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ABSTRACT

The nor-clinical assessme first marketin¢ approva of a pharmaceutici in the Europea Union mainly include: severe recommendatior develope in the Internatione Counci
for Harmonisation (ICH) and European Medicines Agencies (EMA) guidglin@e recommendations In |IC#lidelines further harmonize the non-clinical studies amon
regions of the European Union (EU), Japan and the United States. These gadelmesent the consensus reached regarding the type and duration of mah-stidlies t
suppor humar clinical trials anc marketin¢ authorizatiol for pharmaceutici product. More specifically in the EU, the rational¢ anc requirement for nor-clinical testing in the
development of medicinal products for human use are defined in Directive 2001/@3/B@ended. UE directive and EMylidelines should be read in conjunction with |
guidelines before applying for a clinical trial or marketing authorizatiothedEU The Directive 2010/63/Eldlso should be considered to perfonon-clinical studies taking int
account the protection and welfare of animals used for scientific purpd$esmain goals of the nonclinical studies generally include a charadtenzaf pharmacolog
pharmacokinetic toxic effects concernini targe organs dos¢ dependenc relationshij to exposure and wher appropriate potentia reversibility. Thest date shoulc helg to
define the estimated therapeutic dose, the maxirdose, and dose steps and intervals for clinical trials in humans. The mocatktudies recommended to support markefing

authorization are conducted all along the process; hence, the reqgoisethat must be satisfied are different for each phase. The guidelineMi&KR?2) delivers practic
which
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1.1 Primary and secondary pharmacodynami

1.3 Safety pharmacology stud
2 Pharmacokinetics and toxicokinetics studies
3. Toxicity studies
3.1 Single and repeated-dose toxicity studies
3.2 Genotoxicity studie
3.3 Carcinogenicity studies
3.4 Reproduction toxicity studies
3.5 Other toxicity studies

4. Environmental Risk Assessment
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pharmaceuticals. We have summarized the main non-clinical studies regafoed clinical development and marketing authorization in the European Union.
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Timing of nonclinic al studies (ICH M3 (R2) | Anticancer pharmaceuticals— ICHS9 |
Laboratory phase of ‘ > Marketing I The nonclinical data to support Phase | and the clinical Phase | data would norreall' b
: - : sufficient for moving to Phase II.
pharmaceutical developme‘ Vi A authorizaton | Genotoxicity J '
DAfAvA~ I Al r— | ————— [ N |
: Phasel : Thest studie: are noi considere essentie to suppor ciinical triais, bui genotoxicit
hase Before Phasel|I| Before Marketin ' PP Ut >
) Before P n Pharmacoleoo e. arketing l studies should be performed to support marketing. l
acodinamic studi o _ Pharmacokinetics: ¢ %y' | - Carcinogenicity -
y pharmacol og Genotoxicity studies: Invitro potential drug interaction Safety pharmacology . Carcinogenicity studies are not warranted to support marketing for therep@tended |
ardiovascular , Central ner an Standard test batery for P Absor tio? Follow- up and supplemental | totreat patients with advanced cancer. |
espira S genotoxicity DS0rptl safetypharmacolog studie.. Reprotoxicit
P Distribution ——— . =2 y . . B l
rmacol Metabolism Repeated dose toxicitydifferent - Pre- and postnatal toxicology studies is generally not warranted to suppocattiials or -
tem osure data Excretion duration . l for marketing of pharmaceuticals for the treatment of patient with advanceircanc l
0 me Carcinogenicity l Liposomal Products l
Reproductive toxicity studies Environmental risk assessmer A complett evaluatiol of the liposoma produc is not warrante: if the unencapsulat
epeated dose toxicit erent ation fertility Other toxicity studies (if necessary l material has been well characterized. As appropriate, the safesasset should includel
| li ' | ial val of embrvotoxicit . a toxicological evaluation of the liposomal product and a limited evaluation of the
re uc of: Y 4 Inmunotoxiiity, local  tolerancq, unencapsulated pharmaceutical and carrier
i : - Pre-and postnatal development juvenile animal studies ...) '
| Phototoxicity Eval photochemic: . * Photosafety (if necessary)
| propertie .. .
Nanomedicines -EsMARefllection papers-
I Safety Pharmacology andpharmacodynamic Studies (ICH S7A I I Pharmacokinetics ((CH53H) aml Toxicokinetics (ICH S3A) Studiesl BB oment of block-copolymer-micelle medicinal products
Primary pharmacodinamic studies are intended to investigate the mode of action and/or affett Pharmacokinetics Block

The study of the fate of the active subtance within thanigm.
Parameters

substance in relation to its desired therapeutic targedsé istudies might include, among others:
sTarget interactions, receptor binding and occupantybition of enzymes, cellular response

Duration andir)reversibility of effec
*Dose-response relationships
*Physiological turn-over of the target
Safety Pharmacoiogy Studie
1)To Identifyundesirable pharmacodynamic properties of a substance
2) To Evaluateadver se pharmacodynamic and /or pathophysiological effects of a substance.
3) To investigate thenechanism of the adver se pharmacodynamic effects observed.

