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Prohlaseni

Prezentace byla pripravena na zakladé mych osobnich
zkuSenosti a predstavuji mdj osobni ndzor na dané téma.
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Historie farmacie a vyvoje léciv

Léciva syntetizovana z rostlin (morfin 1805), chinin (1819),

M Kolchicin (1820), pilokarpin (1875)

Hormony - inzulin (1921), estradiol (1929), testosteron (1931)

Antibiotika - penicilin (1944), streptomycin (1944)
Psychoaktivni latky - diazepam (1963)
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Historie a vyvoj legislativy

Avicenna (Ibn Sina) 980-1037 pr.n.l. “Kénon Mediciny” mnoha
svazkové dilo, které bylo standarnim lékarskym textem v Evropé a
Isldamském svété do 18. stoleti.

Starovéka dila - Hippokrates, Celsius, Galén, Dioscorides,
Paracelsus.

Prvni London Pharmacopoeia (Iékopis) - publikovan v roce 1618
Prvni British Pharmacopoeia - publikovan v roce 1864

Prvni US Pharmacopoeia - publikovan v roce 1920
European Pharmacopoeia (Ph. Eur.) - 1964

Smérnice 65/65/EEC — 1965

ICH -1990



Nekteré milniky, které se zapsaly
do historie....



Biologics Control Act (USA) - 1902

Na pfelomu minulého stoleti byli pacienti se zaskrtem [éCeni
antitoxinem, ktery byl vyroben z konské krve.

Vyroba nebyla ani standardizovana ani kontrolovana.

Trinact déti zemrelo na tetanus v roce 1901 poté, co byly [éCeny vakcinou
vyrobené z infikované krve koné, ktery vozil viiz s mlékem.

Zakon poprvé definuje biologicky pripravek.




Elixir se Sulfanilamidem

Béhem zari a fijna 1937 byl tento pripravek zodpovédny za
smrt vice nez 100 lidi (predevsim déti) v 15 statech USA.
Sulfanilamid je latka, ktera byla pouzivana k [écbé
streptokokovych infekci hornich cest dychacich a byla
bezpecné pouzivana ve formé tablet a prasku.

V Cervnu 1937 trh vyslovil poptavku po tekuté Iékové
formé, ktera méla byt urcena predevsim pro déti.
Chemici a farmaceuti firmy, kde byly predchozi Iékové
formy vyrabény, zjistili, Ze se sulfanilamid rozpousti v
dietylglykolu a pripravili syrup.

Laboratorni kontrola testovala pfipravek na vini a vzhled
a pripravek jako vyhovuijici propustila.

Nova lékova forma nebyla testovana na toxicitu.




Talidomidova tragédie
1956-1961: Firma Grunental

Vice nez 10 000 pripadl postiZzeni novorozencu - fokomélie a
vyvojové vady (jen asi 50% jich prezilo).

Reklamni materidl uvadél: “Neposkozuje ani matku ani dité.”

V USA: Dr. Frances O. Kelsey

Pochybnosti o preklinickych datech
v dokumentaci.

Zastavila schvaleni v USA.

Dr. Frances Oldham Kelsey



Talidomid

Proc?

* Pripravek nebyl testovan pro uzivani v dobé téhotenstvi na zvirecich
modelech

* Vmnohych zemich uveden na trh jako OTC
* Plvodniindikace - sedativum, hypnotikum
* Off - label preskripce - téhotenska nevolnost v 1.trimestru

* Nedostatecny farmakovigilancni systém



Talidomid - revival po 50 letech

 Pharmion Itd. (Celgene) podal Zzddost o novou registraci 22.ledna 2007

e Centralizovana procedura (EMA)

» Kategorie - Orphan (vzacnda onemocnéni) ”

* Indikace - Mnohocetny myelom

* Pripravek schvalen 16.4.2008. ® @
S

Dalsi pozdéjsi schvalené “orphans indikace”

Graft versus host disease Crohn disease

Erythema Nodosum Leprosum Kaposi sarcoma

Severe recurrent aphthous stomatitis Myelodysplastic syndrome
Primary brain malignancies Telangiectasia
HIV-associated wasting syndrome Mycobacterial infection

Recurrent aphthous ulcers Hematopoietic stem cell transplantation



Kontaminovany heparin 2008
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Oversulfated chondroitin
sulfate (OSCS)

* Kolem 900 pfipadt
zavaznych nezadoucich
ucink(, véetné desitek
amrti.

