described in the
literature

* The development of novel
approaches

One complicating issue in assessing
exposure to drug metabolites is that
standards usually do not exist. This is
further complicated by the fact that in
the absence of authentic standards
for drug metabolites, quantitative
statements cannot be made
concerning exposure (the relative
response factor for each metabolite is
unknown).

One way to circumvent this situation
is to directly compare the responses
observed for parent drug and
metabolites observed in the plasma of
preclinical species with the responses
observed for the parent drug and drug
metabolites in the plasma of man.
For example, a pooling and sample-
combining technique was recently
described by the DM&PK group at
Merck Research Laboratories.® In this
clever approach that compensates
for analytical differences between
species, plasma samples are pooled
and analysed separately and as a
combination.

Comparison of plasma samples
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obtained from preclinical toxicology
studies with human plasma samples
will assess if exposure to metabolites
was similar and, thus, whether the
safety of drug metabolites was
adequately tested in the preclinical
species. MPI Research high-resolution
mass spectrometry instrumentation
is ideally suited for comparing the
exposure of drug metabolites in
preclinical species to the exposure in
man to get an estimate of risk, so that
MIST risk is quickly assessed.

Various approaches have been
taken to assess exposure to drug
metabolites in preclinical species and
in man. One complex and expensive
approach is to dose humans with
trace doses of ['“C]-labelled drug in
combination with either microdoses
or normal doses of non-labelled
drug. Historically the analysis is then
accomplished using LC and fraction
collection combined with accelerator
mass spectrometry (AMS) to determine
the exposure to drug metabolites. The
drawback to this approach is that the
analyte is carbon-14 and the method
does not provide information about
the nature of the metabolites.

We have been exploring “better”

ways to accurately determine
exposure, and recently described
a generic high resolution isotope

dilution (HRID) MS method employing
in vitro metabolism of isotope
labelled compounds. We applied this
approach to the quantitative analysis
of drug metabolites in plasma, using
diclofenac and testosterone as test
compounds. We observed that HRID
with metabolism of an isotope-labelled
compound reduces the number of
analytical  variables considerably,
representing a simpler alternative
quantitative method compared
with  traditional approaches. This
method may be a useful approach
for addressing issues in the MIST
guidelines.™

High  resolution LC-MS has
changed what is possible in qualitative
and quantitative analysis for drug
metabolic  profiles. Our primary
instrumentation for addressing
metabolism issues is a modern
Thermo LTQ Orbitrap Discovery
High Resolution Mass Spectrometer.
This instrumentation enables us to
determine the elemental composition
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of drug metabolites, applying the
most modern techniques to establish
the drug metabolic profile.

MPI Research enjoys an
excellent reputation in the industry
for supporting preclinical safety
assessment efforts for drug
registration and has contributed to the
successful registration of numerous
drugs, biologics, and medical
devices. The points described herein
make it very clear that it does matter
where you place your DM&PK studies.
MPI Research has the equipment,
the facilities, and the experienced,
talented staff to address the most
difficult of DM&PK issues.
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