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For the safety evaluation of a potential therapewtc agent,
the toxicologic program is a uniquely designed specific study to
piedict potential adverse effects in humans. Biotechnology
drugs, peptides, and proteins, are fundamentally different from
traditional small molecules, and they often cannot substantively
be tested in laboratory aminals using traditional techmiques and
packages. For these agents a scientifically based. * case-by-
case” approach to the safety cvaluation is preferred for
the past few years, efforts by world-wide regulatory agencics and
pharmacentical industries have teen made to promote
international harmomzaticn of regulatory requirements, in seeking
the establishment of scientifically based drug testing procedures
for the drug development

In the 1980s. many peptide and protein therapeutic agents
such as. colony stimulating factors. interferons, and human
growth hormone are produced by the rcombinant DNA
technology and other biological means. Due to the nature of
manufacturing these products, impurities are unfortunately known
to present toxic poteptial . Recently this advanced techmology has
greatly improved the purity of peptides and proeins, thus has
decreased both the immmunogenicity and antigenicity problems.
These drugs used for the treatment of disecases need to be
efficacious and safe.

It is important to recognize that the therapeutic agents are
designed to be pharmacological active. These drugs given at
exaggerated pharmacological activity'”” . A full understanding of
the mexie of pharmacological activity is essential prior to design
toxicologic smdies. The recent advances in molecular biokogy
helped to understand the basic mechanism of cellular regulatory
processes and provided objective basis for the extrapolation of
animal data to man.

Objectives of preclinical safety test

The objectives of the preclinical drug safety evaluation are
to support the initation of clinical mials in human and to
determine a human rsk-benefit ratio which is acceptable for the
drug’s intenxded therapeutical use(s}: (1) to delineate the defined
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toxic of adverse effects in animals; @ to evaluate the functional ,
biochemical. and morphological changes: (3 to support clinical
studies with minimal risk; @) to ensure the safe use in human.
To successfully register a drug. the safety of the product
must be demonstrated in both preclinical and clinical studies.

Global requirements for peptide and protein product
registration

The regulations regarding the requirements for product
registration issued by various agencies are influenced by the
legistrative background of the countries concemed, which
resulted in many differences from many coumtries. 1o many
instances, health avthorities from various countries will differ in
their approaches of preclinical drug safety stxdies. The final
decision-making process may not rely solely on the best scientific
judgment. bat often may involve in political, social, and
econcmic concerns.  Also most studies will not be performed
without the exact dose, route, and schedule selected for clinical
use, or withowt knowledge of the mode of action, the
characteristics of the receptor, and the pharmacokinetic profile of
the human patient vs the test species. Thus, preclinical
toxicologic dara may have to be interpreted with caution, And
later, it may tum out that the animal toxicily data generated was
not germane to the clinical situation.  Guidelines and regulatory
requirernents need to be changed as our kmowledge of science and

Regulatory safety test

The major objective of regulatory agency is to emsure the
benefits of the drug cutweigh their adverse effects. Regulatory
agencies publish drog testing puidelines and/or data requirements
for condocting preclinical and clinical studies to get new drog
approval. However, these efforts are often duplicated and give
rise the unnecessary repetition of studies.

Receatly, the Intemational Conference on Hanmmonization
{ICH) of technical requirements for registration of
pharmacenticals for human wse is a umique project that brings
various regulatory authorities and experts together to seck means
to develop scientifically based guidelines o ensure the safety and
efficacy of new medicine and t0 eliminate unnecessary duplicative
Tequircments for registration .

The phases of biological product testing do not differ greatly
from the traditional small molecules. 1In additiom. specific
properties of these drugs deserve special considerations, such as
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antibodies are to be detected and analyzed by specific monoclonal
antibody which is normally required to monitor the kinetics and
biodistribution, The potentizl immunogenicity following a single
and repeated administration can affect the drug's efficacy and
safety.

Classification of peptides and proteins for safety test

Three groups of peptdes and proteins prodoced by
biotechnological processes can be identified for the requirerments
of preclinical animal safety studies: (T) peptides and proteins are
identical to those ocowrming natirally: normally require limited
short term preclinical safety test; (2) peptides and proteins are
closely related but contained known difference in amino acid
sequences: Tequire more extensive preclinical safety test; (3
peptides and proteins are unrelated to that of human peptides and
proteins: require preclinical safety testing somewhat similar to
that of small chemical molecules and on a “case-by-case” basis.