Canada

Australia v

New Zealand

Vyrobce - ¢inska firma Changzhou International

* Potomto incidentu - vyvoj nové analytické metody, ktera je schopna
detekovat OSCS.

* V ervnu 2008 byla metoda zavedena do USP, Ph. Eur. a Japonského
|ékopisu.

e Zvyseni kontrolni ¢innosti FDA v oblasti mimo USA.



‘“Elephant Man”’ clinical trial - TGN1412 (1)

In March 2006 eight healthy volunteers were selected to take part the
Phase 1 trial of TGN1412, organised by the US company Parexel

Humanised monoclonal antibody therapy manufactured by German firm
TeGenero

Originally intended for the treatment of B cell chronic lymphotic
leukemia (B-CLL) and rheumatoid arthritis

The men aged 19 to 34 were each paid £2,000 to be given the drugin a
private unit at Northwick Park Hospital in North-West London

The trial was a double-blind, randomized, placebo-controlled study, with
two of the eight subjects receiving a placebo

The drug was given by intravenous infusion, starting at 8am, with an
interval of around 10 minutes between patients, and each infusion lasting
from 3 to 6 minutes



‘“Elephant Man”’ clinical trial - TGN1412 (2)

* Roughly 5 minutes after the last participant had received his dose, the
participant who had received the first dose complained of headache, and
soon afterwards fever and pain

* Unpredicted biological action of the drug in humans The trial resulted in
hospitalization of all six volunteers administered the drug, at least four of
whom suffered multiple organ dysfunction

All of the men were reported to have experienced severe cytokine release
syndrome, resulting in angioedema, swelling of skin and mucous membranes.




“Elephant Man” clinical trial - TGN1412 (3)

Criticism has been raised
that six participants
were given the drug in
such a short time, which
is against the
recommendations of
standard literature

04 Jul 2006 | News | Update from University of Warwick

These updates are republished press releases and communications from members of the Science | Business Network

Drug trial fiasco company goes bankrupt

TeGenero, the company behind the drug trial fiasco that put six healthy volunteers into intensive care, has announced it is filing
for insolvency.

By Nuala Moran L J ﬁ ﬁ D] Eh

]

TeGenero AG, the company behind the drug trial fiasco that put six healthy volunteers into intensive care, has
announced it is filing for insolvency.

The German company says that the unforeseeable adverse reactions caused by its monoclonal antibody
TGN1412 in the Phase | safety trial have made it impossible to attract the investment necessary to continue
operations.

“The adverse events suffered by the volunteers in the TGN1412-HV trial were personally devastating for
everyone at the company, dedicated as they are to the development of medicines which are intended to help
people with serious disease conditions,” the company said in a statement.

MHRA had approved a two-hour protocol, the drug was administered to
all participants within just twenty minutes

The drug was administered ten times faster than it had been in monkeys

Critics of animal testing have cited ... even in species closely related to
humans, are not necessarily predictive of human responses.

15



‘““Elephant Man” clinical trial - TGN1412 (4)

 The MHRA’s paved the way for a further independent report that
made 22 recommendations to improve the safety of Phase 1 trials —
including that volunteers should not be dosed all in the same day.

* New guideline for first-in-man clinical trials published 2007.

* In 2015 it was revealed TGN1412 was making an astonishing comeback
as a potential treatment for arthritis.

* The rights were bought by Russian company TheraMAB in 2006 and
renamed it TABOS8.

* Trials were once again being conducted on humans - but at just 5 % of
the dose used in the Elephant Man tests.

16
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Vyvoj nového léku (1)

Il Prekllml.cky Klinické studie Cena
molekuly VYVOj
REGISTRACE
KLINICKE HODNOCENI
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Tomas Cikrt: Pfib&hy Iékd, SUKL Praha, 2012 [ISBN 978-80-260-1403-4] 18



Vyvoj nového léku (2)

V prdméru pouze 1-2 z 10 000 latek, které jsou syntetizovany v laboratofi,

projdou uspésne vsemi fazemi vyvoje a dostanou se na trh.

