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Klinické hodnoceni novych lécCiv

I. faze klinického hodnoceni

* Prvni podani lidskym subjektu

* Prioritou je hodnoceni bezpecnosti

* Hlavnim cilem je stanoveni tzv. MAXIMALNi TOLEROVATELNE DAVKY (MTD)
* Stanovuji se optimalni davkovaci fezimy pro dalsi faze klinického zkouseni
* Dal$im cilem je popis tzv. BEZPECNOSTNIHO PROFILU PRIPRAVKU

* Farmakokinetické analyzy

* Charakteristické je zarazovani zdravych dobrovolnikt

(v pripadé vysoce toxickych latek=cytostatika pacienti)

* Pocet zarazenych subjektt 10-20

* Pro design je typické navysovani davky obvykle ve skupinach 3 pacientt
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Klinické hodnoceni novych léciv

Randomizace je proces nahodného rozdélovani subjekt
do srovnavacich ramen klinického hodnoceni (kompletni, blokova, stratifikovana).

@ 10

Randomization

Invesﬂganonal
Group

Investigational
Group
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Klinické hodnoceni novych léciv

Il. faze klinického hodnoceni

. Prioritou je hodnoceni ucinnosti lécby

. Hlavnim cilem této faze je tedy neukoncit je v pripadé slibné ucinnosti a
naopak ukoncit je v pripadé prukazu ucinnosti nedostatecné

. Hodnoceni bezpecnosti a tolerance

Vysledky této faze jsou rozhodovacim bodem zadatele o registraci lécCivého
pripravku pro jeho testovani v dalSich fazich

. Experimenty jednoramenné a dvojramenné

. Zarazovani jsou pacienti spliujici vstupni kriteria (diagnoéza, pokrocilost onem.)
Pocet subjektli 20-200

. Lécivo je podano soubrou a vyhodnocen podil respondérti, pokud
neodpovida predpokladu je studie ukoncena, v opacném pripadé zarazeni dalsi
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Klinické hodnoceni novych léciv

lll. faze klinického hodnoceni

 Z predchozich fazi mame informace o bezpecénosti, davkovani a ucinnosti

. Cilem této faze je prostrednictvym rizeného experimentu primé

srovnani bezpecnosti a ucinnosti hodnoceného pripravku s kontrolou, kterou muze
byt placebo nebo aktualné pouzivana nejlepsi lécba.

. Hlavnim cilem je prinést data prokazujici, ze ucCinnosti a bezpecnost léCivého
pripravku jsou stejné nebo lepsi nez u dosud pouzivanych pripravku

. Zarazovani jsou pacienti spliujici vstupni kriteria (diagnoéza, pokrocilost onem.)
. Pocet subjektli 100-1000

. Randomizace, paralelni, cross-over usporadani

IV. faze klinického hodnoceni

. Hodnoceni provadéna az po registraci daného pripravku a zahajeni
jeho pouzivani v bézné lécebné praxi

. Hlavni cil ovérit vlastnosti Iécivého pripravku v realném prostredi
v realnych populacich pacientt
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Klinické hodnoceni novych léciv

INTERIM ANALYZA -

planované jednorazové nebo opakované statistické zpracovani dat klinického
hodnoceni s predem jasné definovanymi kritérii pro pripadné ukonceni nebo
pokracovani experimentu v zavislosti na vlastnich vysledcich interim analyzy.
ETICKE A EKONOMICKE DUVODY

ZASLEPENI —
single blinding — zaslepena je pouze jedna strana subjekt hodnoceni

nebo investigator

double blinding — zaslepeni jsou subjekty hodnoceni i investigator
triple blinding — zaslepen je i personal spravujici data experimentu
Zaslepeni je prvek designu vyznamneé zvysujici jeho objektivitu.

METANALYZA —
je metodika sofistikovaného zobecnéni vysledkl dvou a vice nezavisle

Provedenych experimentu.
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Strategie cilené lécby

Ligand-toxin konjugaty
antagonisté mAb TK inhibitory H
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Terapeutické protilatky

* Emil von Behring — objev protilatek, terapeuticky vyznam coby ,,magickych strel i
otravenych Sipu“ - polyklonalni

e Paul Ehrlich zavedl pojem imunita, antigen, protilatky, imunoterapie

e 1975 C.Milstein a G.F.Kohler popsali technologii tvorby MP (1984-Nobelova cena)

V jedné hybridni linii spojili biologické vlastnosti B-lymfocytu tvoriciho protilatky a
nadorové bunky myelomové rady (tzv. hybridomova technologie) - monoklonalni

Hybridize

O
O
Q
O

Plasma cells  Myeloma cells

/ y'.\b~ i
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Ab.3° ,\ ﬁ ﬁ U
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Struktura protilatky - imunoglobulinu

F(ab),

Fab
1

Vi

c, 4

\
» 4
Pepsin Papain
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V = variabilni
domeéna (antigenni
variabilita)

C = konstantni
doména (vazba
komplementu, vazba
na Fc receptor
imunokompetentnich
bunék ...)

1-3 — hyper-
variabilni oddil
(antigenni specifita)

V -V, =Fv (vazba
antigenu)

K, 8, a, v, € = izotypy
tézkych fetézcu (IgM,
IgD, IgA, 1gG, IgE)
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antigen

@(,X Priprava monoklonalnich
@ protilatek
(Bl:llérlr’]g)%{tylw smrtelne)ooo @@(HGPRT It;;umr(\)é;]r)lﬁglll;

PEG Nemodifikované mysi mAb -
B ooyt bury rpslom pro lidsky organismus jsou
@ @ ° cizorodé a vyvolavaji
zemie *“e‘em"awy -~ zemfe v HAT médiu imunitni odpovéd
selekcevHATméd,u tj. tvorbu antimysich
| protilatek (tzv. HAMA),
@ (HGPRT. 19+, nesmreing) které vedou aZ k anafylaxi
4L > Ci sérové nemoci

l

screening bunééné populace
a identifikace klonu produkujicich protilatky

Humanizované mAb (chimerické humanni/mysi) —

klonovani bunék

produafcich prosidty pFipravuji se spojenim hybridomové a DNA
" rozmnozeni . ’ .
" vhodngeh Kong rekombinantni technologie
g Variabilni usek MP kéduijici antigenni specifitu
"q je mysi
nviro o - Konstantni usek MP je z lidskeho imunoglobulinu
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Typy monoklonalnich protilatek

N % @®‘Ir@<$‘lr0$‘lr0

Mysi MAb Chimerické MAb  Humanizované Humanni MAb

100% mysi 34% mysi MAD 5-10% mysi 100% lidské
*Hypersensitivita * Hypersensitivita * Hypersensitivita * Hypersensitivita
* Vysoké hladiny * Nizké hladiny * Nizké hladiny * Nizké hladiny
neutralizujicich neutralzyjicich neutralizujicich neutralizujicich
., protilatek protilétek -y ”
protilatek (rituximab) protilatek
T (trastuzumab) -
(nepouzivaji se) (panitumumab)

Strana 13 © Ondfej Slaby, 2009



Biologické ucinky navozené mAb

aktivace ':
receptoru cbe : ABCC

neutralizace

fagocytéza

komplement

Obr. 11.5.2. Mechanizmy uc¢inku monoklondlnich protilatek. Protilatky plsobi bud’ specificky pfimou vazbou na cilovou
strukturu (neutralizace ligandu nebo receptoru, aktivace receptoru), nebo prostiednictvim efektorovych bunék imunitniho
systému (fagocytéza, ADCC, CDC).
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Biologické ucinky navozené mAb/typy monoklonalnich protilatek

Pfimy ucinek (indukce apoptdzy, interference s receptorem a ligandem,

ovlivnéni ucinnosti klasickych cytostatik, dle charakteru antigenu)
U¢inek zprostifedkovany cytotoxickymi burikami (ADCC)
Uéinek zprostfedkovany komplementem

nadorova nadorova T-lymfocyt
bunka burikas a

. .
\\//

5
‘I
makrofag makrofag

Obr. 35 Rozdily mezi (A) monospecifickou a (B) bispecifickow/trifunkéni monoklondlni provildtkou
(1) Mechanismus ADCC. (2) Atrakce T-lymfocytu. (3) Indukce kostimulacnich molekul. (4) Specificka protinadorova imunita.
(5) Nespecificka protinddorova imunita.