Investigative study

The objectives of investigative studies are as follows: T) w
provide eady toxicological and preclinical screens in discovery
phase for preclinical safety studies; (2 1o assist in the design of
prcc]jnimlsafetysndies;@minmtigaiemedmﬁmsof
toxicity; such as unexpected pharmacologic effects, expected
exaggerated phampacological effects, and toxicological effects:
@ to investigate reversibility of acdverse effects: (5 to investigate
relevant preclinical issues

In the past, investigative studies were often initiated to aid
in safety evalation of developing drug candidates at the request
of regulatory authority to understand the mechanisms of toxicity.
Today, many phammaceutical companies have an active group
involved in investigative studies in amimal models not only to
address specific safety issues arising from regulatory toxicologic
and clinical studies, but also extended its function to interact with
preclinic groups at discovery stage in identifying safe drug for
development. This approach would reduce the risk of dropouts
of potential drug candidates duwe to toxicity observed during
regulatory  toxicologic testing amd enhance e chances of
success,  The success of a given toxicologic experiment rests
upon the interpretative skills of cbservers, However, scienific
evidence obizined from mechamistic studies would provide better
assurance of a safer drug.

Design of preclinical safety test

Because biotechnology is a relative new science, its
innovative products arc emerging rapidly for the treatment of
important diseases. The biotech rules are still to be formulated
by various regulatory agencies including FDA.  All agencies are
now in agreement with developing scientifically  justified
biotechnology guideline rather than inflexible requirements for
preclinical safety test. The design depended upon the intended

clinical indication of the biclogical product. Animal species.
dosage levels, rouwte and duration of tested compound
acministration are usually based on the pharmacologic activity
and the intended dose in human. The lowest dose is usually at a
proposed human dose or higher. For the highest dose, a
maximum of I00 times the proposed human dose is generally
considered more than adequate to demonstrate the safety of the
tested compound in both single and repeated dose administration.

Preclinical safety test of recombinant peptides and proteins
shonld be conducted in phammacologic responsive animal models
which will generate useful and meaningful data relevam to safety
assessment in bumans, It is generally desirable to vse the same
species of animals as in pharmacologic studies which will allow
interpretation  of potential adverse effects defived from
exaggerated phammacologic response and systeimic toxicity of the
tested compounds.

Becasue of the genctypic and phenotypic resemblance to
humens, pon-human primates such as hesus, cyno monkeys,
and baboons have often been employed in the ¢rucial efficacy and
safty studies for biotechnology products including vaccines and
antibody agents, neurotrophins. immunomodulators. hormones,
and growth factors'®) |
1 Single dose administration

This shady is to ehicidate toxicity of the test drug in at least
2 resporklent animal species following a single dose treatment.

It was recommended by ICH that requirements for an LDy,
determination in rodents of non-rodents can be replaced by well-
designed dose-tolerance studies in 2 rodents or one rodenr and
one non-rodent species.

For the rodenr smdy, it is important to estimate the dose-
response relationship, wsualty 10 2 and 10 $ are devided inw 5
groups of 2 animals per sex per dose group. One groupof 2 &
and 2 ¥ is served as a vehicle control group. Four groups of 2
% and 2 ¥ will be administered with varied dosage levels of the
test compound at reasonable spaced mulbiiples of human dose.
The study is designed to determine the maximum tolerated andor
toxic dose, if possible.

Arnimals should be observed for onset of toxic signs,
severity, progression, and reversibility of the clinical signs
following dosing. The animals should be observed for at least
14.d4. If necessary, clinical pathology determination should be
considered and histopathologic examinations should be evaluated
on ofgans and Gssues showing macroscopic changes at necropsy.
2 Repeated dose administration

Depended wpon the dumation of treatment in humans, the

length of toxicologic test requirement varies. It is generally
agreed as follows:
Duration of human treatment  Duration of toxicity studies
One single dose 14 d
One week 4 wk
One month 3 months
More than one month 6 — 12 months


http://www.cqvip.com

BIBLID: ISSN 0253-9756

Acta Phanmacologica Sinica T B2 Fi

1998 Mar; 19 (2) - 177 -

For those protein drugs where there is evidence for the
development of neutalizing antibodies resulted in loss of
pharmacologic activities and/or producing undesired antigenicity
response, a more resiricted case-by-case toxicity snadies should
be considered.

