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Clinical TestingClinical Testing

••
 

{Phase 0 (non{Phase 0 (non--clinical)}clinical)}
••

 
Phase 1 (volunteers)Phase 1 (volunteers)

••
 

Phase 2 (patients)Phase 2 (patients)
••

 
Phase 3 (large scale multiPhase 3 (large scale multi--centre)centre)

••
 

Phase 4 (post registrationPhase 4 (post registration
 

monitoring)monitoring)
Phases can also be defined by the information Phases can also be defined by the information 
youyou

 
are trying to get out of the testingare trying to get out of the testing
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Volunteer Studies (Phase I Trials)Volunteer Studies (Phase I Trials)

••
 

pharmacologists & employees (15pharmacologists & employees (15--30 in number)30 in number)
••

 
Ethical approvalEthical approval

••
 

HealthyHealthy
••

 
Informed consentInformed consent

••
 

Full resuscitation + medical backupFull resuscitation + medical backup
••

 
MonitorMonitor

••
 

Single and repeat dosesSingle and repeat doses
••

 
Increase dose levelsIncrease dose levels
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Volunteer Studies (Phase I Trials)Volunteer Studies (Phase I Trials)

ObjectivesObjectives
••

 
Metabolic and excretory pathwaysMetabolic and excretory pathways

••
 

Variability between individuals; Effect Variability between individuals; Effect 
of route; bioavailabilityof route; bioavailability

••
 

Tolerated dose rangeTolerated dose range
••

 
Indication of  therapeutic effectsIndication of  therapeutic effects

••
 

Indication of side effectsIndication of side effects
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Patient Studies (Phase 2 Trials)Patient Studies (Phase 2 Trials)

••
 

150150--350 ill people; Informed consent.350 ill people; Informed consent.
••

 
Maximum monitoring; Full resuscitation.Maximum monitoring; Full resuscitation.

••
 

Often patients where other treatment failed.Often patients where other treatment failed.
••

 
Objectives:Objectives:

Indication for use; Type of patient; Severity of disease;Indication for use; Type of patient; Severity of disease;
Dose range,  schedule and increment;Dose range,  schedule and increment;
Pharmacokinetic studies in ill people;Pharmacokinetic studies in ill people;
Nature of side effects and severity;Nature of side effects and severity;
Effects in special groups.Effects in special groups.
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Patient Studies (Phase 3 Trials)Patient Studies (Phase 3 Trials)

••
 

15001500--3500 ill patients3500 ill patients
••

 
multicentrmulticentricic??

••
 

More certain data for the objectives of phase More certain data for the objectives of phase 
2 studies2 studies

••
 

Interactions between drugs start to become Interactions between drugs start to become 
measurable in the larger population measurable in the larger population 

••
 

SubSub--groups start to be established groups start to be established 
••

 
Special features and problems show upSpecial features and problems show up
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Clinical TrialsClinical Trials  II

Drug action depends on:Drug action depends on:
••

 
PPharmacodynamicsharmacodynamics

••
 

PPharmacokinetics and dose harmacokinetics and dose 
regimenregimen

••
 

Drug interactionsDrug interactions
••

 
Receptor sensitivity of patientReceptor sensitivity of patient
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Clinical TrialsClinical Trials  IIII

Drug action depends on:Drug action depends on:
••

 
Mood/personality of patient & doctorMood/personality of patient & doctor

••
 

Patients expectations and past experiencePatients expectations and past experience
••

 
Social environment of patientSocial environment of patient

••
 

Clinical state of patientClinical state of patient
Clinical trial controls these variables Clinical trial controls these variables 
and examines action of drug in and examines action of drug in 
defined set of circumstancesdefined set of circumstances
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Clinical trialsClinical trials  IIIIII

controlled or uncontrolled
open or blind

others: - matched pairs; combinations; ++

parallel
A
B

cross-
over

A
BB
A

sequential
A B
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The Regulatory ProcessThe Regulatory Process
••

 
DiffersDiffers

 
from country to countryfrom country to country

••
 

DemandsDemands
 

safetysafety
 

and and qualityquality
 

of productof product
••

 
Encourages Encourages efficacyefficacy

 
and need for productand need for product

••
 

Grants Grants clinical trials certificateclinical trials certificate
 

if volunteer and animal if volunteer and animal 
data OKdata OK

••
 

Approves protocols and examines dataApproves protocols and examines data
••

 
5050--400 volumes (30,000400 volumes (30,000--150,000 pages)150,000 pages)