Protilatky
klasické-monospecifické
-bifunkcni

a bispecifické — trifunkcni
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klasicka protilatka protilatkove fragmenty
VH WL VH VL m
Fv VL
scFv
Fab
bispecificka trifunkéni protilatka bivalentni bispecificka
diabody diabody
VHA VLA VHA VLA
Fab1
VL1 VHI VH2 VL2

Fe

Obr. 36 Porovndn( Klasické (bivaleninf monospecifické) protildtky, bispecifické/trifunkéni pronildtky a protildi-
kovveh fragmentu
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Typy monoklonalnich protilatek

Protilat ky ko nj ugovan é (radioﬁjl]:?\r:)ulggjugét) <
Konjugované s imunotoxiny |
Konjugované s radionuklidem (Ab konjugovans

s chemoterapeutikem)

Konjugované s cytokiny
Konjugované s cytostatiky

nadorova
imunotoxin

neucinna
latka
ADEPT
uéinna
protilitka konjugovana latka

ibritumomab Cista protilitka sradionuklidem

Obr. 11.5.9. Konjugované protilatky. Terapeuticka uc¢innost monoklonal-

nich protilatek mize byt umocnéna konjugaci s radionuklidy, chemotera-

peutiky, toxiny ¢i enzymy, které lokalné v misté tumoru katalyzuji pfeménu

netoxického substratu na toxicky produkt.

\ v
N \

*¥ radionuklid

tiuxetan

Obr. 34 Zndzornéni iicinku protildky konjugované s radionuklidem
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Prehled mAb pouzivanych v terapii nadorovych onemocnéni

genericky nazev | obchodni piipravek cilova struktura pouziti
trastuzumab Herceptin HER-2-neu Ca prsu
cetuximab Erbitux EGFr NSCLC. ORL
bevacizumab Avastin VEGF ruzné nadory
rituximab Mabthera CD-20 NHL. B-CLL
ibritumomab Zevalin (*°Y1) CD-20 NHL
tositumomab Bexxar (131) (1311) CD-20 NHL
epratuzumab CD-22 human. NHL
apolizumab HLA-DR NHL
alemtuzumab MabCampath CD-52 B-CLL
gemtuzumab Mylotarg CD-33 AML
oregovomab Ovarex CA-125 Ca ovaria
edrecolomab Panorex CO-17-1A Ca kolorekta
panitumomab| EGFr Ca ledvin (RCC)
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Strategie cilené lécby

Ligand-toxin konjugaty
antagonisté mAb TK inhibitory H

. <t -

v
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

Inhibice receptorovych tyrozinkinaz (RTK)

RTK predstavuji klicové receptorové struktury extracelularnich
mitogennich signali .
(rGistovych faktorti) 3 -

LSS SLS LIS IS et e 0000 00eteesy

........ 900000000000 0! 0000006060006 0600060600046 060000

P P\
Monoklonalni protilatky jsou zacilené /! \
PLC SRC ek

bunééna
membrina

na extracelularni receptorovou
cast RTK.

Nizkomolekularni tyrozinkinazové l 1 l
Inhibitory (TKI) blokuji
intracelularni tyrozinkinazovou
doménu RTK.

PKC FAK

«— ;3
2 44— & 44— : 4 :

mTOR

Obr. 38 Signalni drahy aktivované receprorovymi ryrozinkindzami (RTK)
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

EGF, TGFa, HB-EGF Over-expression
AR, Epi, VGF <

extracelularni doména
(ECD)

Receptor, ktery vaze
odpovidajici ligand

Transaktivace
(ErbB2, ErbB3, erbB4)

<

L L
5 it
transmembranovy GDE_~ Aktivace

helix - pfenasi signal

pres b. membranu

intracelularni domena (ICD)
Je sloZzena ze 3 komponent
*juxtamembranové domeény
*katalytické domény
*karboxy konce

@ Fosforylace

Fosforylace

G

Fosforylace

DNA
syntéza
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Receptorova rodina ErbB a nadorova onemocnéni

ErbB jsou receptory typu 1 tyrozinkinazové rodiny, predstavuji 4
transmembranové glykoproteiny ErbB1 -ErbB4 (HER1 -HER4)

« Mutace proteinu (napr. EGFRvIII—
konstitutivné aktivni delece mutce nema
vétsSinu z extracelularni domény — ECD) Aktivace transdukce

signalu

« Genetické zmény jejichz vysledkem je
overexprese bud” normalnich nebo
konstitutivneé aktivnich receptoru

bt 2 b 1 et

+ Produkce EGF nebo TGF-a nadorovou
bunkou: vznik autokrinni smycky
vedouci ke konstitutivni aktivaci ErbB-1

ErbB1-1 ErbB2-2 ErbB2-3 ErbB1-2 ErbB2-4

Autokrinni smycka
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

Tab. 7 Prehled vybranych receptorovich tyrozinkindz

RTK ligand malignity s prokazanou
deregulaci RTK
(overexprese, mutace)
EGFR/ epidermal growth factor receptor £EG . i 3
ERBB1/ | /avian erythroblastic leukemia Tab. 10.3.4. Frekvence exprese EGFR1 v lidskych nadorech.
HER1 viral oncogene homolog/human
epidermal growth factor receplor Lokalizace tumoru % tumoru exprimujicich EGFR1
ERBB2/ | neuroblastoma/glioblastoma ney
HER2/ | derived oncogene homolog ig{ | hlava a krk 80-100
NEU
MET hepatocyte growth factor receptor | g | PF=2 14-91
IGFIR Insulin-like growth factorreceptor | 1IGR | |edvi ny 50-90
PDGFR | platelet-derived growth factor pp| | plice 40-80
i lusté st 25-77
FGFR fibroblast growth factor receptor FG tluste strevo _
ovarium 35-70
FLT3 FMS-like tyrosine kinase FLT prostata 30-47
ligd
KIT/SCER | stem cell factor receptor sc{ | gliomy 40-63
D117 Md K
FLT1/ FMS-like tyrosine kinase/vascular VE( pankreas 30-30
VEGFR1 | endothelial th factor recepto v v iy
v Ll S mocovy méchyf 31-48
KDR/ kinase insert domain receptor/fetal | VE(
VEGFR2/ | liverkinase
FLK1
CSFIR/ | colonystimulating factor 1 receptor | CSF1/ colony stimulating factor 1/ | karcinom prsu, ovaria,
c-FMS /feline McDenough sarcoma viral M-CSF macrophage-colony endometria, plic, prostaty,
CD115 | (v-FMS) oncogene homolog stimulating factor pankreatu, ledvin Klener, 2010
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Cross-talk s dalsimi onkogennimi signalnimi drahami

Growth Factor

Estrogens Receptors
9 Cytokine

Intogrins = Receptor
)m
S

——r
G.,cog( \d'::; —ad
®" (P

Ao S
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

mADb se vazi na

_< extracelularni
epitopy nemusi Proteolytické stépeni

rozeznat mutanty /(
Mutace ’

M. Malé molekuly pusobi i na mutanty nebot’ maji jiné vazebné misto

trana
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EGF recepto
erb B

erb B,

Nadorova bunka
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Tab. 8 Prehled inhibitoru RTK a PTK
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Cilena lécba: terapie cilena na nadorové bunky — inhibice proliferace

inhibitory s pfevainym Géinkem na EGFR/ERBB/HER

gefitinib Iressa EGFR/ERBB1/HER1

erlotinib Tarceva EGFR/ERBB1/HER1

lapatinib Tyverb EGFR/ERBB1/HER1, ERBB2/HER2/NEU, ERK1, ERK2, AKT
BIBW-2992 Tovok EGFR/EREB1/HER1, ERBB2/HER2/NEU

canertinib - pan-ERBB

neratinib - ERBB2/HER2/NEU

vandetanib Zactima EGFR/ERBB1/HER1, VEGFR

Inhibitory s pfevainym Gcinkem na VEGFR jsou uvedeny v kapitole 11.1.2.