Cena vyvoje 1 |éku cca 8 miliard US dolart

Originani léCivo | Generikum Biosimilars
Preklinické a klinické . v
) ano ne castecné
studie
i ) . ano (biowaiver
Bioekvivalencni e,
studie ne nebo klinicka ne
studie Ill.faze)
Délka vyvoje 8-16 let 2 -8let 6 -8 let




Faze klinického hodnoceni

Faze |

Faze ll

(Therapeutic

Faze lll
(Therapeutic

Faze IV

(Farmakologie)

Prvni podani léku
Bezpecnost
Vztah mezi davkou a
ucinkem
Zdravi dobrovolnici
Pacienti
Farmakokinetika
Farmakodynamika

Tolerabilita
ADME

10-100

explorator
Definice davky a
davkovani
Odpovéd na davku
Bezpecnost
Indikace

Pacienti

Farmakodynamika
Farmakokinetika
Tolerabilita
ADME

100-500

confirmator

Ucinnost
Bezpecnost
Risk-Benefit

Pacienti

Kontrolovan3j,

randomizovan3,
komparator a placebo
Klinické bezpecnostni

Studie

mortality/morbidity

500-10 000

(Poregistracni)

Nezadouci ucinky
Risk-Benefit

Pacienti

Bezpecnostni profil
Kvalita Zivota

Farmako-ekonomika

+ 100 -

https://www.ich.org/fileadmin/Public_ Web_Site/ICH_Products/Guidelines/Efficacy/E8/Step4/E8_Guideline.pdfCH E8



Kritéria pro nové lécivo

Dostupné,
vyrobitelné

*Bezpecné,
ucinné, kvalitni

Cenové
dostupné,
hrazené

Prospéch je vyssi nez riziko
Plan rizeni rizik

Posuzovani vlivu na zivotni prostredi



Proc registrujeme?

* Lé&cCivy pripravek nesmi byt uveden na trh, pokud mu nebyla
udélena tzv. registrace (marketing authorisation = MA)

kompetentni regulacni autoritou.

* Reguladni autorita posuzuje predlozenou registracni dokumentaci

z hlediska kvality, bezpecnosti a ucinnosti.

* Béhem celého Zivotniho cyklu pripravku musi drzitel registracniho
rozhodnuti a regulacni autorita trvale posuzovat pomeér riziko -

prospéch pro kazdy pripravek.



Soucasné regulacni prostredi

ICH (International Council for Harmonisation, od 1990)

)< EU+ EFPIA+ FDA+ PAMRA + JPMA + MH Jap + WHO + Swissmedic +
Health Canada (Q,E,S,M)

Narodni a mezinarodni
standardy
EDQM - Ph. Eur,,

FDA — USP/NF

Zakony - Zavazné (hard law)
Eudralex (EU)

Code of Federal Regulations (USA)

Pharmacopoeia = prijata pravidla

tykajici se vyroby, kvality, testovdni, Ered Ilst' - Rules and
uchovdvadni a vydeje lécivych Regulations

pfipravkd a l1é¢ivych Idtek pouZitych Doporuceni (soft law)
k jejich vyrobé.
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erarchie legislativy

e Regulations: Binding legislative acts that must be applied in their
entirety across the European Union.

» Directives: Legislative acts that sets out goals that all EU countries
must achieve. BUT it is up to the individual member states to devise
their own laws on how to reach these goals.

e Decisions: Binding on those to whom they are addressed. This could
for example be an EU country or an individual company.

¢ Recommendations: Not binding and allows the various EU institutions
to make their views known and to suggest a line of action without
imposing any legal obligation to do so.

e Opinions: Allows EU institutions to make a statement in a non-binding
fashion without imposing any associated legal obligations.

NCECECES <
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Regulacni autorita

Kazda zemé ma opravnénou narodni autoritu, ktera je zodpovédna
za regulaci lécivych pripravkl (event. zdravotnickych prostredkd,
doplnk{ stravy a potravin), napf.

e SUKL (Stétni tstav pro kontrolu Ié¢iv) je autoritou zodpovédnou
za regulaci humannich Ié¢ivych pfipravka v Ceské republice.

* EMA (European Medicines Agency) je centralni regulacni
autoritou v Evropské unii. Je zastresujicim, dohlizecim, dozorcim a
poradnim organem pro narodni regulacni autority v EU. Sidlo:
Holandsko

* FDA (Food and Drug Administration) je zodpovédnd za regulaci
|éCiv, potravin, doplnki stravy a kosmetiky v USA.



Evropské instituce - Legislativa

Navrh Schvaleni

Evropska rada Evropsky parlament

Interpretace v pripadé sport
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Evropska komise Komise EU clenskych statu Evropsky soudni dvir
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Role WHO - World Health Organisation

* WHO is the directing and coordinating Broken Chair is a monumental

authority for health within the United ~ Sculpture in wood by the Swiss artist
Daniel Berset, constructed by the

Nations system. carpenter Louis Geneve. ... It
symbolises opposition to land mines
*  WHO cooperates very actively with and cluster bombs, and acts as a

reminder to politicians and others

national regulatory authorities of all of visiting Geneva.

its Member States.