2.1 Animal species

The repeatexd toxicity studies are to be conducted in both
rodents and non-rodent species which are respondent animal
species to the tested dmg. A non-human species, eg, rhesus
monkey, is preferred as a choice of non-rodent species.

2.2 Dose selection

A stepwise dose selection approach is recommended for
various duration of studies. Foc example, a dose range finding
study is to evaluate potential toxicity of a test compound in onder
10 select dosage levels for a 28-d safety study. Results obtained
from a 28-d study will help to determine dosage levels for lonper
duration toxicity studies. such as, 3month and 6-month safety
studies. The selection of doses is usually based on: (I the
proposed clinical human dose; (2 pharmacologically effective
dose; (3 pharmacokinetics; (@ results from previous toxicity
sadies.

At least 3 different dose groups shonld be employed. The
lowest dose is usually a human therapeutic dose or higher which
is defined as nom-toxic dose level. The highest dose is a toxic
dose level usually not to exceed 100 times the proposed human
dose. The middle dose is an intermediate level with minimal or
no toxicity .

2.3 Dose range finding study

This is to evaluate possible pharmacological and/or
iomicological Tesponses associated with repeated administration for
apedod of 7 - 14 d and to provide scientific basis for the
selection of dosage levels for a subsequent 28-d toxicity study .

For the dose range finding study, 4 — 6 groups of 5 - 6
animals per sex per group are usually employed in rodent sudy
and 2 animals per sex per group for poo-rodent study. The
duration of a dosc range study varies from 7 - 14 d. A dose
escalation approach is generally recommended for such study to
reduce the number of animals employed.

Animals should be observed for pharmacologic and/or toxic
signs. Plood samples should be collected periodically for
hematology, senmn chemistry, and amtibodies. It is also
important to determine the drug exposure level al various time
intervals during the desing period.

The antibody and/or drug exposure level data may help to
interpret adverse effects of the tested compound in  animal
maodels.

Necropsy should be performed at the termination.
Histologic evaluation should be conducted on major organs and
tissues to identify target organ toxicity .

2.4 Subchronic toxicity studies

This is to evaluate possible potential exaggerated

phamacologic effects and/or undesired toxicity. The duration

varies from 28 — 90 repeated administraton. These studies are
usually designed to define the non-toxic dose, exaggerated
phamacologically effective dose and/or toxic dose. It is
important to identify the target organ toxicity and the reversibility
of the drug-induced toxicity .

These studies are conducted in responsive animal specics.
For rodent studies, 4 groups of 15 4 and 15 ¥ are dosed for 28
or 90 d. Ten animals per sex per group will be terminated at 28
d following drug administration. In order to investigate the
recovery from toxic change the remaining 5 3 and 5 ¥ will be
allowed for 4 — 6 wk recovery period. For non-rodent smdy, 5
% and 5 ¥ are dosed for 28 or 90 d. Three £ and 3 ¥ will
be sacrificed after 28-d dosing and the remaining 2 3 and 2 $
will be allowed for 4 — 6 wk recovery period.

Three different doses of the tested drug and one vehicle
ccntrol will be employed. The low dose usually is the proposed
human therapeutic dose or higher which should not produce any
toxicity,. The high dose shonld produce tomicity and the
interrnediate dose produce minimal or no undesired effects.  The
highest dose should not exceed 100 times the proposed human
dose which would provide good margine of safety for human use.

Animals should be observed for phammacologic and
toxicologic signs and the omset, severity, progression, and the
reversibility of the toxicity. Periodical blood samplss should be
collected for hematology, serum chemistry, antibody, and dmg
exposwre Jevels, Urinalysis should be performed for selected
animais from each gronp. Ophthalmologic examination should
be comuctzd in both rodent and non-rodent species prior to and
after drug administration. Elecric cardiogram should be
performed for the pon-rodent species &t appropriate  tfime
intervals.  All animals shonld be necropsied at the termination.
Histological evaluation should be performed on organs and tissues
of at least the high dose and control groups of rodents and of all
groups of non-rodent species.

2.5 Chronic toxicity studies

The chronic studies are to evaluate polental exagpgerated
phamacologic effects and/or undesired toxzicity in animals
following long duration of drg administration. Generally,
peptides and proteins are used for over an extended period in
patients, long temm toxicity studies are reguired. The duwation
varies from 6 — 12 months depending on the proposed duration of
the treatment in patients. The ICH has agreed that a 6~-month,
but not 12-month toxicity smdy in rodents shonld be performed in
support of chromic clinical uses. Foc the noo-rodent toxicity
stucly, there was an agreement in principle that 6-moath duration
is acceptable. However. under special circumstances that a 12-
month study is still required. Foc protemn drugs, the clonic
toxicity testing should be scientifically justifiable and on a " case-
by-case” basis.