multikindzové inhibitory

imatinib Glivec BCR-ABL, KIT

dasatinib Sprycel BCR-ABL, KIT, POGFR

nilotinib Tasigna BCR-ABL, KIT, POGFR

bosutinib - BCR-ABL, SRC

sunitinib Sutent VEGFR1-3, PDGFRA/B, KIT, RET, CSFIR

sorafenib Nexavar VEGFR1-3, PDGFRB, RAF (CRAF, BRAF, véetné
mutovanych BRAF), KIT, RET, FLT3

lestaurtinib - FLT3, JAK2, NTRK1/TRKA, NTRK3/TRKC

tandutinib - FLT3, PDGFR, KIT
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Cilena lécba: terapie cilena na nadorové bunky — inhibice angiogeneze

VEGF
G
bevacizumab
VEGFR-2

i | s

11 &o

N

T e

Akt/PKB

I\ %o

prezivani proliferace
endotelialnich endotelialnich
bunék bunék

|
emmEEmEmR

Obr. 11.5.8. Mechanizmus uc¢inku monoklonalni protilatky
bevacizumab. Bevacizumab vaze VEGF, ¢imz zamezuje jeho
interakci s prislusSnym receptorem a komplexné inhibuje
neoangiogenezi v nadorové tkani.
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Sorafenib — dualni inhibitor RAF kinazy a VEGFR’

nadorova bunka burika endotelu

Obr. 11.5.13. Mechanizmus Ucinku dualniho inhibitoru sorafenibu. Sorafenib specificky inhibuje tyrozinkindzové domény
receptorll pro angiogenni faktory (VEGFR, PDGFR, FGFR2) nachazejici se na podpurnych endotelovych bunkach. Zaroven
v ramci signalnich drah aktivovanych onkoproteinem Ras blokuje zastupce kinazové rodiny Raf, ktefi prenaseji dllezité
mitogenni signdly v nddorovych burkach. Jejich inhibici je pozastavena proliferace a bunka je nasmérovana do apoptdzy.
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Schematické znazornéni strategii cilené lécby

cetuximab ) /Ik trastuzumab

bt

®
?

\ panitimumab

ki

gefitinib
erlotinib
lapatinib

i

Everolimus / zablokovana l
) signalizacni draha ™

i/ ‘\
( aktivace transkripce, ) .
. \_priichod bun&&nym cyklem J

Obr. 11.5.12. Strategie cilené terapie v ramci EGFR a Her2 sig-
nalni drahy. Extracelularni doména receptorovych tyrozinkinaz je
inhibovana ucinkem monoklondlnich protilatek. V pfipadé akti-
vacni mutace intracelularni tyrozinkindzové domény receptort
jsou ucinné pouze nizkomolekularni inhibitory.
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Cilena lécba: prediktivni onkologie: individualizace lécby
*
Test for drug response 000eeea

e | Mﬁﬁﬁfﬁm

IS = - U
.J,v LJ) Jv J) LJw : ¢ - el 86% benefit from therapy
Wwwllpllpl | == D (r_(:r_ﬁr_((r_r Crg
I3 - ? e

60% benefit from | - ‘Iﬂlﬂﬁrﬁl— ‘Il ‘Il
th b e

orapy L e A S Try alternate therapy

C C

W High response to therapy W Low response to therapy

* Specific blood, tissue or imaging marker that can be used to prospectively identify
patients for efficacy, safety and/or dose

Strana 32 © Ondfej Slaby, 2009



Uvod do molekularni mediciny 8/12

Cilena lécba: prediktivni onkologie: individualizace lécby
Results: K-Ras Mutation and OVERALL RESPONSE RATE

K-Ras Wildtype

@ ORR=No
B ORR=Yes
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Estimated Probability of Survival
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K-Ras Mutant
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Dalsi priklady prediktivnich biomarkerti — companion diagnostics

pfitomné mutace

rezistence k inhibitoram

Obr. 10.3.30. Zpusoby terapeutické inhibice EGFR. EGF
1) Monoklonalini protilatky (cetuximab, panitumumab) 1) cetuximab
pouzivané v terapii kolorektalniho karcinomu. panitumumab
2) Nizkomolekularni inhibitory (gefitinib, erlotinib)
aplikované u nemalobunécného karcinomu plic. qe800002 qe900020%
sesesiq Wit
2) gefitinib /\ Ras

erlotinib

pritomné mutace @ l
ﬁ l Mek
senzitivni k inhibitoram l
C Akt MAPK
\ /

bunécéna proliferace
a prezivani

Nemalobunécny karcinom plic a mutace EGFR - erlotinib, gefitinib
Maligni melanom a mutace V600E genu BRAF — vemurafenib
GIST a mutace KIT a PDGFRA - imatinib a sunitinib
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"Here's my

sequence..."
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Moderni transportni systémy lécCiv: lipozomy a nanocastice

Idealni nano- transportni systém zajisti, ze konjugat |éCiva a transportniho systému

doruci léCivo do specifického mista ucinku.

Lipozomy a nanocastice jsou ucinné technologie pro racionalni transport cytostatik

v terapii nadorovych onemocneéni.

Jejich uziti zlepsuje farmakokinetické vlastnosti, kontrolované a prodlouzené
Uvolnovani |éCiva a predevsim nizsi systémovou toxicitu.
Do praxe zaveden lipozomalni Doxil (doxorubicine), nanocasticovy na albumin vazany

Paclitaxel — nab Abraxane

Lipozomy jsou to Castice tvorené fosfolipidy

o velikosti 0,6—2 pum s tloustkou membrany 5 nm.
Jadro i povrch lipozomu je hydrofilni, vnitfek
membrany tvori lipofilni zbytky mastnych

kyselin fosfolipidU. Lécivo je mozné umistit

podle jeho povahy do jadra nebo

do membrany lipozomu

Strana 34
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Moderni transportni systémy léciv: lipozomy a nanocastice

Hydrophilic > <« Targetting

head ligand
Lipid-soluble Drug
drug

Hydrophobic DNA
tail

Protective

layer (PEG)

TRENDS in Pharmacological Sciences

Upravou povrchu lipozom(, napf. polyethylenglykolem (PEG), se prodlouZila jejich cirkulace v krevni
plazmé a ¢astecné se vyresil problém s jejich vychytavanim jako cizorodych ¢astic
retikuloendoteliarnim systémem. V praxi se pouzivaji léky s obsahem daunorubicinu a doxorubicinu
jako parenteralia ve farmakoterapii Kaposiho sarkomu, s amfotericinem B pfri |é€bé invazivnich
plisnovych infekci, s obsahem virionl inaktivované hepatitidy A jako ockovaci

latka proti hepatitidé A, pfi terapii syndromu dechové nedostatecnosti u predcasné narozenych déti s
obsahem lyofilizatu z hoveézich plic, s ekonazolem pfi lokalnim oSetfeni plisnovych koznich chorob.
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Lipozomy: aktivni a pasivni transport

Liposome with

ligand attached
for active
targeting
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Nanocastice
V soucasnosti je nejvétsi pozornost vénovana nanocasticim. Svou velikosti 60—-300 nm
lezi nanocastice na subcelularni drovni a mohou se proto jako |ékové mininosice cilené
usmeérnit do organd, tkani, bunék a nemocnych ¢asti téla, které zlstavaji jinym lékovym
formam nedostupné. Jsou uréeny pro cilené uvolfiovani a plsobeni |éCiva pfi
peroralnim, parenteralnim i lokalnim podani, pro aplikaci do oka i nosu. Volbou metody
pripravy a aktivizaci povrchu nanocastic je mozné je nasmérovat na rlizné cile. Ocekava
se od nich vyuziti pfi cileném transportu cytostatik, specifickém doruceni antibiotik a
antiparazitik, v peroralnich Iékovych transportnich systémech pro inzulin, proteiny,
geny, pro vakciny i pri topické aplikaci.