* Itis responsible for providing leadership on global health matters, shaping
the health research agenda, setting norms and standards, articulating
evidence-based policy options, providing technical support to countries

and monitoring and assessing health trends.
27



Registracni procedury pro schvaleni
[&Civ (1)

Evropska Unie

* K & Narodni proce?fjura , -
* * Procedura vzajemného uznavani
* * Decentralizovana procedura
* * Centralizovand procedura

* o X OTC monografie (Némecko)

Latinska Amerika

Narodni procedura

‘ % “Acknowledgment schemes”
(Iéciva registrovana ve vysoce regulovanych
| zemich - USA, EU, Svycarsko, Kanada,
Austrdlie).




Registracni procedury pro schvaleni
[éCiv (2)
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Top 5 pfipravki 2024 - predpovéd’ (2020)

Nazev pripravku Hlavni indikace

Humira Humanni protilatka proti faktoru Revmatoidni artritida, psoriaticka artritida
(Adalimumab) nekrotizujicimu tumory (TNF-a), (PsA) a ankylozujici spondylitida.

Keytruda Humanni monoklonalni protilatka proti = Karcinom mocového méchyre a mocovych
(Pembrolizumab) receptoru programované bunécéné cest, melanom, nemalobunécény karcinom

smrti PD-1 (programmed cell death-1) plic, Hodgkin(v lymfom

Revlimid Inhibuje proliferaci nékterych Mnohocetny myelom, myelodysplastické
(Lenalidomid) krvetvornych nadorovych bunék a syndromy, lymfom z plastovych bunék
zvySuje imunitu zprostredkovanou T-
lymfocyty a pfirozenymi zabijeci (NK-
bunkami), (derivat thalidomidu)

Opdivo Humanni monoklonalni protilatka Melanom, nemalobunécny karcinom plic,

(Nivolumabid) rendlni karcinom, HodgkinGv lymfom,
skvamadzni karcinom hlavy a krku,
urotelidlni karcinom

Eliquis Primy inhibitor faktoru Xa Prevence zilnich tromboembolickych

(Apixabanum) pfihod, prevence cévni mozkové prihody a
systémové embolie, Iécba hluboké Zilni
trombdzy, plicni embolie



Top 10 farmaceutickych firem 2022

Pfizer

AbbVie

Johnson & Johnson

MNovartis

Bristol-Myers Squibb

Roche

Sanofi

Merck & Co

AstraZeneca

GlaxoSmithKline

674
58.4
55.2
52.9
49.1
48.2
471
45.1
42.5
34.9
20 30 40 50 &0 7l

Sales in billion U.S. dallars

a0
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Top 10 farmaceutickych pripravku 2022

Comimaty/Covid-19 vaccine {Pfizer) 29.05
Humira (AbbVie)

Keytruda (Merck & Co.)

Spikevax /Covid-19 vaccine (Moderna)

Eliquis (EM5/Pfizer)

Revlimid (BMS)

Drug nam e lcompany nam e)

Stelara (J&])

Biktarvy (Gilead)

Opdivo (EMS)

Dupixent (Sanofi/ Regeneron)

0 5 10 15 20 25 30 35

Projected sales in billion U.5. dollars



Pracovni prilezitosti

= Preklinicky & Klinicky Vyvoj & Vyzkum
= \lyroba a technologie |éCiv
= Marketing & Prodej

[ JOB ROLES IN THE BIRTH OF A MEDICINE ]

= Kvalita Year0 1 2.3 4 5 6 789710 11 12 13 14 ‘15
Research H Discovery [Phase 1] [Phase 2] [Phase 3][ Phase 4
1 Drug target || Preclinical Trials || Trials || Trials ||D I
" Re g I St ra C e identification) \ Development iH0 approve
h .. I Biochemist Bioinformatics Biotechnologist Manufacture
[ ] Microbiologist
Pha rmacovigliance Geneticist  patent Attorney Regulatory Affairs ~ Medical Sales
Molecular
. biologist Clinical Research Associate  Marketing
u M e d |Ca I Pharmacologist ) i
Cilrganic Toxicologist Medical Writing & Communications
. 7 V7 7 chemist 2
u P rOJ e ktove rl Ze n I Medicinal EfiatmacRlagisk ©Copyright: University of Kent Careers
chemist Immunologist Service www.kent.ac.uk/careers

= Regulatory operations

" Leadership&Management
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Déekuji vam za pozornost.
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