The basic design is similar to that of subchronic studies with
the excepion of an increase of mumber of animals and frequency
of laboratory tests.  For rodent smdy, geperally 20 4 and 20 £
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rer dosage group are used, 3 different dosage levels are
employed with one vehicle control group.  Fifteen 3 and 15
will be terminated at the end. For recovery study, 5 £ and 5
4 per dosage group are assipned as recovery groups 4 — 6 wk
following the end of dosing period. For a 1Z-month study,
depending on the nawre of test drug. an additional 5 — 10
animals per sex per dose group is added for a 6-month interm
sacrifice which is usually incorporated in the study design. For
noo-rodent study, 7 3 and 7 ¥ per dose group are employed in
a 6-month study, 4 3 and 4 ¥ are sacrificed at the end of 6
month smdy. Three 4 and 3 ¥ will be allowed to recovery for
a pertiod of 4 -6 wk. Ina 12-mouth study, 3 3 and3 ¥ per
dose group is added for a 6-rponth interim sacrifice.

Three different doses of the test compound and one vehicle
group will be employed. The lowest dose uwsually is the
proposed human dose or higher and should not produce any
toxicity and the inteornediate dose shonld produce minimal or not
toxicity, The highest dose should not exceed 100 times the
proposed human dose which would provide good safety margine
for human use.

Animals should be observed for texic signs and the onset,
scverity, progression, and the reversibility of toxiciry.
Periodical blood samples should be collected at appropriate Gme
intervals for hematology, semum chemistry, antibody, and drug
exposure levels. Urnalysis should be performed for selected
animals from each group. Ophthalmologic examination should
be conducted at appropriate intervals in both rodent and non-
rodent species. Electric cardiogram should be performed in non-
rodent species at designated time intervals.  All animals should
be necropsied at the terminations.  Histrological evaluation
should be dove on organs and tissues at least in the control and
high dose groups for rodents and in all groups for non-rodent
species.

2.6 Carcinogenicity study

For a drug that is used for over 6 months carcinogenicity
studies are generally required. The rat and mouse species are
generally used in carcinogenicity smdies for small chemical
molecules,  Since rodents are not respondent animal species for
some peptides and proteins, such as interferon and stem cell
simulating factor, carcinogenicity tfesing can not be
meaningfully conducted in these species. Therefore, rodent
short tertn in vitre stdies might be warranted.

3 Reproductive studies

To determine the potential adverse effects on mammalian
reproduction, the study design should include the exposure of
mature adults and stages of development from the conception
sexual maturity.  The observation should cover one complete life
circle as defined by the ICH and endorsed by the FDA, European
Community and Japanese Ministry of Health and Welfarel®! .

The members of the Steering Commiittee have recommended
it including details of experimental procedures for adoption by the
regulatery agencies in Europesn  Communities, Japan., and
USA®).  These puidelines provide a basis from which an
investigator can devise a strategy for testing, according 1o available
knowledge and the stare of art.

The endorsement of the ICH guideline allows standardization
of study protocols and deletion of unnecessary procedures.  The
ICH guideline also allows flexibility in developing the
scientifically justifiable testing strategy. The overall aim of ICH
described reproductive toxicity sidies is to identify any adverse
effects on mammalian reproduction with subsequent comparison
of these effects with all pre-existing phamacokinetics,
pharmacologic and toxicologie datal™

If there is evidence for adverse effects on spermatogenesis
the effects on male fertility test should be performed. If women
of child-bearing age are to be included in the clinical trials then
the embryotoxicity/fetal development studies should investigated .

The ICH guideline for reproductive toxicity testing covers 6
stages of the reproductive cycle as described below::

@ ICH stage A — Premating to conception This stage
evaluates the adult male and female reproductive functions,
development and mahwraton of gametes, mating behavior. and
fertilization

@ ICH stage B — Conceplion to implanation  This
stage evaluates the adult female reproductive functions,
preimplantation development, and imoplantation .

@ ICH stage C — Implantation to closure of the hard
palale  This stage evaluates the advlt female reproductive
functions, embryonic development, and major organ formation.