NANOTOBOLKY Solid lipids nanocastice

Polymerové nanocastice

PLA - polyactid

PR o A PLGA - poly(D,L-lactide—co-glycolide)
PEG - polyethylenglykol

NANOSFERY

Zlaté nanocastice
Albuminové nanocastice

s leévem rozptylenym v Eastici s laéivem naadsorbovanym na povrchu &astice
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100

Cell Survival (%)
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107 -o-Unloaded SLN
0 T T
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Concentration (nM)
TAENDS in Pharmacological Sciences

Figure 3. Benefits of SLNs in doxorubicin delivery. The cytotoxicity of
free doxorubicin, doxorubicin-loaded SLNs and unloaded SLNs at different
concentrations towards HT-29 colorectal cancer cells after 72-h exposure is
shown. Doxorubicin-loaded SLNs showed the highest toxicity, offering more
potent tr than | free doxorubicin. Unloaded SINs did
not induce any significant toxicity, which confirms that they are a safe carrier
in vitro [19].

Nanocastice

Step 2

Syntéza zlaté nanocastice

Table 2. Representative examples of studies using drug-carrying nanoparticles®

NP polymer Drug Study findings
PLGA [55] Doxorubicin A single intravenous injection of doxorubicin conjugated to PLGA NP exhibited tumour
suppression comparable to that by daily injection of free doxorubicin over 12 days; thus,
the NP formulation was much more potent and longer-lasting than conventional free
doxorubicin
PLGA [51] Dexamethasone A single administration produced at least 14 days of sustained drug release; clinical
application in suppressing glial cell proliferation on implanted electrodes for
neurophysiological investigations into neural activity
PLA [56] Thyrotropin- Intranasal delivery through olfactory neurons to reach the brain; tested for an anticonvulsant
releasing in an animal seizure model; clinical application of peptide delivery to the brain without
hormone crossing the blood-brain barrier
PLA-TPGS/MMT NP [57] Docetaxel Much greater cytotoxic potency to cancer cells than Taxotere™ (current clinical form of docetaxel)

NP, nanoparticle; PLA-TPGS/MMT NP, poly(lactide}-D-a-tocopheryl polylethylene glycol) 1000 succinate copolymer incorporated in montmorillonite medical clay.
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Nanocastice

Box 2. Potential therapeutic opportunities for nanoscale drug delivery in diseases other than cancer

Nanocarrier Drug Disease Advantages
SLNs [60] Insulin Diabetes mellitus Pulmonary administration possible; an inhaler
or nebulizer replaces a daily regimen of subcutaneous
injections, increasing patient satisfaction and compliance
Liposomes [61] Vasoactive Hypertension Potential new treatment for hypertension using VIP, which
intestinal is limited by rapid degradation in blood by first-pass hepatic
peptide (VIP) circulation
Liposomes Amphotericin B Fungal infections Reduced renal toxicity and greater efficacy in treating

(Ambisome®™) [62]

Gold nanoparticles [63]

PLGA nanoparticles [64]

PLGA nanoparticles [65]

SLNs [66]

Ciprofloxcain

Rifampicin

Benzocaine

Clozapine

Bacterial infections
such as urinary tract
infections, cystitis,
sinusitis and respiratory
tract infections
Tuberculosis

Pain relief

Schizophrenia

fungal infections; also used to treat other parasitic

infections

Sustained release over a number of hours and greater local
concentrations of the free drug at sites of pathology because
of the permeation and retention effect

Sustained release over a period of days, increasing patient
compliance because medication can be taken weekly instead
of daily over a period of 6 months

Parental administration possible; only a single dose is required
for a prolonged effect

Higher clozapine concentrations across the blood-brain

barrier compared to clozapine solution

Malam et al., Trends in Pharmacological Sciences, 2009
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Albuminové nanocastice

Abumin —— o "o 0 (
o 0 —ﬂ 080 \

Qo
W_I ili 0
- S B
N

A B Cc

Fig. 1. Albumin receptor-mediated uptake of infravascular constituents and transcytosis across the vascular endothelium. A) Albumin receptor (gp60) binds albumin
which in tumn results in binding the induction of caveolin-1; B) caveolin-1 induces membrane budding and internalization, trapping free and protein-bound plasma
constituents; C) formation of caveolae, leading to transcytosis and extravascular deposition of the caveolae contents.

.
Abraxane je prvni |éCivo zalozené na
3o A\ — g, nanoéésticovém transpc?rtu vazlczou na?
g albumin (nab). nab Paklitaxel ma proti
f - volnému paklitaxelu del$i polocas a
. proti rozpoz§tédlu Cremophor EL, ve kterém
je paklitaxel podavan nezplsobuje
RN e hypersenzitivitu.
Fig. . 0 tae pogeaon n  plase ! il c el e R gl
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IMUNOTERAPIE

Imunoterapie predstavuje takovy zpulsob lécby, kdy k navozeni Iécebného
ucinku vyuzivame bunky nebo molekuly imunitniho systému.

Mezi imunoterapii mGZeme radit také Ié¢ebnou vakcinaci, kterd navozuje
specifickou imunitni odpovéd vici onemocnéni, které propuklo jiz pred zacatkem
vakcinace.

Naopak preventivni vakcinaci, kdy o¢kovani provadime pred propuknutim
onemocnéni, mezi imunoterapii neradime.

Pasivni imunoterapie

Pasivni imunoterapie znamena podani jiz hotovych slozek imunitniho systému,
které jsou schopny plnit svou funkci bez jejich dalsi aktivace. Mezi pasivni
imunoterapeutické postupy radime napfr. podani smésného koncentratu
imunoglobulinl ziskanych z krevni plazmy zdravych darcu krve.

Aktivni imunoterapie

Aktivni imunoterapie znamena, Zze podanim latek nebo bunék dojde nejprve k
aktivaci imunitniho systému, ktera nasledné zabezpeci |éCebny efekt. Vlastni
podané latky nebo bunky pfitom zpravidla nemaji pfimy IéCebny efekt. Ten je
dosahovan teprve specifickou nebo nespecifickou aktivaci imunitniho systému.



IMUNOTERAPIE - prehled

A) B) C) D) E) F) G)
nadorova nadorova nadorova nadorova nadorova nadorova
burika burika burika burika burika burika
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Tab. 11.7.1. Pfehled dilezitych antigennich struktur, které byly cilem aplikace terapeutickych peptidovych vakcin ve vy-
znamnych klinickych studiich nadorovych a infekénich onemocnéni v poslednich deseti letech. PAP — prostatic acid phos-
phatase, HbsAG — hepatitis B virus infection.

Cilovy antigen Onemocnéni Studie Pocet Faze Zacatek
(nazev vakciny) pacientd | klinického studie
testovan(
HER2 karcinom prsu NCT01152398 20 | 2010
HER2 karcinom prsu Benavides (2011)* 182 Il 2007
PAP (Sipuleucel-T®) | karcinom prostaty NCT01306890 512 1]l 2011
CTP37-DT metastazujicl karcinom tlustého stteva | Moulton (2002)** 144 Il 2002
HSPPC-96 rendlnf karcinom Jonasch (2008)*** 728 1} 1999
(vitespen)
MuUC1 karcinom pankreatu NCT00008099 20 | 1998
Bcr-Abl chronickd myeloidni leukemie Cathcart (2004)**** 14 Il 2001
gp100 melanom Schwartzentruber (2009)¢ 185 1} 1999
MuUC1 pokrocily kolorektaInf adenom NCT00773097 46 Il 2008
MuCi nemalobuné¢ny plicni karcinom NCT00409188 1514 1] 2006
(studie SART)
MART-1 melanom NCT00303836 58 Il 2005
Ras karcinom pankreatu, tlustého stfeva NCT00019006 33 | 1995
a nemalobuné¢ny plicni karcinom
HSsAG hepatitida B NCT00277576 48 | 2006
gp120 (REMUNE ®) AIDS NCT00005758 472 1] 2005
Kody studii dle www.clinicaltrials.gov.
Odkazy:

* Mittendorf EA1, Clifton GT, Holmes JP et al. Clinical trial results of the HER-2/neu (E75) vaccine to prevent breast cancer recurrence in high-risk
patients: from US Military Cancer Institute Clinical Trials Group Study I-01 and |-02. Cancer 2011; 118: 2594-2602.