••
 

Original data availableOriginal data available
••

 
Two way process; Authority and company trying to Two way process; Authority and company trying to 
produce a produce a safe effectivesafe effective

 
productproduct

••
 

Release for a specific purpose and useRelease for a specific purpose and use
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MarketingMarketing

••
 

Getting the product right (packaging; Getting the product right (packaging; 
Formulation)Formulation)

••
 

Right therapeutic slotRight therapeutic slot
••

 
Information on new drugInformation on new drug

••
 

Information for honest comparisonInformation for honest comparison
••

 
Reporting problemsReporting problems

••
 

Reporting new  indicationsReporting new  indications
••

 
Therapeutic trendsTherapeutic trends
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Classic Sales CurveClassic Sales Curve

Unit sales
serious side effects
adverse reactions

wonder drug
no side 
effects

not always
effective

appreciate where best
used and risks

balanced view 
of advantages 
& problems

Time
0
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Predstavitelj
Opombe o predstavitvi
Research and development (R & D) spend, sales and new drug registrations, 1980-2004. Registrations refer to new chemical entities (including biopharmaceuticals, excluding new formulations and combinations of existing registered compounds). (Data from various sources, including the Centre for Medicines Research, Pharmaceutical Research and Manufacturers Association of America.) 
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PostPost--registration Monitoringregistration Monitoring

••
 

YELLOW CARD SYSTEMYELLOW CARD SYSTEM: voluntary reporting of : voluntary reporting of 
adverse effects by GP to committee on safety of adverse effects by GP to committee on safety of 
medicines; Easy; Effective?medicines; Easy; Effective?

••
 

INTENSIVE MONITORING OF DEFINED GROUPINTENSIVE MONITORING OF DEFINED GROUP: : 
first 10,000; Administrative nightmare as patients first 10,000; Administrative nightmare as patients 
move/die; Costly; Timemove/die; Costly; Time--consuming.consuming.

••
 

RESTRICTED RELEASERESTRICTED RELEASE: only available to small : only available to small 
group of GPs; Monitor their patients; Elitist.group of GPs; Monitor their patients; Elitist.

••
 

MONITOR INCIDENCE OF DISEASE PROBLEMMONITOR INCIDENCE OF DISEASE PROBLEM: : 
difficult to identify cause of changedifficult to identify cause of change..
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Lessons and DevelopmentLessons and Development

••
 

Refine parts of treatment giving problemsRefine parts of treatment giving problems
 

(dose (dose 
interval? Side effects? Effective? Niche market?)interval? Side effects? Effective? Niche market?)

••
 

Extend usageExtend usage
egeg. PROPRANOLOL (beta adrenoceptor blocker). PROPRANOLOL (beta adrenoceptor blocker)
antidysrhythmicantidysrhythmic

 


 
antianginalantianginal

 


 
antihypertensive antihypertensive 

 relieve hyperthyroid symptoms relieve hyperthyroid symptoms 
 

antihypertensive with antihypertensive with 
diuretic diuretic 

 
prolonged release formulationprolonged release formulation

Precipitate asthma attack Precipitate asthma attack 
 

beta1 selective beta1 selective --
 

ATENOLOL  ATENOLOL  
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The Future?The Future?
••

 
3rd world diseases?3rd world diseases?

••
 

Orphan drugs with few users?Orphan drugs with few users?
••

 
Improve safety and efficacy recordsImprove safety and efficacy records

••
 

Reduce animal utilisation (cell lines; Reduce animal utilisation (cell lines; eearlyarly
 human volunteers, )human volunteers, )

••
 

New diseases (AIDS; AlzheimerNew diseases (AIDS; Alzheimer’’s; CJ s; CJ 
disease;disease;

 
hhumanuman

 
BSE variant; BSE variant; oobesitybesity; ; ccancerancer))

••
 

New biology New biology --
 

(clone human receptors; (clone human receptors; 
ddiseaseisease

 
model by gene changes)  model by gene changes)  
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Kdo vlaga proKdo vlaga proššnjo za njo za 
registracijo zdravila ?registracijo zdravila ?

Registracija zdravila = izdaja Registracija zdravila = izdaja 
dovoljenja za promet z zdravilomdovoljenja za promet z zdravilom

••  Proizvajalci zdravilProizvajalci zdravil
––  Farmacevtske firmeFarmacevtske firme
––  Laboratoriji lekarnLaboratoriji lekarn
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Potrebna dokumentacijaPotrebna dokumentacija

Dokazila o kvaliteti, uDokazila o kvaliteti, uččinkovitosti in varnosti inkovitosti in varnosti 
zdravila.zdravila.