Safety pharmacology core battery: Cardiovascular, Central nervous, Respiratory syste

*In vitro metabolic/ Plasmeéproteir binding
*Absorption (AUC, Cmax ), Distribution, Metabolism akdcretion
*Potential drug interactions

Toxicokinetics
To describe the systemic exposure (AUC / Cmax) achievedimals, and it
relationship to dose level and the time course of the toxstiidies.
Parameters
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Supplemental and follow-up safety pharmacology: When potential adverse effects raise concern for

human safety then should be explored in follow-upupplemental studies.

Genotoxicity Studies((ICH SZiR1))

Genotoxicity studies are non-clinical tests designed to detect compounds tbatagenetic damage.

Genotoxicity before Phase | — In vitro assays -see ICH M3(R2)-. .

Genotoxicity before Phase |l - Standard test batery for genotoxicity.
a) Optiorl

. Atest for gene mutation in bacteria

Ii. Acytogenetic test for chromosomal damage

lil.

hematopoietic cells
Optior 2
. Atest for gene mutation in bacteria
Ii.  Anin vivo assessment for genotoxicity with two diffetdissues

b)

Carconogeninicity Studies - ICH S1A

Objectives
To identify a tumorigenic potential in animals aondassess the relevant risk in humans.
Carcinogenicity studies

*Should be performed for any pharmaceutical whose expedit@dat use is continuous for at leasf§ 6

months (continuously or intermittently).

Single dose toxicity- ICH M3

systemic exposure and /or local toxicity. These data can be used to selestfd
repeated dose toxicity studies.

Non clinical studies shall be carried out in two species of mamnidis. use of on
species is acceptable if it has been unequivocally demonstrated thatavt&bl
species are irrelevant as models for human safety assessment. Als®,t@aaity
studies are considered to be of very limited value (if any) for predictomgsequenc
of overdose in humans.

An in vivo test for genotoxicity, generally a test for dmosomal damage using rodén

Repeated Dose Toxicity (EMACPRAPESVAPLDd22999R ey C1Qwry

Objectives

To characterize the toxicological profile of the test commpad following
repeated administration. This includes identificationpofential target orga
of toxicity anc exposur / respons relationships anc may include the potentia
reversibility of toxic effects.

Monitoring during the study
ofood intake, general behaviour, body weight, haematological parameters,
clinical chemistry, urinalysis and ophthalmology.
¢l ectrocardiographic recordings should be obtained in non-rodent species.
stoxi cokinetics parameters.
sautopsy and hystopathol ogy examination.

Compounds administered infrequently do not need carcmog studies unless there is causejo

conceri as:
- Previous demonstration of carcinogenic potentidhe product class
- Structure-activity relationship suggesting cargenic risk

Reproduction Toxicity Studies {ICH S ((R2)

Objectives

The aimof reproduction toxicity studies is to reveal any effectimammalian reproduction.
The studies selected should allow exposure of maturesadntt all stages of develpment fr

conception to sexual maturitv

If an evaluation of the
reproductive organs performegd
in the repeated-dose toxicity

A

potential .
(sterilised / postmenopausal)

Not of chi_r{é_r_i@mf"éﬁiidb'ééﬁhﬁ potential:

Recommended Duration of Repeafedsb dexitayidtydasdie StgppaponaChinahisals:

Maximum Duration of

Minimum Duration of Repeated-Dose Toxicity

Clinical Trial Studies to Support Clinical Trials
Rodents Non-Rodents
Up to 2 week 2 week 2 week:
Between 2 weeks and @ Same as clinical trial Same as clinical tria
months
> 6 months 6 months 9 months

Recommended Duration of RepeafedsP dsxitayidtydasdie Stoppapddettkding

Duration of Treatment Rodent Non-Rodent
Up to 2 weeks 1 month 1 month
>2 weeks to 1 mon 3 month: 3 month:
>1 month to 3 months 6 months 6 months
>3 months 6 months 9 months
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Biotechnology-aknixesd piremmecsuticas HHHSE5([RY)

It applies to products derived from characterized cells through the use okedy\af
expressio system including bacterie yeast insect plant anc mammalial cells.

be included in Phase If/l | before the fertility stuciy.

The active substances include proteins and peptides, their derivatives and produc

. ' Non-clinical studies that! of which they are components; they could be derived from cell cultures or produced
A non-clinical male fertility; ' specifically address! using recombinant DNA technology.