** Moulton HM, Yoshihara PH, Mason DH. Active specific immunotherapy with a beta-human chorionic gonadotropin peptide vaccine

in patients with metastatic colorectal cancer: antibody response is associated with improved survival. Clin Cancer Res 2002; 8(7): 2044-2051.
*** Jonasch E, Wood C, Tamboli P. Vaccination of metastatic renal cell carcinoma patients with autologous tumour-derived vitespen vaccine:
clinical findings. Br J Cancer 2008; 98(8): 1336-1341.

¥*¥¥ Cathcart K, Pinilla-Ibarz J, Korontsvit T. A multivalent bcr-abl fusion peptide vaccination trial in patients with chronic myeloid leukemia.
Blood 2004; 103(3): 1037-1042.

§ Schwartzentruber DJ, Lawson DH, Richards JM et al. gp 100 peptide vaccine and interleukin-2 in patients with advanced melanoma.

N Enal J Med 2011; 364(22): 2119-2127.



IMUNOTERAPIE — Dendritické bunky

néd_orové dendriticka
antigeny burnka

pacient s nadorem

ledviny test kvality
(den 14-28) a bezpeclnosti
(den 14-28)
6dbér bilych krvinek zpracovéhi a vybér
z krve (den 7) prekurzort dendritickych
bunék (den 7)
usmrceni nédorové ‘ b' ) " podani
bunky pacientovi

Obr. 11.7.2. Schéma pfipravy protinadorové vakciny na bazi dendritickych bunék.



IMUNOTERAPIE — Dendritické bunky

Kazuistika: 21leta divka diagnostikovana s alveolarnim rhabdomyosarkomem levého pfedlokti s postizenim axilarnich
(podpaznich) lymfatickych uzlin. Molekularné biologicky zjisténa mutace v genu PAX3/FKHR, ktery je spojen s extrémné
nepfiznivou prognézou a medianem pieziti 12—14 mésicq.

Sled udalosti v mésicich od stanoveni diagnézy (mésic 0):

mésic 0—6 — standardni chemoterapie (2. linie)

mésic 12 — lokalni recidiva

mésic 12-17 — chemoterapie 3. linie — bez klinické odpovedi

mésic 18 — operace a zahajeni pripravy vakciny z DC a autologniho nadorového lyzatu

mésic 19 — lokalni radioterapie

mésic 20-23 — podavani DC vakciny spolecné s metronomickou chemoterapii
(metronomicka = nizkodavkovana s cilem potlaceni nezadoucich regulacnich T-lymfocytti)

mésic 30 — recidiva lokalné a v kostni dieni

mésic 31 — operace a priprava DC vakciny

mésic 32—-34 — podavani DC vakciny spolecné s metronomickou chemoterapii

mésic 38 — pacientka Zije plnohodnotny Zivot ve stabilizované chorobé

velikost nadoru

140 -|—..._ CHT 2. linie CHT 3. linie .__.Ilnetrmomickéterapie metronomicka terapie
. RT. dendritické dendritické
) :(z)g BN . bunky buriky
e HiH HH
60 AN M
40
0 - —4 N+
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

mésice

Obr. 11.7.3. Kazuistika pacientky s rhabdomyosarkomem Ié¢ené dendritickymi burikami.



Terapeutické vyuziti kmenovych bunék

‘ Obr. 11.8.5.
Vyuziti kmenovych bunék.
Bunky
» organové kmenové bunky
» embryonalni kmenové burnky
* indukované pluripotentni kmenové burnky

f \

Aplikace
* regenerativni medicina a tkanové inZenyrstvi
* modelovani nemoci ¢lovéka

= * vyvoj léCiv
= * testovani toxicity latek

d Technologie izi
‘ . S _R{Zlka
propagace bune ? » etické aspekty
» vznik nadoru
® . imunitni reakce

J

\ ' + diferenciace bunék
‘ + geneticka modifikace bunék
« trojrozméma organizace bunék




Co je to genova terapie?

. The insertion of usually genetically altered genes into cells especially to replace defective genes in the treatment of
genetic disorders or to provide a specialized diseasefighting function

- Merriam-Webster Dictionary

. Experimental treatment of a genetic disorder by replacing, supplementing, or manipulating the expression of abnormal
enes with normallv functioning genes

- Natio
« |{ Genova terapie je nastroj moderni terapie zalozeny na cilené modifikaci (Ci interakci?) s bunécnou
a DNA/RNA za ucelem aktivace nebo inaktivace konkrétniho genu. ???

- Amer

. Gene therapy is the use of DNA as a pharmaceutical agent to treat disease
- Wikipedia

Genova terapie monogennich podminénych chorob je |é¢ebny postup pfi némz je do genomu pacienta vloZzena sekvence
DNA pricem? tato sekvence kéduje néjaky chybéjici nebo nefungujici protein.



1990 PRVNI GT.on +

ADA-SCID

Milniky a piky genové terapie

Figure 3: Number of gene therapies in active development
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Zakladni typy genové terapie

Genova terapie somatickych bunék vs. Geneva-terapie-zaredeénych-bunék-(celosvétové moratorium)

Genova terapie EX VIVO vs. IN VIVO

klonovany gen X
LAY (VAN expanze

vybranych
\PA genu x s N
\°°o —» % —> ®®%®

/ pacientovy néktere A

buriky X z bunék nyni X ®® -
\ ex vivo “
\ @), /

aplikace geneticky modifikovanych
bunék zpét pacientovi buriky X




Tri zakladni principy genové terapie

a Gene augmentation b Gene suppression
Cell with loss-of- Cell with Cell with gain-of- Cell with
function defect corrected function function defect corrected function
-, — - — - — - — i
- -
/Gene transfer /Gene transfer
- -
Functional gene Inhibitory sequence
(miRNA, shRNA)
C Genome editing Repair using... End result
Correction
Cell with - iy ook
fieiechve gene : g I directed repair — ? Corrected cell
[
--- — + Knock-down
Diseased cell
- | Non-homologous —C>'<§—
) end joining 2
Gene transfer
of nuclease dditi =)= Non-functional allele
+ DNA template Addition
=)= Functional allele
a1 - Functional allele following

targeted gene insertion

Anguela XM, Annual Review of Medicine, 2019



Genova terapie

Prvni Uspésna genova terapie byla provedena 24. zari 1990 v NIH v Marylandu

NH, OH
NH,
R R
(deoxy-R) {deoxy—R]
dATP
AMPDA /L
AMP ——» {MP dAMP
AK Ko 1 #MIL ADA | Ke 400 uM 4] ADA
A —H— | Defect dA —A—e d|
K 25 uM * K 7 um
Uric acid

oCtyrleté dévcatko trpélo nemoci zvanou ADA (adenozin deaminazova deficience)
,bublinové déti“

e pii |[éCbé do ni byly vlozeny jeji vlastni bunky imunitniho systému (zejména T-
lymfocyty), které byly upraveny tak, Zze do nich byla ex vivo vloZzena normalni
kopie ADA genu

enékolik tydn( po té, co genova terapie zacala, doslo k zlepsSeni prace imunitniho
systému a po nékolika mésicich zacala pacientka zit ,,relativné normalni zivot”



Prvni evidentni uspéchy genové terapie: X-SCID

=pripad z roku 1990 ziskal mnoho publicity

"pozdéji bylo opakovano s dalSimi pacienty (na jednoho pacienta 10 — 12 treatments)
ou nékterych z nich doslo k dramatickému zlepseni
oySichni pacienti ale byli zaroven [éCeni enzymovymi preparaty, takze neni jisté, co
stoji za timto Uspéchem

=prvni jednoznacny a jasny uspéch genové terapie se projevil na pribuzné nemoci, na