––
 

Farmacevtsko kemiFarmacevtsko kemiččni del dokumentacije ni del dokumentacije 
––

 
FarmakoloFarmakološško toksikoloko toksikološška dokumentacijaka dokumentacija

––
 

KliniKliniččna dokumentacijana dokumentacija
Vsak od delov dokumentacije vsebuje Vsak od delov dokumentacije vsebuje 
poleg originalnih dokumentov tudi poropoleg originalnih dokumentov tudi poroččilo ilo 
eksperta o tem delu dokumentacijeeksperta o tem delu dokumentacije
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Farmacevtsko kemiFarmacevtsko kemiččna na 
dokumentacija dokumentacija 

Proizvodnja zdravila, sestava zdravilaProizvodnja zdravila, sestava zdravila
––

 
pokriva vse komponente zdravilapokriva vse komponente zdravila

––
 

sledljivost sestavinsledljivost sestavin
––

 
opis postopka proizvodnje, toleranopis postopka proizvodnje, toleranččne ne 
meje ostankov postopkameje ostankov postopka

––
 

dokazila o usposobljenosti posameznih dokazila o usposobljenosti posameznih 
proizvajalcev (GMP certifikat) proizvajalcev (GMP certifikat) 
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FarmakoloFarmakološško toksikoloko toksikološška ka 
dokumentacijadokumentacija

Rezultati Rezultati neklininekliniččneganega
 

preizkupreizkuššanja anja 
zdravilzdravil
–– Farmakodinamske Farmakodinamske šštudije (mehanizem tudije (mehanizem 

delovanja, farmakodinamski profil)delovanja, farmakodinamski profil)
–– FarmakokinetskeFarmakokinetske

 
šštudije tudije 

–– ToksikoloToksikološške ke šštudijetudije
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KliniKliniččna dokumentacijana dokumentacija

Rezultati kliniRezultati kliniččnega preizkunega preizkuššanja anja 
zdravil zdravil ––  urejeni po fazah urejeni po fazah 
preizkupreizkuššanja.anja.
––UUččinkovitost glede na kontrolno inkovitost glede na kontrolno 

skupinoskupino
––Predlog indikacij za zdraviloPredlog indikacij za zdravilo
––Pregled stranskih (nePregled stranskih (nežželenih) elenih) 

uuččinkov zdravilainkov zdravila
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Dokumentacija, ki spremlja zdraviloDokumentacija, ki spremlja zdravilo
Vsebina se odobri ob registracijiVsebina se odobri ob registraciji
••

 
Navodilo za uporabo zdravila (Navodilo za uporabo zdravila (patientpatient

 
informationinformation

 leafletleaflet
 

––
 

PIL)PIL)
––

 
Bolniku prijazen in razumljiv tekstBolniku prijazen in razumljiv tekst

––
 

Vsebovati mora toVsebovati mora toččno dolono določčena poglavjaena poglavja

••
 

Povzetek osnovnih znaPovzetek osnovnih značčilnosti zdravila (ilnosti zdravila (SummarySummary
 ofof

 
productproduct

 
characteristicscharacteristics

 
––

 
SPC oz. SPC oz. SmPCSmPC))

––
 

Namenjen zdravnikomNamenjen zdravnikom
––

 
Vsebovati mora toVsebovati mora toččno dolono določčena poglavjaena poglavja

––
 

DoloDoloččene indikacijeene indikacije
––

 
Vsebovani izsledki kliniVsebovani izsledki kliniččnih nih šštudijtudij

––
 

Izsledki poroIzsledki poroččil o neil o nežželenih uelenih uččinkihinkih
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Kdo in kako registrira zdravilo?Kdo in kako registrira zdravilo?
Odvisno od vloge (naOdvisno od vloge (naččini registracije ini registracije ––

 
EC)EC)

––
 

Nacionalna registracija Nacionalna registracija ––
 

nacionalne agencije za nacionalne agencije za 
zdravila. zdravila. 

––
 

Centraliziran postopek (CP)Centraliziran postopek (CP)
––

 
Postopek medsebojnega priznavanja (MRP)Postopek medsebojnega priznavanja (MRP)

––
 

Decentraliziran postopek (DCP)Decentraliziran postopek (DCP)

••
 

Nacionalne agencije Nacionalne agencije ––
 

SLO: SLO: Javna agencija Javna agencija 
Republike Slovenije za zdravila in medicinske Republike Slovenije za zdravila in medicinske 
pripomopripomoččke ke ––