@ ICH stage D — Closure of the hard palate to the end
of pregnancy This stage evaluates the adult ¥ reproductive
functions, fetal development and growth, and organ development
and growth.

& ICH stage E — Birth to weaning  This stage evaluates
the adult female reproductive functions, neonate adaptation ©
extrauterine life, and preweaning development and growth.

® ICH stage F — Weaning to sexual maturty This
stage evaluates the postwesning development and growth,
adaptation to independent life, and attainment of full sexual
function. This stage is generally treated only when the intended
use of the pharmaceutical product is in children.

3.1 Study design

The ICH guideline is to pefform a study for effects on
fertility and early and later embryonic development and fetal and
pup development. ICH puideline also allows flexibility for
Segment 1 study by reducing the duration of premating treatment
period in male animals from 60 d to 28 d, provided that the
resulis of a 28-d toxicology study in the same species do not
show adverse effects on male reproductive organs.

Adequate number of amimals should be employed © allow
meamngful interpretadon of the data. Usually 3 dosage levels
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are used. The lowest dose should not produce any adverse
effect in parent animals, fetases or offspring. The highest dose
should produce some toxicity and the intermediate dose should he
the geometric mean of the highest and lowest dose.

It is generally desirable to use species of animals as in
phammacological and toxicological studies. In doing so, it will
allow interpretation of potential adverse effects dervied from
exaggerated pharmacological responses and systematic toxicity of
the test drug. For peptides and proteins the choosing of animal
species is very important. In many instances, reproductive
studies were performed in non-relevant animal species, the results
obtained from these studies are difficult to interpret. It is not
unusual that reporductive studies might be camied out in a single
species, eg, in non-human primate, for certatn protein. It is
quite obvicus that there is of litthe or no vale by employing non-
respondent animal species in reproductive studies.

3.1.1 Ferility and early embryonic development to
implantation

This is to identify the adverse effects resulting from the
Reproduction performance is evalvated for male and female
reproductive functions, development and mamration of gametes,
mating behavior, fertilization, preimplantation development and

This study is nommally conducted in the rat. Depending on
available pharmacological and toxicological data, 3 are treated
for 28 — 60 days to cover the period of spemmatogenesis.  Mature
female are treated for 14 d to cover 3 estrous cycles. Males and
period.  Treatment of ¥ continues throughout the period of
pregnancy. This will permit evaluation of functional effects on
the fertility of male and female animals.

3.1.2 Prenatal and posinaial devsiopment, including
matemal function

This is to detect adverse effects on the pregnant/lactating
female and on the development of the concepts and the offspring
following exposure of the female from implantation through
weaning,  Since manifestations of effect induced during this
period may be delayed, observations should be continued throvigh
mahurity .

The study is usually perfooned in one animal species,
preferzbly in the rat. Females are tremted for a period from
implantation to the end of lactation, They are allowed to deliver
and rear their offspring to weaning, observations should be made
on the duration of pregnancy and partrition. At the terminal
necTopsy, examinations should be made on the implantation and
gbpommalitics. New borns should be evaluated with pre- and
post-weaning and growth, sensory functions and reflexes,
behavior, maturity, and fertility.

3.1.3 Effects on embryo-fetal development

This study is to detect adverse effects on the pregnant
fernale and development of the embryo and fetus consequent to

exposure of the female from implantation to closwre of the hard
palate.

This study is usually conducted in 2 species; one rodent,
preferably rats: one non-rodent, preferably rabbits. The
treatment period is from implantation to the closure of the hard
palate. Female should be sacrificed and examined about one day
prior to parturition for corpora lutea, numbers of live and dead,
embryonic development and growth, major organ fornation, fetal
3.2 Reproductive studies in non-human primate

Reproductive siudies are rarely been camied out in mon-
humnan primate species. However, non-human primate has been
employed for special drug of potein nature, g, stem cell
factor, which demonsirates its pharmacological activity culy in
monkeys.  Because of limited supply and high cost, they noust
be utilized conservatively. In general, small number of animal
per dose level is used for reproductive studies.

In fertility study, menstrual cycles and hormone levels
{estrogen, progesterone, luteinizing hommone, and follicle
stimulating hormone} are monitored for 90 d for ¥, In 3 the
spermatogenesis and testosterone levels are evaluated during a
minimum 60 d of drug meatment period.  In terawlogy study,
pregriant ¥ are treated cduring the period of organogenesis
{gestation days 20 —50). A oesarean section is performed on
day 100 gestation for assessment of fetal abnommpalites. In
prenatal and postnatal study, pregnant $ are administered the
test drug from gestation days 90 - 150 of the late pestational
effects for evaluation of any abnormal necnatal nevrological and”
or behaviorai changes.