X-linked SCID

mopét Slo o IéCbu ex vivo

mbyl uzit retrovirus ve kterém byl obsazen gen IL2Ryc

mkmenové buriky kostni drené exprimujici CD34 (=coz délaji pouze hematopoietické

bunky kostni dfené) byly inkubovany 3 dny v pfitomnosti retrovirového vektoru
obéhem tohoto ¢asu se bunky rozdélily 5-8x

=tyto bunky byly pozdéji vraceny do pacient(

=y 9z 11 pacientt doslo k pronikavému zlepsSeni a tito pacienti mohli vést normalni

Zivot



U dvou z téchto vylécenych chlapcli doslo
pozdéji k vzniku leukémie, skoro jisté diky
aktivaci LMO2 onkogenu CD34* stem cells enriched Retroviral vector carrying
tento onkogen se aktivoval tim, Py magnetic bead-antibody e cytorine receplorgene
ze do jeho blizkosti
se inzertoval retrovirus S0 N

diky tomuto faktu byly o —4-o

pokusy s retroviralni ) M \) Dand

transdukci lymfocytt

pozastaveny W
\ |
&

30-150 ml of bone Infuse 14-38 million Transduce cells in plastic bag
marrow aspirated under cells per kg body for 3 days; cells multiply
general anesthetic weight 5-8-fold

Figure 21.11: Gene therapy of X-linked severe combined immunodeficiency disease (xisrcim).

This is the first clear success of gene therapy. Of 11 boys aged 1-11 months treated at the Necker-Enfants Malades Hospital, Paris, nine
were cured. See Hacein-Bey-Abini et al. (2002). Two of the nine unfortunately later developed a form of leukemia, almost certainly as a
result of activation of the LM0O2 oncogene by nearby insertion of the retroviral vector.



GENETICS
Chinese scientists raise ethical
questions with first gene-edited

babies

Researchers used CRISPR/Cas9 to alter a gene involved in HIV entry into cells

He said that his group used the gene-editing tool CRISPR/Cas9 to disable the CCR5 gene in the
fertilized eggs that produced the babies, called “Lulu” and “Nana” (not their real

names). CCR5 produces a protein that allows the most common version of the HIV virus to enter
cells. Some people naturally have mutations in the gene that help protect them from HIV
infection. Such “gene surgery” has already proven safe in adults with HIV, He said in the video. HIV
infection is still a deadly disease and in the developing world, “discrimination increases the
devastation,” He said. Gene editing could spare such children from their parents’ fate, He claims.

T O T Elllaaa__—m—"nmn 0 - T I
GENE EDITOR Jiankui He, shown in a lab in Shenzhen, China, on October 10, has announced the birth of the world's first gene-edited babies.



Metody dopraveni DNA do tkane

Gene Therapy Approaches

AADC* deficiency.
Parkinson’s disease

&

V'Ln) EX vivo
= gene transfer
Inherited retinal
d|sea5fs CAR-T Cell
A Therapy
&
Hemophilia B
In vivo

= 0)
[ J

HSC Therapy
B-thalessemia

ADA-SCID

gene transfer

*AADC: aromatic amino
acid decarboxylase

AGene modified CD8 T cell
® Gene corrected CD34'HSCs

222 AAV vector carrying therapeutic gene
@ Retro/ lentiviral vector carrying therapeutic gene

Source: Produced by MSA based on Kumar, et al., “Clinical
Development of Gene Therapy,” Molecular Therapy (May 2016)

Pomoci
-virovych vektoru
-nevirove

Tab. 11.6.1. Srovnani nevirovych strategii a metod genové terapie. Plazmidova DNA obsahujici transgen byva aplikovéna
injek¢né, pomoci fyzikalnich metod (elektroporace, sonoporace), nebo metodami chemickymi.

Strategie

Metoda

Vyhody

Nevyhody

naha DNA

injekéni podani in vivo

snadné pouziti

mala efektivita

mozné pouziti pro genetické vakciny

docasny efekt

internalizace jen do svalovych a srdecnich
myocytll a antigen prezentujicich bunék

fyzikalni metody

elektroporace

snadna aplikace do kosterniho svalstva
a kdze, invazivni i do ostatnich organt

mala efektivita

docasny efekt

limitované spektrum aplikaci

sonoporace neinvazivni aplikace mala efektivita
docasny efekt
chemické metody lipozomy snadna aplikace mala efektivita

kationtové lipidy

kationtové polymery

snadné pouziti

docasny efekt




Metody dopraveni DNA do tkané — virové vektory

Adenovirus (~36 kb genome)

Adeno-associated virus (4.7 kb genome

Table 1. Overview of common viruses used for generating gene therapy viral vectors.

®

Retrovirus (7-10 kb genome)

Lentivirus (9-10 kb genome)

Adenovirus (7 = 400)
B Retrovirus (0 = 344)
W Naked/plasmid DNA (n = 304)
W Vaccinia virus (7 = 133)
M Lipofection (n = 109)
B Poxvirus (n = 93)
Adeno-associated virus (n = 75)
¥ Herpes simplex virus (n = 56)
W Lentivirus (0 = 29)
B Other categories (n = 82)
M Unknown (n = 55)

(7-12-2017)

Parameter Retrovirus Lentivirus AAV Adenovirus
Coat Enveloped Enveloped Non-enveloped Non-enveloped
Packaging capacity (Kb) 8 8 ~4.5 7.5
Tropism/infection Dividing cells Broad Broad excluding Broad
hematopoietic stem cells
Inflammatory potential Reduced Reduced Reduced High
Host genome interaction  Integrating Integrating Integrating/ non-integrating Non-integrating
Transgene expression Long lasting Long lasting Potentially long-lasting Transient or long-lasting
depending on immunogenicity
Target tissue
Dose of gene therapy (vg)
500
450 Eye (local target)
~ 11
400 1x10" vg

No. of Clinical Trials
N
w
o

100
50

0
© © © © © © d
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Figure 4. Leading vectors used in gene therapy clinical trials. Data
from Gene Therapy Clinical Trials Worldwide provided by the
Journal of Gene Medicine. http://www.wiley.com//legacy/wiley
chi/genmed/clinical/. Updated June 2014.

Brain (local target)
~1x10 vg

Liver (systemic)
~1x10" vg

Muscle (systemic)
~1x10" vg



RETROVIRY

-jsou schopny atakovat pouze délici se bunky
(neprochazi kompaktni jadernou membranou)
- napadaji predevsim T-lymfocyty

- pouze ex-vivo terapie a nahodna integrace do
hostitelského genomu

- riziko inzeréni mutageneze

- maximalni velikost transgenu do 7.5 kbp

- retroviry nezpUsobuji lyzi buriky

LENTIVIRY

mohou nahradit klasické retroviry, jelikoZ jsou
schopny infikovat a integrovat svij genom do
nedélicich bunék napr. neurony, makrofagy,
hematopoetické kmenové buriky a burnky sval(l a
jater

delece v LTR, neni schopen produkovat infekéni
Castice, ale schopen integrace

ADENOVIRY

dsDNA viry

napadaji vSechny typy bunék

virova DNA se neintegruje do genomu hostitele
exprese je silna ale pouze docasna (max. mésic)
zpusobuiji silnou imunitni odpovéd' (exprese wild-type
proteind virové Castice)

nova generace adenovektord neobsahujici prirozené geny
nejsou vhodné pro |é¢bu nddorovych bunék, protoze ty na

né nemaji receptory
Vétsina lidi ma protilatky, 90% vektoru je degradovano
béhem prvnich 24 hodin od podani

ADENO-ASOCIOVANE VIRY (AAV)

dsDNA viry

Vétsina odovozena od serotypu 2 (AAV2)

nikdy nespojovany s lidskymi nemocemi
napadaji vSechny typy bunék

virova DNA se integruje do genomu hostitele na
specifickém misté (u ¢lovéka na konci 19tého
chromozomu)

Neni riziko inzeréni mutageneze

exprese je ale slaba a vektory maji malou kapacitu 4kb

nezpusobuiji silnou imunitni odpovéd



Kdy je doporuceno dlouhodobé sledovani zalezi na
pouzitém vektoru

Adenovirus

Adeno-associated
virus (AAV)

Retroviruses (e.g.
lentivirus,
gammaretrovirus)

Nonviral Vectors
(e.g. plasmids, RNA)

Capable of holding large amounts of DNA
Non-integrating, less risk of mutations

Not known to cause human diseases, so
very little risk of immune response
Integrates at specific site so limited risk of
mutations

Long-term expression of the gene due to
DNA integration

Can infect both dividing and non-dividing
cells

Capable of holding large amounts of DNA
No immune response

Cons

Only the cells that are directly modified
will express the gene of interest — long-
term expression is unlikely

Can induce immune response

Can only hold a small amount of DNA
Transient expression

Non-specific insertion site can cause high
risk of mutations

Potential for activation of proto-
oncogenes and risk of malignancies

Less efficient at modifying cells

Long-Term Follow-Up

Recommended?