 
JAZMPJAZMP

••
 

EC EC ––
 

EuropeanEuropean
 

MedicinesMedicines
 

AgencyAgency
 

––
 

EMEAEMEA
••

 
ZDA ZDA ––

 
FoodFood

 
andand

 
Drug Drug AdministrationAdministration

 
––

 
FDA FDA 
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Trajanje registracijeTrajanje registracije
Registracija za doloRegistracija za določčen en ččas as ––

 
navadno 5 letnavadno 5 let

••
 

Obnova registracijeObnova registracije
 

––
 

poroporoččila o stranskih ila o stranskih 
uuččinkih zdravila  (inkih zdravila  (PeriodicPeriodic

 
SafetySafety

 
UpdateUpdate

 ReportReport
 

––
 

PSUR)PSUR)
––

 
Ustrezne spremembe PIL in SPCUstrezne spremembe PIL in SPC

••
 

Registracija spremembRegistracija sprememb
––

 
Spremembe v proizvodnem postopkuSpremembe v proizvodnem postopku

––
 

Spremembe oblike zdravilaSpremembe oblike zdravila
––

 
Spremembe indikacijSpremembe indikacij

––
 

Spremembe v doziranjuSpremembe v doziranju
––

 
Druge spremembeDruge spremembe
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Faze razvoja novega zdravilaFaze razvoja novega zdravila

Odkritje molekule; izpopolnitev; 
kemijske in biološke značilnosti (mehanizmi, 

farmakodinamski profil – neklinično preizkušanje)

Neklinično preizkušanje – varnost, toksikologija
Razvoj farmacevtske oblike

Klinične študije
3 faze Registracija

Trženje
– široka uporaba zdravila

Spremljanje 
po registraciji 

– 4. faza klin. preizk.
Novi podatki; 

razvoj
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Proizvajalci zdravilProizvajalci zdravil

••  OriginatorjiOriginatorji
••  GeneriGeneriččne firme ne firme ––  izdelava izdelava 

generikovgenerikov
 (kopije zdravil po poteku (kopije zdravil po poteku 

patentne zapatentne zaššččite)ite)
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Faze v razvoju zdravilFaze v razvoju zdravil
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Registracija Registracija generikovgenerikov

Zdravilo mora biti Zdravilo mora biti ‘‘bistveno podobnobistveno podobno’’
 originalnemu zdraviluoriginalnemu zdravilu

–– EnakaEnaka
 

farmacevtska oblika zdravilafarmacevtska oblika zdravila
–– Enak profil sproEnak profil sproššččanja (poskusi anja (poskusi ‘‘in vitroin vitro’’))
–– BioekvivalencaBioekvivalenca
Sklicevanje na dokumentacijo Sklicevanje na dokumentacijo 
originatorjaoriginatorja
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DoloDoloččanje anje bioekvivalencebioekvivalence
K

on
c.

 z
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av
ila

 v
 p

la
zm

i

Čas

Cmax

tmax

AUC
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DoloDoloččanje anje bioekvivalencebioekvivalence

••
 

Parametri Parametri generikagenerika
 

morajo biti morajo biti ‘‘enakienaki’’
 originalnemu zdravilu (toleranca)originalnemu zdravilu (toleranca)

••
 

DoloDoloččanje anje bioekvivalencebioekvivalence
 

pri razlipri različčnih nih 
odmerkih (linearnost odmerkih (linearnost farmakokinetskihfarmakokinetskih

 parametrov)parametrov)
••

 
DoloDoloččanje anje bioekvivalencebioekvivalence

 
ob jemanju s ob jemanju s 

hrano in na tehrano in na teššččee
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GeneriGeneriččna substitucijana substitucija
••  Kaj je?Kaj je?
••  Cilji?Cilji?
••  MoMožžnosti preprenosti prepreččitve itve ––  utemeljenost utemeljenost ––  razlaga razlaga 
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ProblemiProblemi

••  Ali so Ali so generikigeneriki
 lahko boljlahko boljšši od i od 

originalnih preparatov?  (drugaoriginalnih preparatov?  (drugaččna na 
pot sinteze)pot sinteze)

••  BioloBiološška zdravila ka zdravila ––  subtilne razlike subtilne razlike 
v strukturi originalnega zdravila in v strukturi originalnega zdravila in 
posnetka posnetka   razlike v urazlike v uččinkuinku
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BioloBiološško podobna zdravila ko podobna zdravila ––  biosimilarsbiosimilars

••
 

Pri bioloPri biološških zdravilih ne moremo kih zdravilih ne moremo 
govoriti o govoriti o generikihgenerikih

••
 

Dokazi o bistveni podobnosti teDokazi o bistveni podobnosti težžko ko 
izvedljivi in nezadostniizvedljivi in nezadostni

••
 

Potreba po dodatnih preizkuPotreba po dodatnih preizkuššanjih anjih 
biolobiološško podobnih zdravil ko podobnih zdravil ––

 sklicevanje na dokumentacijo sklicevanje na dokumentacijo 
originatorjaoriginatorja

 
ni mogoni mogoččee
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Example: Interferon Beta vs. Example: Interferon Beta vs. 
AspirinAspirin

Aspirin:
MW 180D

Interferon Beta
MW 19'000D

Source: Fraunhofer IGB (Interferon Beta )

©

Predstavitelj
Opombe o predstavitvi
Take a look at Interferon beta vs. aspirin. 