4 Toxicokinetics

The objective of toxicokinetics is o determine the exposure
levels, duration of cxposure to a test drug in different animal
specics at different dosage levels following a single and/or
repeated administration.

In toxicologic snudies, toxicokinetics usnally is an integrated
component which would provide useful data to assess exposure at
steady state and to demonstrate that a dose-related exposure has
been achieved during the study. Toxicokinetic data may assist an
assessment of systematic exposure to the administered drug and/
or its metabolites. It not only provides information regarding the
but also serves as basis for dose selecion for repeated dosing,
Toxicokinetic data derived from these studies would contribute to
the design of long temm toxicology studies and the interpretation
of the results of the toxicology studies and its extrapolation from
animal o rman,

The ICH has recommended ICH Hamaonized Tripartite
Guideline on the Note For guideline on Toxicokinetics to be used
for drug testing: the Assessment of Systemnic Exposure in
Toxicity studies published in 1997 Oct 27,

The toxicokinetic studies should be performed in at least 2
responddent species following single and repeated administration of
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the test drug. It is preferable that one rodent and one noo-rodent
species ( ussally monkeys) are emploved for bictechnology
products. These studies can be cooducted with radiolabelled
compound 1o determine absorption, distribution, metabolism ( if
pessible) , and elimination.

Toxicokineticc studies may be performed conconmtantdy with
twxicity studies in separate satellite groups or in a totally
independent kinetic stidy. For peptides or proteins the non-
human primate is usually recommended to be wsed for such
studies. In a review of the selection of animal models for drug
kinetics and metabolisin stadies, Caldwell found thar there are
few biochemical differences between the rhesus monkey and
humans than other species. Caldwell concluded that the monkey
was the best animal model for predicting kinetics and metabolism
in human'™ .

If the test drug is 1o be administered other than iv route, a
aoss-over design with single and repeated administration should
be conducted by 2 different rowtes 1o determine the
biogvailability, 1o compare the maximum blood concentration,
area under the curve, volume distribution, clearance, half life,
and tissue dismibution, if possible. A minimm of 2 doses, low
and high doses which are employed in toxicity sty should be
used. A bref cross-over sudy design fir monkey species is
prescated in the following:

Group Monkeys Dose Dose 1 Dose 2
1 3 low v SG
2 3 low sQ v
3 3 high v 5Q
4 3 high sQ v

Dose 1 is a single dose administration. Dose 2 is 1o be
adrministered for 7 consecutive days 7 - 14 d after Dose 1.

5 General phammacology studies

These studies are to investipate potential undesired side
effects and 1o provide information for determining counter
measures against adverse effects.  If similar side effects are
encountered in clinical trials, then the mechanisms of the side
effects should be investigated. In general, the following studies
are recommended to be performmed prior to conducting clinical
trials.

(1) Effects on cardiovascular and respiratory system
This study is to investigate the action of the test drug on blood
pressure. heart rate, electric cardiogram, cardioutput and
respiratory effects in the rat and non-rodent { monkey species is
usually preferred) .

@ Effects on central nervous system and behavior
This stdy is to investigate the action of the test drug on
Sponlanecis InOEor  activity, motor incoordination, spasm,
sedation, spinal reflexes, convulsions, pain, body temperamure
and etc. The rat and mouse species are usnally used if they are
respondent specics to the ested drug.

@ Effects on digestive system  This study is 10
investigate the effect of the test drug on the transport capacity in
the gastroantestinal tract of the mouse or rat.

6 Dmyg interaction studies

The drug-drug interaction studies are to investigate the
possible  potential adverse effects following concomitant
roedications.  Although there is no durg interaction guidelines at
the present time, such studies should be cooducted routinely
when the therapeutic index or ratio {taic dose w0 therapewtic
dose ratio) of drugs is narrow. There is a rapid growing list of
drugs that can interact of interfere with other dmugs
phamacological activities, phammacokinetics and metabolism.
There is no standard protocol for such interaction studies. The
stady design is usually based on the pharmacological and
toxicological profiles of the drugs intended for concommitant
medications. It is important fo initiate in viro shudies during the
carly phasc of drug development to investigate potential routes of
metabolism which may provide useful information pricr to
conduct in vive studies. A pharmacokinetic screen is also very
usefal in determining altered serum concentrations of one drug
which is under the influence by ancother drug when they are
administered concomitantly .