No*

Product specific (2-5 years of
follow-up)

Yes

No

*Specific circumstances that indicate persistent expression of the transgene, in the absence of integration or genome editing, may require LTFU observations to mitigate long term risks to subjects.



Jaké vlastnosti by mél mit idealni vektor

Bezpecny (bez vedlejsich ucinku, neimunogenni)
Cileny na prislusné bunky

Snadno ziskatelny (produkce, purifikace apod.)
Stabilni

Efektivni v doruceni DNA

Snadno aplikovatelny

Schopny chranit genetickou informaci, kterou nese

Nesmi obsahovat —sekvence homologni s funkcnimi
geny, jiné cteci ramce, informace pro produkci
toxického produktu apod.



Workflow pri vyrobé pripravku ex vivo

Priprava CAR T-lymfocytu

(6) Cell Infusion (1) Leukapheresis
Deliver reprogrammed A patient’s white blood cells (including T cells)
CAR-T cells into patient’s blood. are extracted through a specialized blood

filtration process, then sent to the company’s
Iring facility for rep i

(7) Cell Death

Within the patient’s body, the CAR-T cells recognize that patient’s
cancer cells and other cells expressing a specific antigen, attach to
them, and initiate direct cell death.

CART cells attach

(5) Lymphodepleting to cancer cells. Cell death is initiated.
chemotherapy Sl S

3 A 3 ¢
The patient receives i ) E {:} @T{‘, )_
lymphodepleting Y & R —
chemotherapy to reduce I L
thelevel ot whiteiblood CAR-TCell Cancer Cell CART Cell Cancer Cell

cells and encourage
acceptance of the
reprogrammed cells.

— X

SEEEEEEEE ©;

SEEEE R Q9
T

Manufacturing Facility

(4) Quality Check «— Tecells

Strict quality testing is performed before
release and shipment of the cells back to the
patient.

(2) Reprogrammed Genes

With an inactive virus (viral vector), T cells are
genetically encoded to recognize cancer cells and
other cells expressing a specific antigen.

Viral Vector 1
{:} TNy

(3) Expansion

Newly created CAR-T. CARTCell Q pe

cells undergo Y <
NS

=

I=| ——

genove tera



Priprava T lymfocytu s chimerickym antigennim receptorem (CAR) - Ex vivo genova terapie

CWas Planning i : /Terminally ill )

My Funeral. This 5y Ve }'Jatlent Is mzw

Therapy Was My |- cancer fr.ee

Last Chance. ‘W after raising

\ Y, 7 e N £400,000 for
‘last-hope’ Tx

funeral-this-therapy-was-my-last-chance.html

THE CAR-T REVOLUTION: |

Gilead’s $12B Acquisition of Kite Pharma & FDA Approval of Novartis’ Kymriah
Signal Tipping Point for Promising Cancer Immunotherapies

evobiotalent.com

o8 EVOLUTION

[ﬂ GILEAD 9., .. U NOVARTISJ




Why Are Cell and Gene Therapies Challenging?

Monoclonal antibodies Ex vivo gene therapy

(e.g. CAR-T)

° Starting materials well categorized °
° Single or limited number of GMP-compliant sources for API °
° Single lot = 1000s of patients; make-to-stock is possible °
° Product is not personalised °
° Long and large clinical trials — long term safety/efficacy data; time e

to build global experience and plan commercial supply chains

° Simpler reimbursement models based on massive amount of °
commercialization experience

° Shorter term follow-up if treatment is successful °

° Can be scaled up without scaling out °

Starting material has high variability

Multiple sources of starting material (apheresis centres)
Single lot = 1 patient; therapy manufactured in real time

Needle-to-needle traceability required — patient must receive
therapy manufactured from his/her own cells

Short and small clinical trials — limited data means long term
safety studies may be required; less time to plan and develop
commercial supply chain

High cost, potentially curative therapies (Kymriah $475k; Yescarta
$375k). Reimbursement models potentially more complex and
based on outcomes

Long term follow-up, even if treatment is successful or curative

Scale-up only achieved by scaling out, increasing supply chain
complexity



Prehled schvalenych pripravkl genové terapie

A Invivo Gene Therapy Drugs B Ex vivo Gene Therapy Products

Allogenic T cells
Zalmoxis (Suicide HSV-TK-ALNGFR gene)

Gendicine (Tp53)

TvasTHgeT e
Glybera (LPLS447X Patent poner
ybera ( gene) Allogenic Chondrocytes
— T TR PRS- Invossa (TGF B1gene)

Vitravene (ASO-CMV retinitis )

[~ g N ®
” o,
Spinraza (ASO-SMN2 pre-mRNA) v @gﬁg@

Onpattro (RNAi-transthyretin gene) e

Kynamro (ASO - Apo lipoprotein B-100)

Imlygic (HSV-1oncolytic virus GM-CSF gene ) Autologous T cells (CAR T cell therapy)

Eteplirsen (Morpholino Oligomer-Exon51 DMD) Yeskarta (Anti CD19-CD28-CD3zetta CAR T gene)
Kymriah (Anti CD19-CD137-CD3zetta CAR T gene )

Oncorine (E1B 55kDa mutant adenovirus dI11520)

Defitelio (single-stranded oligonucleotides- VOD) —
Autologous Hematopoitic stem cells

Strimyelis (ADA gene)

Macugen (RNA oligonucleotide- VEGF165 isoform )

Rexin-G (Retroviral vector encoding cyclin G1 inhibitor)

Zolgensma (Onasemnogene Abeparvovec)

FIGURE 1 | Approved human gene and cell-based gene therapy products. (A) /n vivo approved gene therapy drugs such as Neovasculgen, Glybera, Defitelio,
Rexin-G, Onpattro, Eteplirsen, Spinraza, Kynamro, Imlygic, Oncorine, Luxturna, Macugen, Gendicine, Vitravene as well as Zolgensma directly injected into their
target tissue or organ. (B) Ex vivo gene therapy drugs include Zalmoxis as allogenic T cells, Invossaas allogenic chondrocytes, Yeskarta and Kymriahas autologous
T cells (CAR T cell therapy), Strimvelisas autologous hematopoitic stem cells.

Shahryari A et al., Front Genet, 2019



Gencidine - prvni schvalenda genova terapie na svéte (v Ciné) — Ad vektor

Gene Therapy for Cancer with the Recombinant Adenovirus-p53

survival Probability (%)

100

80

60

40 .-
Single Modality i
Median 21 Months
20 : . : * *
0 20 40 60 80 100
p=0.0428 Time

Head and Neck

p53+ Single
Chemo Modalit)
Sample size 33 59
Median Survival " -
(months)
p53 + Chemo

4—————— Median 49 Months

(Gendicine®)
by Dody S. Bautista, Ph.D
[View PDF file]

e®, a recombinant human adenovirus vector containing the
53 gene, is recognized as the world’s first commercially approved
product. Gene therapy products have been in clinical trials
e late 1980s but it was not until 2003 when China took the credit
irst country to approve a product for no less than the treatment of

P53 gene injected into AdS vector

Chromosome

pS3
protein

Tumor Cell
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Gene therapy: Glybera approved by

European Commission
By James Gallagher

Health and science reporter, BBC News

A treatment which corrects errors in a
person's genetic code has been approved
for commercial use in Europe for the first
time.