Interferon beta has a complex chain of amino acids along with a unique folding structure. With Aspirin you got a limited number of atoms and a small size. In contrast you can see that with Interferon data that has many many more Amino Acids. And they are all combined into chains of Amino Acids which fold into a very defined structure - both 2 dimensional as well as 3 dimensional. 
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Biotech medicines are not a single active Biotech medicines are not a single active 
ingredient, they are a heterogeneous mix of ingredient, they are a heterogeneous mix of 

similar isoformssimilar isoforms

1313

Isoelectric Focusing: epoetin alfa product 
is subfraction of cell culture isoforms
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Each Manufacturer Must Make Their Each Manufacturer Must Make Their 
Own Unique Cell LineOwn Unique Cell Line

©
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The main manufacturing steps will be similar, but The main manufacturing steps will be similar, but 
will not be identical between different manufacturerswill not be identical between different manufacturers

EQ-1

EQ-1

Purified Bulk Drug

Methods, reagents, Methods, reagents, 
reference standardsreference standards

Characterization and Characterization and 
StabilityStability

Binding and elution Binding and elution 
conditionsconditions

Purification through Purification through 
chromatographychromatography

Operating conditionsOperating conditionsRecover through filtration Recover through filtration 
or centrifugationor centrifugation

Cell line, growth media, Cell line, growth media, 
bioreactor conditionsbioreactor conditions

Cell Production in Cell Production in 
BioreactorsBioreactors

Cell line, growth media, Cell line, growth media, 
method of expansionmethod of expansion

Cell ExpansionCell Expansion

Unique to each Unique to each 
ManufacturerManufacturer

Unit OperationUnit Operation
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Manufacturing Manufacturing 

••
 

The quality and consistency of the product are The quality and consistency of the product are 
highly dependant on the manufacturing processhighly dependant on the manufacturing process
––

 
The process defines the productThe process defines the product

••
 

Minor differences in the biophysical Minor differences in the biophysical 
characteristics of a biotech medicine can have characteristics of a biotech medicine can have 
clinical consequencesclinical consequences
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What Are Biosimilars?What Are Biosimilars?
••

 
The expiry of patent protection and regulatory data The expiry of patent protection and regulatory data 
protection for certain biotech medicines has led to the protection for certain biotech medicines has led to the 
development of what are called biosimilarsdevelopment of what are called biosimilars

••
 

Biosimilars are products that claim to be a copy of the Biosimilars are products that claim to be a copy of the 
original, innovative biotech medicineoriginal, innovative biotech medicine
––

 
eg. epoetin, Geg. epoetin, G--CSF, insulin, somatropinCSF, insulin, somatropin

••
 

However, they are made with a different cellHowever, they are made with a different cell--line and a line and a 
different manufacturing and purification processdifferent manufacturing and purification process

••
 

As they are made by a different manufacturing processAs they are made by a different manufacturing process
––

 
This will lead to biosimilars having similar, but not identical This will lead to biosimilars having similar, but not identical 
biophysical characteristics to the innovator biotech medicinebiophysical characteristics to the innovator biotech medicine
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What Is The Principle Of What Is The Principle Of 
Substitution?Substitution?

Medicines are the same = therefore can be safely substituted

Generics / chemical drugs

Substances are identical = therefore can be safely 
substituted

The principle behind substitution is that the medicines are 
identical and have the same therapeutic effect.

This applies to chemical medicines with generics as they 
are approved following a demonstration of 
bioequivalence, thus excluding any differences in 
bioavailability. 
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Principle Of Generic Substitution Principle Of Generic Substitution 
Does Not Apply To BiosimilarsDoes Not Apply To Biosimilars

Biosimilars/Biotech medicines are not identical

Can generic substitution rules be applied?

Therefore, with biotech medicines and biosimilars, the 
generic substitution rules do not apply

X

Medicines are the same = therefore can be safely substituted

Generics / chemical drugs

Substances are identical = therefore can be substituted
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