'study should be completeq | reprotoxicity  should be! Preclinical safety testing should consider:

i before phase ll. | , completed  to support: «Selection of the relevant species, age and physiological state

| |  phase IlI *The manner of delivery-dose, route, administration, treatment eaegim

Note: precautions to prevegt
pregnancy in clinical tria
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«Stability of the test material under the conditions of use

For monoclonal antibodies, the immunological properties oft
antibody should be described in detail, including its antigen
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Specific approach
Repeated toxicity studies
For biopharmaceuticals intended for short-term use ( e.g., < to 7 dayspaaduite
life-threatenin disease: repeate dose¢ studie: up to two week: duratior have beetr
considered adequate to support clinical studies as well as marketing autbarizat
Genotoxicity Standard test are not applicable. Test should be performed in t
cases where there is a cause of concern.
Carcinogenicity. Standard carcinogenicity are generally inappropriate. Howe
produc-specific assessme may still be neede dependin upor duratior of clinical
biological activity of the product.
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Single-dose toxicity may generate useful data to describe the relationship of ddse to

Pharmacodynamic+— copolimer s Pharmakinetics

Sgnificant changes can occur when an
active substance is administered as a block
copolymer micelle product (i.e volume of
distribution, clearance, half-life, etc.)

The non-clinical studies should include
demonstration of pharmacodynamic
response. Changes in the
Pharmacodynamic and safety can occur.
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block copolymers (not containing an
active substance) can display biological
activity which have an impact on clinical
efficacy and / or safety.

The following parameters specific to block
copolymer micelle should be assessed:
Cmax, half-life and AUC of the block
copolymer micelle product both for the
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substance in blood, plasma or serum.

Requirements for intravenous iron-based nano-colloidal products
developed with reference to an innovator medicinal product

Iron-based products used to treat iron deficiency consist of a polynuclear iron cor 2,
generall preser in the iron (111) -oxyhydroxid¢ form, stabilize( by a carbohydrat comple»
which leads to nano-sized colloidal structures. These complexes will benafiEed by
cells via the endocytic route. Localization of iron-based products & Imacrophages or
hepatocytes has been noted after intravenous administration.

Table 1. Relevant compartments for the distribution of intravenous iron- based

nanoparticles for iron deficiency

1. Plasma (or serum) and red blood cells
2. RES: macrophages
e.g. in spleen, liver (Kupffer cells)
3. Target tissues
3.1 Pharmacological target tissues
e.g. bone marrow
3.2 Toxicological target tissues

e.g. kidney, liver (hepatocytes), lungs, heart

Toxicity studies are not sensitive enough to demonstrate differences lpett®ste and
reference product. Therefore, they are not useful for this purpose In casecdicspafety
concerns, appropriate safety endpoints included in the design of the bidndisin study
may be sufficientto addres thes«concern.

Requirementsfor intravenous liposomal products developed with referenceto an
innovator liposomal product

Pharmacodynamic
where possible the

Pharmakinetics

222 §
) The complete characterization

™

development of in-vitro tests ™ v of the stability,
capable of characterizing any ™ W < pharmacokinetics (includin
Interaction between - o -~ tissue distribution) of a new
liposomes and target cells € et liposomal product is critical to
¢ ¢ € ¢ < establish safe and effective use.

Liposoma medicina product: have formulatior anc manufacturin-specific distributior
characteristics after intravenous administration and similar plagmeeatrations may not
correlate with therapeutic performance. variation in production and praghdat process

control technology can lead to products with different therapeutic performance.

GENERAL CONSIDERATIONS

3Rs (Repiacement, Reduction and Refinement) need to be considere wher selectin( testing
approaches to be used for regulatory testing of human and veterinary mediocdat{s in lin
with Directive 2010/63/EU.

GLP In general, studies should be carried out in conformity with the provisionsngliet goo
laboratory practice (GLP).

Relevant species. The demonstration of the relevance of the animal model(s) may incldde a
comparison with humans of Target expression, distribution and primary structure.

* Pharmacodynamics; Metabolism and other PK asf

» On- and off-target binding affinities and receptor/ligand occupancy antidene

* In vitro metabolic profile. (exposure to main human metabolite shoutthfiered)

Safety Pharmacology studies can be integrated in repeat dose toxicity studies

Pharmacokinetic / Toxicokinetic. Sponsors should supply a brief summary of the analyfical
assays used to characterize the non-clinical PK and TK, includingdbheuracy, precision a
limits of quantification.

Nanomedicines. Any variatior in mean/media size anc size distributior anc /or the accurac
of methods employed for nano-sizing may result in the generic product displayiiegedt
physicochemical properties leading a different biopharmaceutical @rofil respect
pharmacokinetics and biodistribution.

Coating nanomedicine products The coating is used to minimize aggregation and impgove
stability. A coating has the potential to impact the safety and effichh should be consider
the effect of the coating on the product stability, pharmacokinetics and biodigtnbatc.

Route of administration The expecte clinical route of administratiol shoulc be uset.