The European Commission has given Glybera
marketing authorisation, meaning it can be
sold throughout the EU

It is a gene therapy for a rare disease which
leaves people unable to properly digest fats

Gene therapies alter a patient's DNA



Glybera - Genova terapie deficitu lipoproteinové lipazy (AAV)

prvni schvalenou genovou terapii v Evropé v roce 2012 byl alipogene tiparvovec

e uveden na trh pod nazvem Glybera

e AAV serotyp 1 (tropismus ke svalové bunce) nesouci kopii lidské lipoprotein linasv

e deficience lipoprotein lipasy se vyskytuje u 1 ¢lovéka z 1-2 milidn(

e cena pro jednoho pacienta byla plivodné 1.6 miliénG dolard

e v r. 2015 snizena na 1 milién dolard

e |ék byl pouzit jedinkrat v Némecku v zari 2015

e spolecnost uniQure oznamila, Zze nebude prodluZovat licenci v Evropé
az vyprsi na podzim 2017

https://www.technologyreview.com/s/601165/the-worldsmost-expensi\

Alipogene Tiparvovec (Glybera®)
Gene Therapy for LPLD

. ~

S ==@ Chylomicron

."15 LPL | .

5¢:’ s — = L4
FFA

uniQure

——_ UniQure
https://plus.google.com/+EuroTechNews/posts/cTYNkFiJ76T (7-12-2017) B

Lipoprotein lipase deficiency
Marketed in Europe 2012

Glybera is a gene therapy that is designed to restore the LPL enzyme
activity required to enable the processing, or clearance, of fat-carrying
chylomicron particles formed in the intestine after a fat-containing
meal. The product consists of an engineered copy of the human LPL
gene packaged with a tissue-specific promoter in a non-replicating
AAV1 vector, which has a particular affinity for muscle cells. In order to
improve activity, uniQure uses a naturally occurring variant of the LPL
gene that has higher enzyme activity than the normal version of the
gene that encodes the protein.

April 20,2017

UniQure Says It Will Not Pursue EC Marketing
Renewal for Glybera Gene Therapy

The World’s Most Expensive Medicine Is a
Bust

The first gene therapy approved in the Western world costs $1million and has
been used just once. The doctor who tried it says the priceis “absolutely too
high.”

by AntonioRegalado  May4,2016



https://www.technologyreview.com/s/601165/the-worldsmost-expensive-medicine-is-a-bust/amp/

The first gene therapy for children has just been
approved in Europe

This is huge.
DAVID NIELD 3 JUN 2016

0006

In a landmark moment for scientific research, the world's first gene therapy
treatment for children has been given the green light by the European
Commission. It's called Strimvelis, and it treats severe combined
immunodeficiency (ADA-SCID) - a rare disorder that can be fatal in a very short
space of time for those affected.

EE a Sign in News Sport  Weather Shop Earth Travel

NEWS

Home  Video World UK Business Tech Science Magazine Entertainment & A

Science & Environment

Gene therapy drug approval granted to
GSK

By Pallab Ghosh
Science correspondent, BBC News

©® 27 May 2016 = Science & Environment < Share

Strimvelis

e |ék na ADA-SCID — vyskyt v Evropé zhruba 15
pripadl ro¢né, 12 v USA

® ex vivo genova terapie hematopoetickych
kmenovych bunék (HSC pomoci retrovirového
vektoru s lidskou ADA

e cena byla stanovena na 594 000 €
(dvojndsobek ro¢ni ceny enzymoterapie)

e schvalen EK v kvétnu 2016



V soucasnosti jsou tri pripravky genové terapie schvaleny FDA

August 2017 October 2017 December 2017 May 2018

is $373,000 - $475,000*

1 I
¢ FDA approves first gene E ¢ FDA approves another CAR-T E FDA approves Luxturna®© E FDA approves Kymriah ©
therapy (CAR-T therapy), : therapy, Yescarta© : (voretigene neparvovec-rzyl) to . forsecond indication, treatment
Kymriah© (tisagenlecleucel), for i (axicabtagene ciloleucel), to treat i treat RPE65 mutation-associated i :2lﬁlanﬁsiig:arsf;f:iig]::ge B-
treatment of children and young | relapsed or refractory large B-cell | retinal dYSFFOPhV, an inherited | admitﬂs’t)ered with a one time IV
adults with relapsed or refractory | lymphoma administered with a | form of vision loss that may result | infusion.
B-cell acute lymphoblastic i one time IV infusion. i in blindness administered by i
leukemia and for adults with ! . Subretinal injection (one time per !
relapsed or refractory diffuse | ; eye). |
large B-Cell i i i
| ' :
Cost estimate for treatment E Cost estimate for treatment E Cost estimate is E Cost estimate is $373,000 -
| is $373,000* | $475,000 per eye | $475,000
1 1 1
1 1 1

* Kymriah's cost is indication-specific. Note, price listed includes only the acquisition cost of the medication. Before receiving medication, patient must receive 3 days of conditioning chemotherapy. Product must be infused in the hospital
setting and patient typically remains inpatient for a minimum of 7 days, all of which will increase total cost of care.



Pripravky genové terapie schvalené nebo s o¢ekavanym schvalenim FDA v roce 2019

> 1,770 Global Gene Therapy Trials Supporting
>700 Gene Therapy Candidates

W Phase |

W Phase I/11
W Phase Il

W Phase ll/lll
W Phase il
M Phase IV

37%

29%

r

May 2019 - approved
[ ]

Zolgensma (AVXS-101)
Spinal muscular atrophy
(SMA) Type 1

One-time IV infusion

US prevalence 500 people

Expected cost

$1-4 million

- Alliance for Regenerative Medicine (ARM)

Mid/late 2019

Toca-511 Recurrent high
grade glioblastoma
One-time administration
followed by ER 5-
fluorocystine.

US prevalence 8,000
people

Cost TBD

Lisocabtagene Large B-cell
lymphoma

One-time IV infusion

US prevalence 1-3 per
10,000

Cost TBD

Late 2019

T_T—

Valoctocogene
roxaparvovec Hemophilia
A

One-time IV infusion.

US prevalence 1 per
12,000 people

Cost TBD

LentiGlobin Transfusion
dependent beta-
thalassemia

One-time IV infusion
US prevalence 1,000
people

Cost TBD




Cell & Gene Therapy
Manufacturing Capacities

in Europe
2017
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Genova terapie dnes Strimvelis

Figure 3: Number of gene therapies in active development
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Source: Pharmaprojects, 2016

This growth is supported by FDA evidence showing the number of applications for
investigational new drugs (IND) and investigational device exceptions (IDE) relating to
cellular and gene therapies has steadily increased since 2010 (Figure 4).



Uvod do molekularni mediciny 8/12

Take home Napln pristi prednasky
VANOCE!!!!!1!
Faze klinického hodnoceni lé¢iv HEZKE SVATKY!!!

Randomizace, zaslepeni, interim analyza, metanalyzy
Monoklonalni protilatky - typy

Pfiprava monoklonalnich protilatek

Biologické ucinky monoklonalnich protilatek

Cilena |écba protinadorovych onemocnéni: obecna strategie

Cilena |écba protinadorovych onemocnéni: inhibice RTK

Cilena |écba protinadorovych onemocnéni: inhibice angiogenze
Cilena Iécba protinadorovych onemocnéni: [écba kostnich metastaz
Individualizace lécby: priklad anti-EGFR terapie

Moderni transportni systémy

Moderni transportni systémy-lipozomy

Moderni transportni systémy-nanocastice

Genova terapie — definice, obecné strategie

Ex vivo a in vivo genova terapie

Metody doruceni genu do tka né

Pfiklady genova terapie u monogennich dédi¢nych chorod ADA, X-SCID
Principy genové terapie nadorovych onemocnéni

Preimplantacni geneticka diagnostika
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