7 Mulagenicity test

This is to evaluate the genctoxicity potential. There is no
definitive guideline from regulatory agencies as w0 the scope and
timing of conducting genotoxicity studies for peptide and protein
therapentics. The FDA does not require genotoxicity studies
prior to Phase 1 clinical trials whereas mindmal genotoxicity
studies are required by both the Evropean Community and Japan .
For global product Neense applicaton (PLA), the following
genotoxicity shadies are penerally conducted :

() fn vitro bacterial mutation assay employing salmonella
typhimurium/histidine reversion'®  with or without the
complementary Escherichia coli/tryptophen reversion testt” |

@ In vitro mammalian cell gene nmtation assay ( MCOGM)
employing the mouse lymphoma cell' ™)

@ In vive micronuclei test in mouse bone marrow'!! |

No single penotoxicity test is capable of detecting all
genotoxins, A core battery test which offer different genetic
targets should effectively identify a commpound for its penoinxic
potential .

B8 Immunogenicity testing

This is 1o identify the immmune responses that would produce
adverse effects and/or invalidaie conclusions that mipitr be
reached in toxicological studies. Pepiide and proteins tend 1o be
immunogenic in non-homologues species, thus immunogenicity
testing data generated from laboratory animals has limited usable
information because they are foreign to these animal species.

Amntibody responses are frequenily seen in laboratory animal
models after 2 — 4 wk of treatment. However. the antibody
development in these test animal models might not be necessarily
neutralizing the phammacclogical activities of the drug.  The
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immunogenicity is not necessary the primary concem in clinical
use of protein drogs, such as interferons ( Hobson WC, Fuller
GB. Species selection for safety evaluation of biotechnology
products,  Proceedings of Satellite Symposium to the IVth
International Congress of Toxicology. 1986, Tokyo. p 33 -
71) and human growth hormone!) .

Interferon  induces amtibody formation in a sipnificant
proportion of patients depending on the dose and route of
administration.  This might be the dose-limiting factor for
interferons in clinical uses. CGenerally the intravenous route
showed o be less immunogenic than other routes.  The presence
of circulating antibodies might influence the pharmacokinetics and
pharmacodynamics of the protein, ie. a speedy elimination of the
proiein or neutralization of its phammacological activities. A
carefi]l analysis of drug exposure levels and antibody levels is
very important to the interpretation of toxicity data.

Depending on the namre of immunogenicty injury, study on
immunogenicity of peptides or proteins needs much more
complicated experimental design. Some proteins showed a form
of immmogenicity injury was due to the active mediator release,
for example, histamine from master cells by stem cell stimulating
factor. ‘Whereas other proteins might induce antigen-antibody
complexes which could lead to destructive organ and tissue
damages .

g Monoclonal antibodies

Monoclonal antibody {Mab) technology has been developed
rapidly during last 10 years. The usage of monoclonal
antibodies has been expanding tremendously as diagonstic and
therapeutic agents in clinics and hospitals. Monoclonal antibody
such as OKIT3 murine monoclonal is used to roverse acute
rejection in kidney transplantation. In some other areas. the
Mab may be conjugated to a toxin or therapeutical drug which
will produce desired therapeutic effect. Depending on the nabme
of the usage and the frequency of administration the toxicological
testing requirernent varies greatly by the regulatory agencies.

It is important to recognize that, in theory, the Mab has a
specific antigenic site for the diagnositc and therapeutic target.
However, other cells and/or tissues might also react io the
circulating Mab, thus produce undesirable toxicity due to cross
reactivity. To initiate clinical trials, FDA requires in vitro
human tissue-binding site studies { Points to Consider. in the
Manufacture and Testing of Monoclonal Antibody Products for
Human Use}.

10 Local imtation study

This is to evaluate the local response of fissues at the site of
injection following sigle or repeated drug administration. Most
drugs derived from peptides and proteins are administered by
parental routes.  The local toderance and irrtation gtudies should
be conducted prior to clinical studies.

Usually one species should be used and the rabbit is of
choice. The actial concentration of final formulation should be
ested.  Ohbservation of the injection sites should be performed

curing 24~ 96 h after adminstration. If irdtation and/or lessions
occurred, histopathologic evaluation should be carried out and a
special reversibility study should be performed.
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